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4.5 Bimetallic traps of same capacity are acceptable in place of Balanced Pressure Thermostatic

traps but not vice versa. Suitability of trap for design conditions shall be ensured.

5.0 DOCUMENTATION

5.1 No documents shall be submitted with the offer.

5.2 Detailed dimensioned cross section drawing with parts, materials, weight, etc. shall be
submitted through EIL eDMS for records/information.

6.0 TESTS AND INSPECTION

6.1 IBR steam traps shall be hydrostatically tested as per IBR regulations (latest edition). Other
steam traps shall be hydrostatically tested to twice the design pressure for which the traps
are suitable. For air traps test pressure shall be 1.5 times the design pressure.

Hydrostatic testing of assembled S5/CR Manifolds and Compact Steam Trap Assemblies

shall be as per MR or at two times the design pressure, if not specified in MR,

Test pressure shall be maintained for a sufficient length of time not less than [0 minutes.

Test pressure shall be released only after physical checking ot all the joints and attachments

are completed, to permit thorough inspection of all joints and connections for leakage or

signs of failure. Any joint found leaking during a pressure test shall be retested to the
specified pressure after repair.

Seat leakage for all valves shall be performed as per BS EN-12266-1. Leakage rate shall be

category-A.

6.2 In case cast material is specified for trap in the datasheet, radiography of trap shall be as
follows:

a. For carbon steel and stainless steel upto Class rating 300, 10% of traps shall be
radiographed, with a minimum of one number against each type, size. rating and
material,

b. Forall ratings in alloy steel and Class rating 6000 and above in carbon steel/stainless steel,
traps shall be 100% radiographed.

6.3 Radiography of BW joints shall be as follows :

a. For carbon steel and stainless steel upto Class rating 600, 10% of joints shall be
radiographed, with a minimum of one number against each type. size, rating and
material. Joints for weld-on flanges shall be 100% radiographed.

b. For all ratings in alloy steel and Class rating 900 and above in carbon steel/stainless
steel, BW joints shall be 100% radiographed.

6.4 Positive Material Identification (PMI) shall be performed as per the scope and procedures as
defined in the ‘Standard Specification for Positive Material Identification (PMI) at
Supplier's Works" (No. 6-81-0001),

6.5 Test reports shall be supplied for all mandatory tests as per the relevant material
specifications/requisition. Test reports shall also be furnished for hydrotest and any other
supplementary tests as specified in the requisition.
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Material test certificates (physical properties, chemical composition & heat treatment report
and any other testing as per MR) of the pressure containing parts shall be furnished for the
steam traps supplied. Material test certificates for the other parts shall also be furnished for
verification during inspection.

EIL/Client’s authorised representatives reserve full right to witness stagewise inspection of
all mandatory/applicable supplementary tests. However, for IBR items, the tc%ls-"mspectmn
shall be by IBR authority or IBR authorized representative,

Refer Specification 6-81-0134, 6-81-0004, 6-81-0005 for Inspection & Test Plan for
Steam Traps, Valves and Fittings respectively.

MARKING AND DESPATCH

Vendor shall securely attach on the body a metal tag stamped with item code, Tag no. (If
mentioned in requisition), size, rating and special conditions like *IBR'. Wherever
nameplate is provided, marking can be done on the same. Direction of flow shall be marked
integrally on the body.

Paint or ink for marking shall not contain any harmful metal or metallic salts such as zinc,
lead or copper which cause corrosive attack on heating. IBR traps shall be painted with red
stripes (25mm width).

All items shall be dry, clean and free from moisture, dirt and loose foreign material of any
kind.

All items shall be protected from rust, corrosion and mechanical damage during
transportation, shipment and storage.

Rust preventive on machined surfaces to be welded shall be easily removable with a
petroleum solvent and shall not be harmful to welding.

Each end of trap shall be protected with the following materials :
Flange Face : Wood or Plastic Cover
Bevelled End : Wood or Plastic Cover

SW & SCRD End - Plastic Cap

End protectors of wood / plastic to be used on flange faces shall be attached by at least three
bolts and shall not be smaller than the outside diameter of the flange. However plastic caps

for SW & SCRD end steam traps shall be press fit type. End protectors to be used on bevelled
end shall be securely and tightly attached.

ATTACHMENTS FOR MR
Format No3-16-43-0094 - Data Sheet for Steam Traps

- : Job Specific Process data sheet for Process steam
trap/Air trap (as applicable)
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9.0 REFERENCES
6-81-0001 :  Specification for PMI at Supplier’'s Works
6-81-0004 :  Inspection and Test Plan for Valves
6-81-0005 . Inspection and Test Plan for fittings
6-81-0134 . Inspection and Test Plan for Steam Traps
6-78-0001 :  Specification for Quality Management System

Requirements from Bidders

6-44-0066-A1 :  Supporting arrangement for SS/CR manifolds
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TOP BOSS OF
S5/CR MANIFOLD
=1 H
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| LOWER MOST 8055 OF
I 55/CR MANIFOLD
|

|

= =
|
[
I
|
- |
= |
= [
. | STEEL MEMBER SUITABLE TO
| [ BEAR LDAD OF SS/CR MANIFOLD
| WITH ATTACHED PIPING
|
' [ - 1
\15|m X 150MM X 1DMM_PLATE
(INSTALLATION VIEW FROM ABOVE)
CONTINGUS, ALL ROUND
B FILET WELD
NO. OF NUMBER OF THREADED DIA OF OPENING IN
CONNECTIONS SUPPORTING CONNECTIONS TO SUPPORTING STEEL
STUDS BE USED {EXCEPT FOR TOP
MOST STUD)
(NOTE-2)
04 2 TOP MOST -
LAST MI2+3 MM
08 P TOP MOST -
LAST MI12+4 MM
12 4 TOP MOST -
THIRD M12+3 MM
FOURTH Mi12+4 MM
LAST M12+6 MM
NOTES:
I. Support steel, base plate, studs, nuts, spacer shown in above detail is in vendor's scope
of supply along with SS/CR manifold.
2. Except for topmost support, openings in structural steel shall be larger than the
supporting stud (Refer table above).
3, Material of studs & nuts shall be ASTM A193 GR. B7 and A194 GR. 2H respectively.
4. Spacer may be cut from 0.5 Inch pipe. '
5. Base plate & structural steel material shall be 1S-2062.
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Abbreviations:

AARH
AlSI
ARTM
BHN
BW
DP
FLGD
™

H2
HAZ
IBR
MO
MP
NACE
P
SCRD
SW
LNC
WN

Arithmetic Average Roughness Height
American Iron and Steel Institure
American Society for ‘l'esting & Materials
Brinell Hardness Wumber

Bunt Weld

Drve Penetrant

Flanged

Ferrite Number

Hyvdrogen

Heat Affected Zone

[ndian Boiler Regulations

Material of Construction

Magnetic Particle

National Association of Corrosion Engineers
Positive Material Identification

Serewed

Socket Weld

Unilied Coarse

Weld Meck

Piping Standards Committee

Convenor :

Members ;

Mr. G. Ralaji

Mr. Udavan Chakmvarty
Mr. K. Giridhar

Mr. K_ Anjaneyulu (5&ME)
Mr. 5. Ghoshal (SMBMS)
Mr. S.C. Maity {Structural)

Mr
Mr

. G.K. lyer {Projects)
K. Rai (Construction)

Farmat Mo, 8-00-000H-F1 Rey. ¢
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PURFOSE & SCOPE

This specification covers the design and construction, IBR requirements, documentation,
lesling, inspection, marking and despatch requirements for Strainers. Vendor shall supply
Strainers in accordance with the technical notes and details specificd in the Data Sheet for
strainers. Supplier shall strictly comply with ME/PR stipulations and no deviations shal] be
permitted. Post order Congession’ Deviation as mentionsd i CL 517 of Specification for
Quality Management System Requirements from Bidders (6-78-0061) is not applicable.

DESIGN & CONSTRUCTTON
All codes and Standards for manufacture, testing and inspection etc. shall be of latest editions,

The material of construction shall be as per the data sheet. The internals specified in the
straincr schedule shall include mesh and mesh frame. Supporting attachments that are welded
to the body shall have metallurgy cquivalent to body. For parts not mentioned in the data
sheet, vendor shall guarantee the material used tor the scrvice conditions specified.

For flanged strainers, MOUC of end tlanges shall correspund 1o the material specificd in the
Data sheet,

For welding of dissimitar materials required for strainer assembly, welder qualification
procedire shall be done prior to welding,

The material composition, physical properties, heat treatment, mandatory test repors,
dimensiuns and tolerances shall contirm to the applicable codes/standards/specifications as
specified in the requisition,

Design shall be based un EIL Std 7-44-0300 for temporary strainers, KIE Suds7-44-0303/0304
for T-1ype permanent strainers and Manufacturer's std. for Y-type strainers,

Dimension Standards for various components are as follows:

Body - ASME Bl16.9/Bt6.T]

Flanges - ASME B16.5/B16.47 Serics B

(iaskets - ASME B16.20/B16.21

Bults & Nuts - ASMEBIS 21 & B 1822 respoctivaly

Ends of body shall either be Flanged, BW. W or Screwed as specified in the data sheet,

The ends for strainers shall correspond to the following standards:

FLGD - ASME B16.5/B16.47 Series B
BW - ASME B16.25
W - ASMLEB6.11
SCRD - ASME B16.11

Bevel end details for BW strainers shalt be as per ASME B16.25. Cuntour of bevel end shall
be as follows:

Material Wall Thickness Weld Contonr
Carbon Steel {Except Upto 22 mm Figure 2 Tvpc A
Low Temp. Carbon
Steel) »22 mm Figure 3 Tyvpe A
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Material Wall Thickness Weld Centour

2.7

28

29

2,10

.11

112

2.13

214

Upto 10mm Figure 4
Alloy Steel,

Stainless Steel &

Low Temp. Carbon Steel

= 10 mm &Upio 25 mm Figure 5 Type A

=25 mm Figure 6 Type A

Flange face fimsh shall be nomally specified in the strainer data sheet. The interpresation tor
range of face finish shall be as tollows:

Stock Finish : 1000 1 in AARH max.
Serrated/Smooth Finish/125AARTI : Serrations with 125 to 250 p in AARN
Extra Smoob Finish/63 AARH : 327063 pin AARH

For strainers with ring type joint flanged ends the hardaess shall be as follows:

| Flange Matcrial Min, Hardness of Max. Gasket
_____Groove (BHN) Hardness (BHN}

{Carbon Steel 144 90
1% Crto 5% Cr, 9% Cr 150 130
Type 304, 316,321, 347 160 140
Type 3041, 3161 150 135

L inconel LINS ND6625 220 2600
Incoloy UNS NO&B23 210 190
Duplex S5 UNS 832205, 250 230

LINS 53183

For strainers with tlanped ring type joint ends. the hardness shall be recorded in the test report.

Ends of screwed strainers unless otherwise specified shall have taper threads as per
ASMESANS] B1.20.1 (upto 15" NB) & IS 554 (for 2" to 6" NB),

All 2" and higher size Y lype strainers shall be provided with 3/4" screwed plug for drain
connection, For less than 2" this shall be 172" size,

For Y type. SW end Strainers {size 1.5" & below) 10 MNF'STD, blind end is also acceptable
with threaded plug cover instead of flanged end. In this case, plug shall be of forged material
equivalent to body material.

For Y type strainers, cast strainers with integrally cast flanges and with end cover / blind
flange in cast/{orged construction is accepiable.

For tlanged end strainers, weld-on tlanges{WN} are acceptable.

Pressure drop calculations shall be Auwmished by vendor along with the offer, wherever
specified in the data sheet,
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Stainless Steed Strainers
All Austenitic Stainless Steel items shall be supplied in solution annealed condition.

For all Austeritic Siatnless Steel items Inter-granular Corrosion Test shall be conducted as per

followine:

- ASTM A 262 Praclice "B with acceplance crileria of *60mils/ycar {max.)’

OR

- ASTM A262 Practice E: The bent specimen shall be examined under 20X
magnification. The aceeplance criteria iy that there will be no crack or fissure in the
bent specimen. The bent specimen shall also be subjecied 10 metallographic
examination at 250X magnification to ensure no crack or fissure. The photograph of
the bent specimen along with comments shall be submitted lor review.

When specifically asked for in MR for High Temp. application of some grades of Austenitic
Stainless Steel (like 85 309, 310, 316H elc.} ASTM A 262 practice 'C' with acceptance criterta
of "15milsiyear” shall be conducted.

All types of 88321 or $5347 material shall be in stabilized heat reated condition. Stabilizing
heat treatment shall be carrisd oul subsequent w normal solution annealing. Soaking
temperalure and holding time for stabilizing beat treatment shall be 200 °C and 4 hours
respectively,

IBR Requirements

For 5W / BW end carbon stoel strateers under 1BR, the chemical composition shall conform to
the following

Carbon (Max) : 0.25%
{thers (8, P, Mn) : As per IBR regulations

Strainers coming under the purview of “IBR™ (Indian Boeiler Reguletions) shell each be
individvally accompanicd by original 1BR certificate in Form 111-C, duly approved by IBR
authority ¢ local authority empowered by the Central Boifer Board of India. Photocopy of
ortginal certificale duly attested by the local boiler inspector where the supplier is located is
the minimum requircment for acceptance,

In case of T-type strainer, body construction shall be *Seamless’ unless olherwise specificd in
the data shert.

Weldod Tees shall not be of fabricated (Stub-in/stub-on) type.

Strainers with welded body shall be in normalized condition& 100 percent radiographed by X-
ray.

All TCr-NAMa & 1.25C-05Mo strainers shall be nommalized and tempered. Alf 2.25Cr- 1Mo,
SCr05Mo, 20r-1Mo & 9Cr-IMo-Y welded strainers shall be normalized and lempered &
100 percent radiographed by X-ray.

Weld joints shall be stress relieved as per the requirement specified in the Strainer MR
Anachment.

NACE/RIC RBequirements

Strainers under “NACE™ calegory or those designated as “HIC T shall meel the requirements
of NACE MR-0103 unless otherwise specified.
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2.22.2 Strainers made {rom plates and designated as “TIC1™ shall meet the HIC requirements of EIL
specification 6-79-0013 unless otherwise specified.

2.23  Strainers of Hydrogen service category shall meet the requirements as specified in clause 4.0
below,

224  (Galvanized strainers shall be coated with zine by hot dip process conforming to 15 4736 /
ASTM A153.

215 Gaskets

2.25.1 Nen-metallic gaskets shall conform to B16.21 {corresponding to B16.3) up to 24" and 316,21
{comesponding to [316.47 Scrics *B*) hevond 24", unless otherwise specified.

2257 Spiral wound gaskets shall conform to B16.20.

2,253 Ringtype and spiral wound gasket shall be self-aligning type.

2254 Ring Joint gasket shall he Octagenal type and shall contorm to B16.20.

2.26 Bolting

2.26.1 Al hofts shall conform to B18.2.1, nuts to B18.2.2, Reference shall also be made to B16.5 {or
studs.

2.26.2 Threads shall be unified (LUNC for upto 17dia and SUN for = 17dia) as per ANSI B.1.1 with
class 2A fit for studs and M/C bolts and class 2B fit for nuts.

2.26.3 Nuts for Bolts & 5tuds shall be the Amencan Standard Hexagon Heavy Series,

30 DOCUMENTATION

3] No documents shall be submitted with the offer.

32 Detailed dimensioned cross section drawing wilh parts, materials, weight, ¢te. shall be
submitted through EIL eDXMS for records/information.

4.0 SPECIAL REQUIREMENTS FOR HYDROGEN SERVICE

4.1 Method of Manuofacture

4.1.1  All carbon stecl strainers having wall thickness 9.53 mm and above shall be nomalized.
Carbon content shail be limited to 35% max. and silicon .35% mae. The normalizing heat
treatment shall be a separate heat treatment operation and not g part of the hot forming
operation. Normalizing shall be done after (inal cold draw pass for all thicknesses 1f ¢old
drawn.

412 Al alley steel {Cr-Mo) strainers shall be normalized and tempered. The normalizing and
tempering shall be a separate heat treatment operation and not a part of the hot forming
operation. The maximum room temperature tensile strength shall be 100,000 psig.

4.2 1mpact Test

For all carbon steels and alloy stecls with wall thickness over 20 mm, Charpy-¥ Notch impact
testing shall be carried out in accordance with paragraph UG-84 of ASME Scction VIIL Diy-1
per heat of material and per heat treating batch. Impact test specimen shall be in accordance

Farmat No. 8-00-0001-F1 Rev. 0 Gopyright EIL — All rights raserved



g iddcs

T AT T 18 et o ik L mins o

& ONERS TECHNICAL NOTES FOR " DARD SPRCIFICATION No.
INDIA LIMITED STRAINERS 6-44-0067 Rev. 3

Page § of &

4.3

5.0

5.1

5.3

54

5.6

5.7

3.8
6.0

6.1

6.2

b3

6.4

7.0

Tl

with ASTM A370. impact energies at (F C shall average greater than 27) (20 fi-1b) per set of 3
speeimens, with a mimmum of 20 1 (15{1-1b).

Hardness ol weld and HAZ shall be 200 BHN {max) for carbon sleel and 225 BHN {max) for
alioy sleel.

TESTING & INSPECTION

All strainers shall be hydrostatically tested at the lower ol twice the design pressure and 1.5
times the class rating as per ASME 16,5 at ambicnt temperature.

All BW joints shall be 100% Radiographed and [Milet welds shall be 100% DP/MP checked.

Positive Malcrial Mentihcation {PMI) shall be performed as per the scope and procedures as
defined in the *Specification for Positive Material Identification {PMI) al Supplier's Works’
(Mo, 6-81-0001).

All welded Tees indicated in the MR as "Cryvo" & "LT" shall meet Impact test reguirements of
ASME B3 1.3, The Impact lest temperalure shall be (-)196%C &(-145°C for Stainless Stee] &
Low Temperature Carbon Steel respectively unless otherwise mentioned in the MR,

The sitage wise inspection of non-IBR Strainers shall be dong by EIL inspector before
despatch, EIL/Client’s authorized representatives reserve full right to witness stagewise
inspection of all mandatory/applicable supplementary tests.  However, for IBR items, the
tests/inspection shall be by [BR authority,

Material Test Certificates {Physical Properties, Chemical Composition and heat ‘T'reatment
Report) shall also be furnished,

Tesl reports shall be supplied for all mandalory wsils as per lhe relevant material
specifications/requisition. Test reports shall also be furnished for hydrotest and other
supplementary lesls as specified in 1he requisition,
Refer Specification 6-81-0133 for Inspection & Test Plan for Strainers,
ACCEPTABLE DEVIATIONS
Following alternative body materials are acceptable :
- AISEAZWAISLAI0/ AT GrCAHKYATAY GrALS in dieu of ASTM ATDS
- AIB2F22 imlienof A182 F1I,

AIS[A2KATE2 F11 in lieuw of AT82 F1

Cast strainers with integraily cast tlanges are also acceptable in heu of equivalent forged
material. Al castings offered int place of Torgings shatl be radiographed.

Forgings of equivalent material shall be acceptable in place of castings.

In the case of T ype strainers, 'Seamless’ body is acceptable in place of “Welded” body.
“Welded® body shall not be acceplable in place of “Seamless™

MARKING & DESPATCH

Each Strainer shall be legibly & conspicuously slamped on the body,  in accordance wilh Lhe
requirements of applicable standards along with special condition like IBR, CRYO, NACE,

Format No. B-00-0001-F1 Rew. Copyright EIL - All rights resenad
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i17 ete. Vendor shall also mark on the body the direction of flow, Location/Tag No. and Line
MNumbet mentioned in MR attachment.

All items shall be dry, clean and free from moisture. dirt and loose foreign material of any
kind.

All ilems shall be protected from rust, corrosion, and mechanical damage during
transportation, shipment and storage.

Rust preventive, on machined surfaces to be welded, shall be easily removable with a
petroleum solvent or shall not be harmful to welding,

Paint or ink for marking shall not contain any harmful metal or wetallic salts such as Zine,
Lead or Copper which causes corrosive attack on heating.

Strainers under "IBR", "CRYO", "NACE" & “112" shall be painted in Red. Light Purple.
Canary Yellow and sea green strips respectively for easy identification. Width of strip shall be
25 mm. Straincers coming under the purview of  “IBRT, “CRYOQ”™ . "NACE" &
“H2"(hydrogen) shail be painted with one circumferential stripe of colour red. light purple
brown, canary yellow & whifc respectively for easy identification. Width of stripe shall be
1 2mm for siecs less than 37 and 25mm for sizes 37 and above. Stripe shall be located one end
near to the bevelisocket/screwedflanged end.

After testing, one coat of inorganic zine silicate (minimum DFT 65 0 75 microns) shall be
applicd as primer over the external surface for carbon steel / alloy stec] strainers,

Each end of strainer shall be protected with the following materials :

Flange Face : Wood or Plastic Cover
Bevelled End : Wood or Plastic Cover
SW & SCRD End : Plastic Cap

End protectors of wood / plastic (o be used on flange faces shall be attached by at least three
bolts and shall not be smaller than the outside diameter of the flange. However plastic caps
for SW & SCRD end strainers shall be press it tvpe. End protectors to be used on beveled end
shall be securely and tightly attached,

ATTACHMENTS FOR MR

Format No.3-1643-0093: Lata sheet for Strainers

REFERENCES

6-§1-0001 . : Specification for FMI at Supplicr’s Works

0-81-0133 . ]nspecti;:rn and Test Plan for Strainers

6-78-000 : Specification for Quality Management System Requirements

itom Bidders
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Abbreviations:
AARH : Average Arithmetic Root Height
AS : Alloy Steel
ASME The American Society of Mechanical Engineers
ASTM The American Society lor Testing and Materials
Cs : Carbon Steel
DFT Dry Film Thickness
De : Dye Penetrant
eDMS Electronic Document Management System
GTAW : Gias Tungsten Arc Welding
MP : Magnetic Particle
MR Material Requisition
PR : Purchase Requisihion
58 - Stamnless Steel
Piping Standards Committee
Convenor: Mr. G. Balaji
Members: Mr. Udavan Chakravarty

Mr. R. Gindhar

Mr. K Anjanevulu (SMED)

Mr. Rajesh Chitara (SMMS)

Mr. 5C Maity (Structural)

Mr, Harsh Vardhan (Projects)

Mr. Panka) Kumar Rai (Construction)
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1.0 PURPOSE & SCOPE
This specification covers the design, fabrication, documentation, inspection & testing,
marking and dispatch requirements for Sample Coolers. Supplier shall supply Sample Coolers
in accordance with these technical notes, standards and drawings attached with the
Matenal/Purchase requisition. Supplier shall strictly comply with MR/PR stipulations and no
deviations shall be permitted.

All codes and standards for manufacture, testing, inspection etc. shall be of latest editions as
on issue date of RFQ,

2.0 DESIGN & FABRICATION

2.1 All codes and standards referred in drawings, documents etc shall be of latest editions on the
date of offer submission.

2.2 Material,  dimensions  and  wolerances  shall  conform  to  the  applicable
codes/standards/specilications as specified in the requisition.

23 Supplier shall refer Data Sheet for Sample Coolers for additional details not covered n
standards/specilications/drawings attached with the requisition,

24 Unless otherwise specified dimension standard for end connections shall be as under

Flanged ends :  ASME B 16.3

Socket Weldingends © ASMEB 16.11

Screwed ends } ASMEB 161 VASME B1.20.1

Bevel ends : ASME B 16.25

25 The interpretation for range of Face fimish shall be as Tollows:

Stock Fiush : 1000 g AARH max,

Serrated Finish/125 AARH : Serrations with 125 to 250 p in AARH
63 AARH : I2TO63 pin AARH

1.6 Screwed Pipe ends shall have external taper pipe threads conforming to ASME B1.20.1.

2.7 As far as possible. corl shall be made from single straight pipe. However, one butt-weld joimt
is permitted. Welding shall be done by GTAW process. The AS/CS coil shall be normalized
and tempered afier bending. Solution annealing for stainless steel coil shall be carried out after
bending. The butt welded joint in the coil, if any, shall be radiographed. All other welds shall
be 100% MP tested for CS /AS and DP tested for S5 components.

2.8 External surface of sample coolers shall be brushed! mechanically cleaned. Afer testing, one
coal of inorganic zine silicate (DFT 75 microns) shall be applied as primer over external and
internal surface of the shell as well as over the carbon steel / alloy steel conl surface.

3.0 INSPECTION AND TEST

3l Material test certificates (Chemical composition, physical properties and heat treatment) shall
be furnished for all pressure containing parts. Materal test certilicates for other parts shall also
be furnished for venfication during inspection.

3.2 lest reports shall be supplied for all mandatory tests as per relevant matenal specifications.
Test reports shall also be supplied for hvdrostatic test and any other supplementary test as
specitied i the requisition,
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33 Sample cooler body shall be filled with water and leak tested at ambient temperature. The
coil shall be hydrostatically tested at the lower of the pressure specified in Data Sheet for
Sample Coolers and 1.5 times the class rating at ambient temperature. In case ol S5 coil, water
used for hydrostatic test shall have maximum chloride content of 25ppm.

34 Positive Matenial ldentification (PMI) shall be performed as per scope and procedure as
defined in *Specification for Positive Matenal Identification (PMI) at Supplier's Works (6-81-
0001)" for other than CS components.

35 Refer Specification 6-81-0132 for Inspection & Test Plan for Sample Coolers.
4.0 DOCUMENTATION

4.1 No documents shall be submitted with the offer. However, drawings shall be [urnished
alongwith final documentation for records through EIL eDMS (electronic Document
Management System).

4.2 In addition 10 document submissions through eDMS, 6 hard copies and 2 sofl copies (in
CDs/DVDs) of the final documentation shall be submitted along with the delivery of items.

5.0 MARKING & DESPATCH

5.1 Each sample coolers shall have corrosion resistant metal tag firmly attached to the body
marked with Tag No., Line number, Job No. & P.R. number, coil matenial & thickness (e.g.
ASTM Al06 Gr.B. 5160) by punching or etching.

5.2 All sample coolers shall be dry, clean and free from moisture, din and loose loreign materials
of any kind. All nozzles shall be properly closed with wooden plank to avoid ingress of
foreign matter. All sample coolers shall be protected from rust, corrosion and mechanical
damage during transportation, shipment and storage.

6.0 REFERENCES

Format No 3-1643-0096: Datasheet for Sample Coolers.

6-81-0001: Specilication for PMI at Supplier’s Works

6-81-0132: Inspection and Test Plan for Sample Coolers

6-78-0001 : Specification for Quality Management System Requirements

from Bidders

f-7R-0003: Specification for documentation requirements from suppliers |
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Abbreviations:
AARH: Anthmetic Average Root Height
ASME : The American Society of Mechanical Engineers
DFT Dry Film Thickness
cDMS : Electronic Document Management System
MR Matenal Requisition
PMI Positive Material Identification
PR : Purchase Requisition
PWHT: Post weld Heat Treatment
Piping Standards Committee
Convenor:  Mr. (5. Balap
Members:  Mr. Udayan Chakravarty
Mr. R. Giridhar
Mr. K Anjaneyulu (SMED)
Mr. Rajesh Chitara (SMMS)
Mr. SC Maity (Structural)
Mr. Harsh Vardhan (Projects)
Mr. Panka) Kumar Rai (Construction)
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1.0 GENERAL

1.1 Supplier shall supply *Sight Flow Indicators”™ in accordance with the Techmical Notes and
details specified i the data sheet for *Sight Flow Indicators’. Supplier shall strictly comply
with MR/PR stipulations and no deviations shall be permitted.

1.2 All Codes and Standards for manufacture, testing and inspection etc. shall be of latest
editions as on 1ssue date of RFQ),

2.0 DESIGN AND CONSTRUCTION

2.1 The *Material of construction’and “Type' of Sight flow indicator shall be as per the Data
sheet for Sight Flow Indicators (Format No 3-1643-0097).Supplier shall ensure suitability
of the material used for the service conditions specified for the parts not mentioned in the
datasheet.

2.2 The material composition, physical properties, heat treatment, mandatory tests, dimensions
and tolerances shall conform to the applicable codes/standards/specifications as specified in
the requisition,

2.3 For cast body “Sight flow indicators’, flanges shall be cast mtegrally with body. For forged
*Sight flow indicators’, weld on flanges (weld neck type) with 100% radiography are also
acceplable.

24 Sight flow indhicators shall be suitable for honzontal as well as vertical flow (from 1op 1o
bottom as well as from botiom to 1op) installation.

2.5 Ends shall be as specified in the data sheet. Flanged ends shall be as per ASME
B16.5. Flanges shall be either cast integral or butt welded with the sight glass body. Flanged
end face finish shall be as specified in the data sheet. The interpretation for range of face
finish shall be as follows:

Stock Finish 000 pin AARH max
Serrated/Smooth Finish/125 AARH 2125 1o 250 p in AARH
Extra Smooth/63 AARH 32 TO 63 pin AARH

3.0 TESTS AND INSPECTION

RN Sight flow indicators shall be hydrostatically tested for body with glass at a gage pressure
no less than 1.5 umes the 38°C Class rating pressure as per ASME B16.5.

32 Positive Material Idemtification (PMI) shall be performed as per the scope and procedures
as defined in the “Specification for Positive Material Identification (PMI) a1 Supplier’s
Works" (No. 6-81-0001).

33 Test reports shall be supplied for all mandatory tests as per the relevant material
specifications/requisition.  Test reports shall also be furnished for hydrotest and any other
supplementary tests as specified in the requisition,

34 Matenal test certilicates (physical properties, chemical composition & heat treatment
report) of the pressure containing parts shall be rmished for the Sight Flow Indicators
supplied. Material test certificates for the other parts shall also be furnished lor venification
during inspection

3.5 All butt welded jomnts shall undergo radiography. All welds for Sight flow indicators for
piping classes having requirement of PWHT (as indicated in Data sheet for Sight flow
mdicators) shall be post weld heat treated as per ASMIE B33
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3.6 Radiography Requirement for Castings:

1.6.1

362

363

j64d

37

38

4.0

4.1

Sight Flow Indicator castings shall undergo radiographic examination (%) as specified
below:

For Hydrogen / Hydrogen bearing Hydrocarbons, Oxygen, NACE services & Stress
relieved Piping classes for 150 Cl. Rating & 300 CL Rating :  50%.

For LT/CRYO services: 20%,

Radiography requirement for castings for categories not mentioned at 3.6.1 & 3.6.2 above
shall be as follows:

Class Rating Material Oty

150 &300 All Materials 10%
(Notes a & b)

600 & above All Materials 100%
Notes:
a) Radiography is not required for

- Category-D services as per ASME B31.3,
- ‘Fire water’, ‘Demineralised Water"& Cooling
water’services
) For stabilized grades of 85 100% radiography is required for
castings of all ratings.

Mumber of castings to be radiographed shall be minimum one number against each size,
rating, material and special requirement (H2, NACE, PWHT etc). Vanous items from the
MR shall be clubbed on this basis and quantities so arrived shall be considered for
calculating the number of items which shall be radiographed on the basis of percentage as
specified.

Radiography procedure, areas ol casting to be radiographed shall be as per ASML B16.34,
Radiography shall be done by X-ray/ y-ray to get the required sensitivity.

Sight flow indicators specified as *“NACE" shall meet the requirements of NACE MR-
0103, unless otherwise specified.

Refer specification number 6-81-2091 for Inspection and Test Plan for Sight Glasses.
MARKING AND DESPATCH
Supplier shall firmly attach corrosion resistant metal tag to the body with details stamped

with *Tag no™.."line no™., *size’, “rating” and “special conditions (wherever specified)” like
*H2, "NACE" ete. by punching or etching. Marking on name plate instead of metal tag is

also acceptable.

All Sight Flow Indicators shall be dry, clean and free from moisture, dint and loose foreign
material of any kind.

All items shall be protected from rust, corrosion and mechamical damage during
transportation, shipment and storage.  After testing, one coat of inorganic zine silicate
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{(mimimum DFT 70 microns) shall be applied as primer over the external surface for carbon
steel/ Low alloy steel Sight llow indicators,

4.4 Rust preventive on machined surfaces to be welded shall be easily removable with a
petroleum solvent and shall not be harmiul 1o welding.

4.5 Each end of Sight Flow Indicators shall be protected with the following materials :
Flange Face : Wood or Plastic Cover

End protectors of wood/plastic to be used on Mange Faces shall be attached by at least three
bolts and shall not be smaller than the outside diameter of the flange.

540 DOCUMENTATION

5.1 Detailed dimensional drawing shall be submitted for information before start of
manufacture. Catalogues/ detailed dimensional drawings giving details of “Sight Flow
Indicator” construction and material specifications for all parts shall be furnished alongwith
final documentation for Purchaser’s record. Supplier to note that no documents shall be
submitted with the offer. All documents/drawings shall be submitted through EIL eDMS
(electronic Document Management System)

5.2 In addition to document submissions through eDMS, 6 hard copies and 2 soft copies (in
CDs/DVDs) of the final documentation shall be submitted along with the delivery of items.

6.0 REFERENCES
Format No 3-1643-0097: Data sheet for Sight Flow Indicators (Sight Glass)

-8 1-0001: Specilication for Positive Material ldentification (PMI} at
Supplier’'s Works.

6-81-2091: Inspection & Test Plan for Sight Glasses.
6-78-0001: Specilication  for  Qualty  Management  System
Requirements from Bidders.
6-T8-0003: Specification  for  documentation  requirements  from
suppliers
Formal No. #-00-0001-F1 Rev. 0 Capyright EIL — All rights reserved
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Abbreviations:
AS t Alley Steel
ASME : The American Society of Mechanical Engineers
ASTM : The American Society for Testing and Materials
BS : British Standard
Cs : Carbon Steel
eDMS : Electronic Document Management System
IS : Indian Standard
MR Material Requisition
SS : Stainless Steel

Piping Standards Committee

Convenor: Mr. G. Balaji

Members:  Mr. Udayan Chakravarty (Piping)
Ms. Sulakshana Hundekari (Piping)
Mr. Rameshwar Prasad (Piping)
Mr. K Anjaneyulu (S&ME)
Mr. Rajesh Chitara (SMMS)
Dr. Sudip Paul (Structural)
Mr. Harsh Vardhan (Projects)
Mr. Pankaj Kumar Rai (Construction)
Mr. T. Kamalakannan (SCM-Inspection)
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1.0 PURPOSE & SCOPE

This document covers supply, material, fabrication, testing and inspection requirements
for *Spring Support Assemblies’ with helical, hot coiled & heat treated compression type
springs. Detailed design of spring assemblies is Supplier’s responsibility. Supplier shall
guaranice proper functioning of the Spring Assemblies under specified load & travel
conditions. Items not indicated clearly in Supplier’s offer but required as per this
requisition shall be considered in Supplier’s scope of supply. Supplier shall strictly
comply with MR/PR stipulations and no deviations shall be permitted.

All eodes and standards for manufacture, testing, inspection ete. shall be of latest editions

as on issue date of RFQ),
2.0 TECHNICAL REQUIREMENTS:
2.1 Material Requirements;

Uinless otherwise specified, the material of construction shall be as follows.

Clamp (C8) IS 2062 Gr.A/B

Clamp (AS) — Note | ASTM A 387 Gr.11/22 or SS 316/ 321.
Clamp (SS) S§8316/321

Lugs (CS) — Note 2 1S 2062 Gr.A/B

Lugs (AS5) — Note 3 ASTM A 387 Gr.11/22

Lugs (S5) — Note 3 §5316/321

Protection shield at pipe or elbow Same as Pipe material specified in Spring
Schedule or Equivalent Plate material

Eye rod (CS Forged / Rolled Bar) IS 1875 CI-II/ITA / ASTM A 105 / IS 2062

Gr.A/B

Hanger Rod (CS) IS 1875 CI-IVTIA / ASTM A 105 / IS 2062
Gr.A/B

Turn Buckle IS 1875 CI-IVTIA, ASTM A 105 for sizés <

M30. For sizes > M30 these may be
fabricated type of equivalent material (refer

clause 2.8.)
Plates 5, 10, 12, 20, 25 mm etc. IS 2062 Gr.A/B.
Stud / Bolt for CS Clamps ASTM A 193 Gr.B7
Stud / Bolt for AS Clamps ASTM A 193 Gr.B16
Stud / Bolt for §S Clamps ASTM A 193 Gr.B8
Nuts for CS Clamps ASTM A 194 Gr.2H
Format No. 8-00-0001-F1 Rev. 0 " Copyright EIL ~ All rights reserved
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Nuts for AS Clamps ASTM A 194 Gr.7

Nuts for SS Clamps ASTM A 194 Gr.8

Spring Coil BS 970 EN 42, 45-45A, 47, 50 Cr.v4, 51
Cr.Mo.V4, 52CrMoV4, 51CrV4, SUPT (JIS
G 4801) 1S-4454 P2-Gr.FD-SiCr, BS EN
10089 GR.5ICRV4, BS EN 102702 FD
SiCr, A229/A689 Gr. G6150, IS-4454-Part 1
Gr. SH to be used up to 40 mm coil dia. only.

Casing IS 1239-1 (Medium) / IS 2062 Gr. A, 5.00
mm thk. (Min.) / API 5L Gr. A/B ERW, 5.00
mm (Min.) / IS 3589 Gr. 330 ERW, 5.00 mm
(Min.)

Name Plate S8/ Aluminum

Load Indicator 5SS/ Aluminum

Welding Electrode IS 814

Other Bolts / Nuts IS 1367 CL 4.6/ 1S 1367 CL 4.0

Roller / Ball arrangement 55304 /316 /SAE 52100

(Note —'4) _

Notes

221

222

223

224

225

23

to the axis of the spring.

1 In case of Alloy Steel Clamps Supplier can alternately supply S5 Clamps.

2. Lug material for both pipe side & structure side attachments

3. Lug material for pipe side attachment.

4 Balls shall be provided in a semi encapsulated type enclnmre with separators
for each ball. The balls shall be protruding above the enclosure so that the
pipe support plate rests on the balls & the balls remain at the same location
and move on their axis in case of movement of pipe. Sliding of balls in case of

pipe movement is not acceptable.

Design & Manufacturing Requirements. -

Design & manufacture of Hot coiled helical compression spring shall be to BS 1726, Part
1/ MSS-SP-58 & ASTM A 125. All requirements of the specification must be met.

Unless otherwise stated all joints shall be of welded construction and shall be in
accordance with IS 816 / ASME Sec IX.

All weld sizes shall be 6 mm or 0.8 times the thickness of metal (whichever is more) to be
comnected.

All bolt holes shall be minimum 2 mm larger than the bolt dia.

All threads shall be metric type to IS 4218 — Standard Coarse Pitch, alternatively 1SO
Metric threads may be employed.

spnngsshal]bemﬂed,ensurmglhntthewﬂsmunﬂmmlgspacedmﬂmpamllel
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2.6

2.7

I-E

29

1.10

.11

2.13

The springs shall have their ends ground flat and smooth at right angles to the axes of the
springs over the full circumference so that they stand perpendicular when placed on a
horizontal plane.

All springs shall be enclosed in a robust casing of specified material with two 6 mm dia
holes or equivalent at lowest point 180 deg apart for drainage.

The entire spring assembly including attachments & preset locking device shall be
designed for 2 times the service load or the hydro test load whichever is higher and shall
be of the nut-bolt type for variable spring assemblies and pin type for constant spring
assemblies. The springs shall also have suitable features so that they can be locked in any
position within the range of load capacity of the hangers.

Each spring shall be factory preset to the load as per the approved vendor drawing.

All springs shall be supplied with lengths as specified in the MR. Deviation in lengths is
not acceptable. Each Can type spring shall also be provided with a means of adjusting the
installed length by a minimum of 25 mm. Rod and turnbuckle assembly shall be designed
for +/- 50 mm adjustmeni over the specified length of spring support assembly.
Tumnbuckles shall be made from forged material for sizes up to M30 and for sizes above
M30 they can be forged type or machined from rolled bar or fabricated type. In case of
Can type springs, if required, the specified height may be achieved with the suitable
attachments like stools, structural arrangements by the Spring vendor.

All springs shall have an affixed load and travel plate on which hot and cold positions are
clearly marked. The load on the spring at any instant shall be indicated by an integral
pointer on a load position plate. Pointers or scales shall be provided on at least two sides
of sprine to ensure readability from the platform.

All hanger type spring assemblies shall allow minimum 4 Deg. Horizontal movement of
pipe in any direction. For both hanger & can type springs, vendor to ensure that the spring
will be suitable for the horizontal movement specified in the spring schedule. Variable
springs shall have max 15% load variation on operating load unless otherwise specified.
However for constant springs deviation from specified load shall not exceed 5%. Supplier
may offer springs with lesser % load variation than specified above. The value of spring
constant if specified is the maximum value spring can have. Supplier may offer springs
with up to 6% lesser spring constant but not vice versa. Where both preset load & spring
constant are specified in MR, the same shall be complied irrespective of maximum %
load variation.

If both upward and downward travel are mentioned in spring schedule, springs shall be
designed accordingly considering travel in both upward and downward directions.

All springs shall be provided with a means of positively and firmly locking the piston
plate for hydrostatic testing of the pipe.

Teflon / Graphite pads for reducing lateral frictional force shall be provided when
specified in the requisition. Wherever temperature is greater than 204°C, only graphite
pad shall be used. Thickness of Teflon / Graphite pads shall be minimum 10 mm / 12.7
mm respectively. Retainer plate of 8 mm / 10 mm thickness respectively shall be welded
around the pads so that the pads are projected minimum 2 mm above the retainer plates. It
must be ensured that the low friction material is bonded with the steel base plate and
remains in place at the specified load conditions by using suitable adhesives, Adhesives
used for pads should be capable of withstanding the line temperatures. Additionally two
or mope countersunk screws may also be installed to avoid dislocation in case of Graphite

__pads.
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4.4

4.5

The hanger support, except for the spring shall be designed with a safety factor of 5.

All Constant & Variable spring supports weighing more than 45 Kg. shall be provided
with lifting lugs.

All spring coils shall be neoprene or polyeurethane coated to prevent corrosion.
Alternatively, equivalent or superior coating of spring coil is also acceptable. However,
corrosion protection of spring through electroplating is not acceptable.

All Alloy Steel Springs shall be shot-peened.

Springs with free height to mean diameter ratio of more than 4 shall not be used without
external guiding arrangements.

Drawing showing arrangement of spring hangers shall be considered for overall guidance.
The individual components shall be designed by the Supplier to meet the requirements of
the requisition.

Protection shield, if indicated in support arrangement drawings, shall be under the
supplier’s scope of supply.

PAINTING & GALVANIZING:

The spring support shall be thoroughly scrapped and Wire brushed on all surfaces to
remove dust, mill scales etc. All external & internal surfaces other than spring shall be
given two coats of Zinc Chromate Red Oxide Primer to [S-2074 followed by intermediate
paint of 2 coats of Epoxy-High Build coating cured by polyamide hardener @ 100
microns DFT/coatand finish paint of | coat of Acrylic Polyurethane @ 40 microns
DFT/coat. Total DFT of the coating system shall be 300 microns minimum. All threaded
parts / components shall be galvanized to ASTM A153 / A123 / IS-1573 / 1S-1367, Part
XL

DOCUMENTATION

All document submissions to EIL shall be through EIL eDMS (electronic Document
Management System)

After placement of order and before commencement of manufacturing, Supplier shall
obtain approval on design calculations and detailed dimension drawings complete with
material for different parts only if specified in the material requisition. The detailed
dimensional drawing submitted by supplier shall also include individual spring assembly
weight. Vendor shall submit drawings unit wise for approval.

Material test certificates (physical properties) report, Heat treatment report (wherever
specified or required as per code) and chemical composition shall be furnished for all
materials other than coil. For coil material, chemical composition load travel, cramp test
certificate shall also be furnished.

Test reports for each spring for all mandatory tests and other supplementary tests as
specified in the requisition shall be submitted.

Final Documents to be provided, in addition to submission through eDMS, along with

delivery of the springs.
- 2 Hard Copies and 2 Pen drives of As Built drawings of spring assemblies.
- 2 Copies and 2 Pen drive of Catalogues, Operation Manual & Installation Procedure.
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5.0 TESTING & INSPECTION

31 Testing of springs shall be as per B5-1726 Part 1.

52 A compression test shall be made by pressing the spring solid at least three times in
succession. The spring should thereafter conform to dimensional requiremens.

53 A cramp test shall be made by holding the spring compressed to the minimum working
compressed length for a period of not less than 12 hours with full load, The spring shall
show a reduction of not more than 5% in its free length.

5.4 The manufacturer shall conduct tests to establish the spring rate, and the measurement
shall be carried out within 30% to 70% of the maximum travel of the spring (free height
minus solid height). The actual load test shall be conducted on the spring supports in the
final assembled condition and shall be witnessed by the purchaser’s representative.

5.5 All alloy steel springs shall be examined by magnetic particle method.

5.6 Refer Specification no 6-81-0137 for ‘Inspection & Test Plan for Spring Support
Assemblies’.

6.0 MARKING AND DESPATCH

6.1 In addition to standard marking /stenciling, eéach spring support shall be marked with MR
number and Spring Number / Tag Mumber by etching or punching on the casing or on a
S5/Aluminum tag attached firmly to the support.

Hangers shall be ussembled to the degree practical, taking into account shipping and
handling limitations,Items separated from the original assembly shall be properly tagged
and marked in the packing list clearly as “loose”.

6.2 All items shall be dry, clean and free from moisture, dirt & loose foreign material of any
kind.

6.3 All items shall be properly packed in Wooden boxes / Crates and shall be protected - from
rust, corrosion and mechanical damage during transportation, shipment & storage.

7.0 REFERENCES
3-1643-0717: Spring Schedule
3-1643-0717A: Spring Schedule (Spring Support Types)

6-81-0137 ; Inspection and Test Plan for Spring Support Assemblies
6-78-0001 : Specification for Quality Management System Reguirements from
Bidders
6-T8-0003: Specification for documentation requirements from suppliers
Femal No. 8-00-0001-F1 Rev. 0 Copyright EIL - All rights resernved
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Abbreviations:
AC Alternating Current
AJB Anode Junction Box
BS British Standards
BIS Bureau of Indian Standards
CEA Central Electricity Authority
CIMFR Central Institute of Mines and Fuel Research
CIB Cathode Junction Box
CP Cathodic Protection
CPPSM Cathodic Protection Power Supply Module
CPTR Cathodic Protection Transformer Rectifier
CTE Coal tar enamel
Cuw/CuSO4 Copper/Copper Sulphate
DC Direct Current
ERTL Electronics Regional Testing Laboratory
FBE Fusion Bonding Epoxy
HV High Voltage
HMWPE High Molecular Weight Poly Ethelene
IS Indian Standards
pAfmm? Micro-ampere per square millimeter
mA/mm? Milli-ampere per square millimeter
MMO Mixed Metal Oxide
NACE National Association of Corrosion Engineers
PDB Power Distribution Board
PE Polyethylene
PVC Polyvinyl Chloride
RMU Remaote Monitoring Unit
TSP Tank to Sand Potential
VDR Vendor Data Requirement
SMMS Standards Committee
Convenor: br. Rajesh Chitara

Members:

Ms. Nivedita S Bhattacharyva

Mr. Samiran Das

Mr. P. Thirupathi Reddy

Mr, M.S. Gunjiyal (Pipeline Projects)
Dr. Sudip paul (Structural)

Mr. Brij Raj Meena (Projects)

Mr. Rajesh Sinha(Inspection)
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Lo SCOPE
This specification covers the philosophy to be adopted for the design and engineering of the
cathodic protection system for the Tank bottom plate (external surface) including corrosion
survey of the electrolyte (sand).

2.0 APPLICABLE CODES AND STANDARDS

2.1 The system design, performance and materials to be supplied shall conform to the requirements
of the latest revision of following standards as a minimum:

i} NACE : SP0193-2016, External Cathodic Protection of On-Grade
Carbon Steel Storage Tank Bottom

i) BsS - EN 16289:2016, Cathodic Protection of External Surface of
Above Ground Storage Tank Bases in Contact with Soil or
Foundations

iii} VDE : 0150, protection against corrosion due to stray

currents from DC installations.

iv) IS/ IEC: 60079 : Electrical Apparatus for Explosive Gas Atmosphere

v) IS/ IEC: 60529 : Classification of Degree of Protection Provided by
Enclosures

vi) OISD-GDN-180:; Lightning Protection

22 The equipment shall also confirm the provisions of CEA regulations and other statutory
repulations currently in foree in the country.

2.3 In case of imported equipments, standards of the country of origin shall be applicable if these
standards are equivalent or stringent than the applicable Indian standards.

2.4  In case of any contradiction between various referred standards/ specifications/ data sheet and
statutory regulations, the most stringent requirement shall prevail and Owner’s/EIL"s decision
in this regard shall be final and binding.

.0 SYSTEM IMPLEMENTATION

All work to be performed and supplics to be effected as a part of CP system shall require specific
review by Owner or his authorized representative. Major activities requiring review shall
include but not be limited to those mentioned in vendor data requirement (VDR form attached
with MR/Tender.
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4.0 CORROSION SURVEY
4.1 General

4.1.1  The corrosion survey includes the measurement of sand resistivity survey and chemical analysis
for design of CP system which shall be carried out by Contractor. The corrosion survey shall
also include collection of additional data as required for completeness of the job.

412 To carry out sand resistivity measurement, Wenner's 4-pin method or an equivalent soil/sand
box method approved by Owner/ Owner’s representative shall be used. Survey instruments shall
have maximum AC and DC ground current rejection feature.

4.1.3  Care shall be taken to ensure that the resistivity readings are not influenced by the presence of
foreign structures/piping, and earth currents (if any) etc.

4.2 Report

On completion of all field work, a report incorporating all the results generated from surveys
and details of additional data collected (e.g. nearby structures, details of hazardous area
classification, location proposed for CPTR units, power source details etc.) shall be prepared.
The report shall also contain detailed interpretation of survey results and resistivity data, to form
a design basis for cathodic protection. This report shall also include various drawings prepared
in connection with the above work. Soil resistivity values shall be plotted on semi-log graph
sheets.

5.0 CATHODIC PROTECTION DESIGN PARAMETERS

A distinctly independent impressed current cathodic protection system shall be provided to
protect the external surfaces of the Tank bottom plates as specified.

Unless otherwise stated in the data sheets, the following parameters shall be used for design of
permanent cathodic protection system:

5.1 Protection Current Density Range ] 10-30 mA/m2
(at 25 °C operating lemperature)

52 If operating temperatures of Bullet excecd 25 deg. C. protective current density shall be
corrected (@ 0.5mA/ m2/ deg. C.

5.3 Sand resistivity : 200 Ohm-m
5.4 Tank plate natural potential ; (<} 0.45 V {w.r.t. Cu/CuSO4 ref. cell)
55 Anode : Ti-MMO wire anode
5.6 Current capacity of anode ¢ 30 mA/m (for design purpose)
5.7 Design life of CP svatem ; 30 vears, unless specified eisewhere
Format No, B-00-0001F1 Rev. 0 Capyright EIL — Al rights reserved
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58  Anode ground bed loop resistance : 1 Ohm (max.)
including anode to ground resistance,
anode end cathode cable resistances

59 Scheme for Cathodic Protection System of 2 Tank bottom plate (external surface)

5.9.1 Each Tank bottom plate CP system shall be independent and exclusive. The scheme defined
below shall be applicable.

592 Impressed Current Cathodic Protection (CP) System shall be provided for sand side corrosion
prevention of Tank bottom plate.

593 Anodes employed for CP System of Tanks shall be mixed metal oxide coated on tilanium wire
anode, pigeyback connected with anode lead cable, factory pre-packed with coke breeze,

594 The anode strings shall be located under the Tank in sand bed. Specific installation requirements
of String Anode shall be as follows:

»  Anode strings shall be distributed in loops shall be installed in the sand cushion under the
tank at a separation distance of 1000mm from the Tank bottom external surface.

= Separation distance between consecutive String anode strings shall be uniform and shall be
maximum 1000 mm.

e Two consecutive anode strings shall form a continuous loop.

¢ Two consecutive anode loops be connected to different AJBs located opposite-along the
Tank centreline.

« The above anode distribution is based on the assumption that temperate of the sand at
1000mm distance from tank bottom external surface shall be below 75 deg.C

595 Highest of number/length of anodes calculated as per design parameters defined under clause
5.1 to 5.8 and that worked out as per clause 5.9.4 shall be provided.

59.6 Free ends of cach string anode shall be terminated to AJB.

5.9.7 Cathodic Protection Transformer-Rectifier unit (CPTR Unit) of suitable rating (25V/25A or
SOV/SDA or 7SV/TSA) shall be installed to energize the anode strings for Vessels,

5.9.8 CPTR Unit shall have two outgoing positive header cables, which shall be terminated to 2 nos.
AJBs to be installed on opposite sides of the Tank along its diameter.

599 CPTR Unit shall have one out going negative header cable, which shall be connected cathode
junction box cum test stations {CJB) located at Tank for the drainage connection and potential
measurement.

5.9.10 Two drainage cables and two incasurcment cables from cach Tank shall be terminated to its
CIB.
Foemat Mo B-00-0001-F1 Rav. 0 Copyright EIL — All rights reserved
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5.9.11 Minimum 3 no.s Cu/CuSC4 Permanent Reference cells shall be provided for each Tank which
shall be able to measure the complete potential profile of the Tank,

5.9.12 Power supply for the CPTR Unit shall be drawn from the nearest Substation,

59.13 The reference cell cables and the messurement cables from cach Tank shall be routed through
the respective Monitoring Junction Box (MJB),

5.9.14 If required, a MJB may be integrated with CIB and a single/composite Cathode junction box
cum Reference cell junction box (CRJB) may be provided.

5.9.15 The CPTR unit shall preferably have the built-in RMU module. In case RMU is not integral part
of CPTR unit, then a separate RMU panel may be provided and both the equipments (CPTR
Unit and RMLI) shall be connected with communication cables for status monitoring and control
purpose,

5.9.16 For monitoring of Tank to sand potentials, monitoring cables of reference cells shall be laid
between MJB and CPTR unit & RMU. For CPTR unit at least three reference cells shall be
connected and for RMU all the Reference cell cables shall be connected.

5917 All Cable laying shall be done on existing cable route which shall be overhead cable trays/ cable
trenches wherever possible. Underground Cable laying in paved/ unpaved areas shall be done
through RCC trench/directly buried trenches respectively, wherever overhead cable trays/ cable
trenches are not available.

5.9.18 Connection of drainage cables and measurement cables to the Tank shall be done by Thermit
welding.

5.9.19 Minimum 3 no’s of perforated HDPE pipes under the Tank shall be installed for measuring
potential using portable reference cells, The HDPE pipes shall be installed at 120° apart from
each other. The HDPE pipe shall be covered with geotextile cloth and shall be of 75mm
diameter, slotted of 50 mm (2 inch) in length 0.15 mm width, 4 kg/cm2 pressure rating, sealed
at one end. These HDPE pipes shall be installed perpendicular to each other and at a separation
of 300mm from the tank bottom surface.

6.0 CATHODIC PROTECTION DESIGN CRITERIA
Cathodic protection system shall be designed to meet the following eriteria;

6.1 The Tank to Sand Patential (TSP} measurements shall be between (-) 0.85V (OFF} and (-
} 1.20V (OFF) with respect to a copper/copper sulphate reference electrode.

6.2 A minimum polarization shift of (-) 100 millivolts can be accepted as an adeguate level of
cathodic protection for the Tank with the approval of Owner in exceptional cases. Discretion to
use any of the criteria shall solely rest with owner/owner's representative.

6.3 A positive potential swing of 50 millivolts or more shall be considered sufficient to indicate the
presence of an interaction/ interference situation requiring investigation and incorporation of
mitigation measures by the Contractor.
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7.0 SYSTEM DETAILS

7.1 The system shall include the following major equipment’ sub-systems unless otherwise
specified in project specifications:

- Power Distribution Board

- CPTR units.

- Remote monitoring unit
MMO Anodes

- Anode junction box

- Cathode junction box

- Measurement Junction box

- Permanent reference cells

- {ables

7.2 All equipment shall be new and procured from EIL approved manufacturers, Equipment offered
shall be field proven. Equipment requiring specialized maintenance or operation shall be
avoided as far as possible. Prototype equipment shall not be accepted.

7.3  All equipment/ materials shall conform to the relevant specifications included in the tender
document,

7.4 The CPTR unit and RMU etc. shall be located in safe non-hazardous areas, However all junction
boxes shall be flame proof, Temperature class T3 (min.) & suitable for Gas Group specified in
datasheet.

7.5  The electrical and electronic equipments installed in hazardous area shall be flame proof type
and shall meet the requirements as per 1S/ IEC: 60079 and shall be weather proof [P-65 as per
IS/TEC:60529.

7.6 Hazardous area certificate from CIMFR or equivalent test house of country of origin, applicable
PESO approval certificate, BIS license and original drawings referred in type test certificate
shall be shown to the Inspection agency during inspection. The Certificate and BIS license must
be valid at the time of dispatch.

7.7 Power Distribution Board
Power Distribution board (PDB) shall be provided incase multiple CPTR units are envisaged.

PDB shall be fed through | no. 415V£10%, 50Hz:3% TPN feeder from Owner’s substation
and shall have required no. of outgoing feeder rated for 240V, SPN or 415V, TPN feeders.

7.8 CP Transformer Rectifier Unit

The Cathodic Protection Transformer Rectifier Unit (CPTR unit) shall confirm to the
requirements mentioned in datasheet and shall be installed in non-hazardous area as specified
in data sheets,
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79 Anode Beds/Loops

Anodes shall be supplied complete with tail cables, which shall be long enough for lermination
on their associated anode lead junction boxes without intermediate joints. Exact lengths and
termination details shall be indicated in construction drawings.

Potential gradient around the anodes shall be within safety requirements with regard to
interference on foreign structures and its effective boundary shall be defined.

7.0 MMO Anodes

Anocdes shall be mixed metal oxide coated titanium wire anodes. The MMO wire anodes shall
be piggyback connected with anode lead cable, factory pre-packed with coke breeze. The detail
specification shall be as mentioned in data sheet,

711 Anode Junction Box

All cable wmils from individual anodes shall be terminated onto the respeetive anode junction
boxes, which shall be further connected to the positive cable coming from CP power source.
Fach anode circuit in junction shall have provision for measurement and control of individual
circuit/anode current through variable resistors, shunts and links of suitable ratings.

7.12 Cathode Junction Box

Cathode junetion box shall be provided near the Tank for connection of the negative drainage
cables to the Tank. The negative of the CP power source shall be connected to the incoming
circuit of the cathode junction box.

The incoming circuit and each out going circuits shall have provision for measurement and
control of current through variable resistors, shunts and links of suitable ratings.

7.13  Monitoring Junction Box

All the reference cells provided under the Tank shall be connected to monitoring junction boxes.
Measurement and control cables from monitoring junction box shall be connected to CPTR unit
and RMU unit

7.14  Permanent Reference Cells

Linless otherwise agreed, High purity copper/copper sulphate reference cells with proven high
reliability shall be provided for stable Tank to sand potential measurement,

7.15  Cables

T.15.1. All the Power Cables i.e. Cahles from Power feeder to PDB, PDB to CPTR Unit, PDB to RML!
unit, and Positive/Negative Header cables shall be with annealed high conductivity stranded
coppet conductor, P'VC insulated, 650/1100 ¥V grade, armoured, PVC sheathed conforming to
IS 1554 pari-1.
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STANDARD SPECIFICATION NO.

7.15.2. Anode lead cable shall be of 1CX16mm2 stranded copper conductor, 7 strands, insulated (Refer
Sr. no. 1 or Sr. no. 2 of Table-1), unarmoured, with a double insulation system. The primary
insufation shall be 0.04 inch thick irradiated cross-linked polyvinylidene floride (PVDF) or
Ethylene Chiorotrifloroethylene (ECTFE) 1100 Volt grade. The secondary insulation shall be
(1065 inch thick HMWPE (Refer Sr. no. 3 of Table-1) sheathing jacket over the primary

insulation.
Table-1
Sr no. Insulation type Insulation Specification®
Tensile Break Streangth | 4500 PSI (min)
polyvinylidene floride | Break Elongation 0%
1. | (PVDF) Irradiation cross Flexural Strength 8600 PSI (min)
linked Resistivity 2X10" (min)
Dielectric Constant 8 (min) at 100Hz
Ethylene Tensile Break ‘Sh'cmgth 6500 PSI (min)
: Break Elongation 100%
2. | Chlorotrifloroethylene Resistivi X107 (mi
(ECTFE) SISV R )
Dielectric Constant 2.5 {min) at IMHz
Color Black
High Density Molecular Density 0.941 gm/cm’
3. | Weight Polyethylene ASTM D1248, Type 3, Class C, Category 5 or [EC
{HMWFE) 60502-1
Temperature rating ] a0

* Standard Test Method ASTM D638 shall be used to determine the tensile strength, Flexural
Strength and Break Elongation. For the resistivity and dielectric contant tests, standard test
methods ASTM D257and ASTM D150 shall be utilized.

7.15.3. The cables for reference cells, potential measurements shall be of copper conductor, HMWPE
insulated, Aluminium backed by mylar/ polyster tape shielded, HMWPE sheathed, armoured,
HMWPE over all sheathed type.
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Abbreviations:
AC Alternating Current
AlB Anode Junction Box
BS British Standards
BIS Bureau of Indian Standards
CEA Central Electricity Authority
CIMFR Central Institute of Mines and Fuel Research
CIB Cathode Junction Box
cp Cathodic Protection
CPPSM Cathodic Protection Power Supply Module
CPFTR Cathodic Protection Transformer Rectifier
CTE Coal tar enamel
Cu/CuS04 Copper/Copper Sulphate
DC Direct Current
ERTL Electronics Regional Testing Laboratory
FBE Fusion Bonding Epoxy
HV High Voltage
HMWFE High Molecular Weight Poly Ethylene
IS Indian Standards
pA/mm? Micro-ampere per square millimeter
mA/mm? Milli-ampere per square millimeter
MMO Mixed Metal Oxide
NACE Mational Association of Corrosion Engineers
FDB Power Distribution Board
PE Polyethylene
PVC Polyvinyl Chloride
RMU Remote Monitoring Unit
VDR Vendor Data Requirement
VSP Wessel to Sand Potential
SMMS Standards Committee

Convenor: Mr. Rajesh Chitara

Members: Ms. Nivedita S Bhattacharyya
Mr. Samiran Das
Mr. P. Thirupathi Reddy
Mr. M.S. Gunjival (Pipeline Projects)
Dir. Sudip paul (Structural)
Mr. Brij Raj Meena (Projects)
M, Rajesh Sinha(Inspection)
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1.0

2.0

2.1

2.2

24

3.0

SCOPE

This specification covers the philosophy to be adopted for the design and engineering of the
cathodic protection system for the underground Vessels (external surface) including corrosion
survey of the electrolyte (sand).

APPLICABLE CODES AND STANDARDS

The system design, performance and materials to be supplied shall conform to the requirements
of the latest revision of following standards as & minimum:

i) NACE i 5P-0285 Corrosion Control of Underground Storage
Tank Systems by Cathodic Protection

i) BS ; EN 13636:2004, Cathodic Protection of Buried
Metallic Tanks and Related Piping

1ii) VDE : (150, protection against corrosion due to stray
currents from DC installations,

iv) IS/ IEC: 60079 : Electrical Apparatus for Explosive Gas Atmosphere

v) IS/ IEC: 60529 : Classification of Degree of Protection Provided by
Enclosures

vi)  OISD-GDN-180 : Lightning Protection

The equipment shall also confirn the provisions of CEA regulations and other statutory
regulations currently in force in the country,

In gase of imported equipments, standards of the country of origin shall be applicable if these
standards are equivalent or stringent than the applicable Indian standards.

In case of any contradiction hetween various referred standards/ specifications/ data sheet and
statutary regulations, the most stringent requirement shall prevail and Owner’s/EIL"s decision
in this regard shall be final and binding.

SYSTEM IMPLEMENTATION

All work to be performed and supplies to be effected as a part of CP system shall require specific
review by Owner or his authorized representative. Major acfivities requiring review shall
include but not be limited to those mentioned in vendor data requirement {VDR) form attached
with MR/Tender.
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4.0 CORROSION SURVEY
4.1 Genernl

4.1.1 The corrosion survey includes the measurement of sand resistivity survey and chemical analysis
for design of CP system which shall be carried out by Contractor. The corrosion survey shall
also include collection of additional data as required for completeness of the job.

4.12 To carry out sand resistivity measurement, Wenner's 4-pin method or an equivalent soil/ sand
box method approved by Owner/ Owner’s representative shall be used. Survey instruments shall
have maximum AC and DC ground current rejection feature.

4.1.3  Care shall be taken to ensure that the resistivity readings are not influenced by the presence of
foreign structures/piping, and earth currents (il any) etc.

4.2 Report

On completion of all field work, a report incorporating all the results generated from surveys
and details of additional data collected (e.g. nearby structures, details of hazardous area
classification, location proposed for CPTR units, power source details etc.) shall be prepared.
‘The report shall also contain detailed interpretation of survey results and resistivity data, to form
& design basis for cathodic protection, This report shall also include various drawings prepared
in connection with the shove work. Soil resistivity values shall be plotted on semi-log graph
sheets.

5.0 CATHODIC PROTECTION DESIGN PARAMETERS

A distinetly independent impressed current cathodic protection system ghall be provided o
protect the external surfaces the underground Vessel as specified.

Unless otherwise stated in the data sheets, the following parameters shall be used for design of
permanent cathodic protection system:

£ | Protection Current Density Range : 10-30 mA/m2
{at 25 °C operating temperature)

5.2 If operating temperatures of Bullet exceed 25 deg. C, protective current density shall be
corrected (@ 0.5mAS m2f deg. C.

5.3 Sand resistivity - 200 Ohm-m

54 Vessel natural potential : (=) 0.45 V (w.rt. Cw/CuS0O4 ref. cell)

55  Anode - MMO wire anode

5.6 Current capacity of anode t 30 mA/m

57 Design life of CP system : 30 years, unless specified elsewhere
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58 Anode ground bed loop resistance : 1 Ohm {max.}

including anode to ground resistance,
anode and cathode cable resistances

59  Scheme for Cathodic Protection System of a Vessel

5.9.1 [Each Vessel’s CP system shall be independent and exclusive. The scheme defined below shall
be applicable.

5.9.2 Impressed Current Cathodic Protection (CP) System shall be provided for sand side corrosion
prevention of Vessel external surface.

593 Anodes employed for CP System of vessels shall be mixed metal oxide coated on titanium wire
anode, piggyback connected with anode lead cable, factory pre-packed with coke breeze.

5894 Theanode strings shall be located around the Vessel. Specific installation requirements of String
Anode shall be as follows:

= Anode strings shall be distributed in loops and shall be nstalled in the sand cushion
surrounding the Vessel al a separation distance of 1000mm from the Vessel surface,

* Separation distance between consecutive String anode loops (vertical separation) shall be
uniform and shall be limited to maximum 1000 mm.

« Two consecutive anode loops shall be connected to different AJBs located oppasite-along
the Vessel centreline.

* The above anode distribution is based on the assumption that temperature of the sand in pit
at 1000mm distance from Vessel surface shall be below 75 deg.C

5.9.5 Highest of number/length of anodes calculated as per design parameters defined under clause
5.1 to 5.8 and that worked out as per clause 5.9.4 shall be provided.

5.9.6 Free ends of each string anode shall be terminated to AJB through loop connection.

5.9.7 Cathodic Protection Transformer-Rectifier unit (CPTR Unit) of suitable rating (25V/25A or
S0V/50A or 7T5V/75A) shall be installed to energize the anode strings for Vessels,

5.9.8 CPTR Unit shall have two outgoing positive header cables, which shall be terminated to 2 nos.
AJBs to be installed on opposite sides of the Vessel along its Centerline (TL-TL).

5.9.9 CPTR Unit shall have one out going negative header cable, which shall be connected to cathode
junction box (CIB) located near Vessel for the drainage connection and potential measurement.

5.9.10 Two drainage cables and two measurement cables from each vessel shall be terminated to its
CIB.
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5.9.11 Minimum 5 no.s Cu/CuSO; Permanent Reference cells shall be provided for each vessel which
shall be able to measure the complete potential profile of the Vessel.

5.9.12 Power supply for the CFTR Unit shall be drawn from the nearest Substation.

5.49.13 ‘I'he refarence cell cables and the measurement cables from each Vessel shall be routed through
the respective Monitoring Junction Box (MJB).

5.9.14 If required, u MJB may be integrated with CJB and a single/composite Cathode junction box
cum Reference cell junction box (CRIB) may be provided,

59,15 The CPTR unit shall preferably have the built-in RMU module. in case RMU is not integral part
of CPTR unit, then a separate RMU panel may be provided and both the equipments (CPTR
Unit and RMU) shall be conneeted with communication cables for status monitoring and control
purpose.

5.9.16 For monitoring of Vessel to sand potentials, monitoring cables of reference cells shall be laid
berween MJB and CPTR unit & RMLU, For CPTR unit at least three reference cells shall be
connected and for RMU all the Reference cell cables shall be connected,

5.9.17 All Cable laying shall be done on existing cable route which shall be overhead cable trays/ cable
trenches wherever possible. Underground Cable laying in paved/ unpaved areas shall be done
through RCC trench/directly buried trenches respectively, wherever overhead cable trays/ cable
trenches are not available.

5.9.18 Connection of drainage cables and measurement cables to the Vessel shall be done by Thennit
welding.

5919 Minimum 3 no's of perforated HDPE pipes surrounding the Vessel shall be installed for
measuring potential using portable reference cells. The HDPE pipe shall be covered with
gentextile cloth and shall be of 7T5mm diameter, slotted of 50 mum (2 inch) in length 0.15 mimn
width, 4 kg/cm? pressure rating, sealed at one end.

6.0 CATHODIC PROTECTION DESIGN CRITERIA
Cathodic protection system shall be designed to meet the following criteria:

6.1 The Vessel to sand potential (VSP) measurements shall be between (-) 0.85V (OFT") and
(-) 1.20¥ (OFF) with respect to a Cu/CuS04 reference electrode,

6.2 A minimum polarization shift of (-) 100 millivolts can be accepted as an adequate level of
cathodic protection for the Vessel with the approval of Owner in exceptional cases. Discretion
to use any of the criteria shall solely rest with ownerfowner's represeéntative,

6.3 A positive potential swing of 50 millivolts or more shall be considered sufficient o indicate the
presence of an interaction/ interference situation requiring mvestigation and incorporation of
mitigation measures,
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7.0  CATHODIC PROTECTION EQUIFMENTS

7.1 The system shall include the following major equipment/ sub-systems unless otherwise
specified in project specifications:

- Power Distribution Board
-  CPTR units.

- Remote monitoring unit

- MMO Anodes

- Anode junction box

- Cathode junction box

- Measurement Junction box
- Permanent reference cells
= Cables

72 All equipment shal] be new and procured from EIL approved manufacturers. Equipment offered
shall be field proven. Equipment requiring specialized maintenance or operation shall be
avoided as far as possible. Prototype equipment shall not be accepted,

7.3 All equipment! materials shall conform to the relevant specifications included in the tender
document,

74 The CPTR unit end RMU etc. shall be located in safe non-hazardous areas. However all junction
: boxes shall be flame proof, Temperature class T3 (min.) & suitable for Gas Group specified in
datasheet.

7.5  The electrical and electronic equipments installed in hazardous area shall be flame proof type
and shall meet the requirements as per IS/ [EC: 60079 and shall be weather proof IP-65 as per
IS/AEC:60528,

7.6  Hazardous area certificate from CIMFR or equivalent test house of country of origin, applicable
PESO approval certificate, BIS license and original drawings referred in type test certificate
shall be shown to the Inspection agency during inspection. The Certificate and BIS license must
be valid at the time of dispatch.

L

7.7 Power Distribution Board

Power Distribution board (PDB) shall be provided incase multiple CPTR units are envisaged.
FDB shall be fed through | no. 415VL10%, 50Hz:3% TPN feeder from Owner’s substation
and shall have required no. of outgoing feeder rated for 240V, SPN or 415V, TPN feeders.

7.8 CP Transformer Rectifier Unit
The Cathodic Protection Transformer Rectifier Unit (CPTR unit) shall confirm to the

requirements mentioned in datasheet and shall be installed in non-hazardous area as specified
in data sheets.
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7.9 Anode Beds/ Loops

Anodes shall be supplied complete with tail cables, which shall be long enough for termination
on their associated anode lead junction boxes without intermediate joints. Exact lengths and
termination details shall be indicated in construction drawings.

Potential gradient around the anodes shall be within safety requirements with regard to
interference on foreign structures and its effective boundary shall be defined.

710 MMO Anodes

Anodes shall be mixed metal oxide coated titanium wire anodes. The MMO wire anodes shall
be pigayvback connected with anode lead cable, factory pre-packed with coke breeze. The detail
specification shall be as mentioned in data sheet.

711  Anode Junction Box

All cable tails from individual anodes shall be terminated onto the respective anode junction
boxes, which shall be further connected to the positive cable coming from CP power source,
Each anode circuit in junetion shall have provision for measurement and control of individual
circuit/anode current through varigble resistors, shunts and links of suitable ratings,

T7.12  Cathode Junction Box

Cathode junction box shall be provided near the Vessel for connection of the negative drainage
cables to the Vessel. The negative of the CP power source shall be connected to the incoming
eireuil of the cathode junction box.

The incoming circuit and cach out going circuits shall have provision tor measuroment and
control of current through variable resistors, shunts and links of suitable ratings.

713 Monitoring Juncition Box

All the reference cells provided around the Vessel shall be connected to monitoring junction
boxes. Measurement and control cables from monitoring junction hox shall be connected to
CPTR unit and RMU unit,

714  Permanent Reference Cells

Unless otherwise agreed, High purity copper/ copper sulphate reference cells with proven high
relizbility shall be provided for stable Vessel to sand potential measurement,

7.15  Cables

7.15.1. All the Power Cables i.¢. Cables from Power teeder to PDB, PDB to CPTR Unit, PDB to RMU
unit, and Positive/ Negative Header cables shall be with annealed high conductivity stranded
copper conductor, PVC insulated, 650/ 100 V grade, armovred, PVC sheathed conforming to
IS 1554 purl-l.
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7.15.2. Anode lead cable shall be of 1CX16 mm?® stranded copper conductor, 7 strands, insulated (Refir
Sr.no. 1 or Sr. no. 2 of Table-1), unarmoured, with a double insulation system, The primary
insulation shall be 0,04 inch thick irradiated cross-linked polyvinylidene floride (PVDF) or
Ethylene Chlorotrifloroethylene (ECTFE) 1100 Volt grade. The secondary insulation shall be
0.065 inch thick HMWPE (Refer Sr. no. 3 of Table-1) sheathing jacket over the primary

insulation,
Table-1
Sr no. Insulation type Insulation Specification™
Tensile Break Strength | 4500 PSI (min)
polyvinylidene floride Break Elongation 0%
I. | (PVDF) Irradiation cross Flexural Strength 8600 PSI (min)
linked Resistivity 2X10" (min)
Dielectric Constant 8 (min) at 100Hz
Eylee B g L0
2. | Chlorotrifloroethy lene Resistivi T
(ECTFE) Fmstlvfty 1X10 . (i)
Dielectric Constant 2.5 (min) at IMHz
Color Black
High Density Molecular Density 0.941 gm/cm’
3. | Weight Polyethylene ASTM D1248, Type 3, Class C, Category 5 or
(HMWPE) IEC 60502-1
Temperature rating | 90°C

* Standard Test Method ASTM D638 shall be used to determine the tensile strength, Flexural
Strength and Break Elongation. For the resistivity and dielectric constant tests, standard test
methods ASTM D257and ASTM D150 shall be utilized.

7.15.3, The cables for reference cells, potential measurements shall be of copper conductor, HMWPE
insulated, Aluminium backed by mylar/ polyester tape shielded, HMWPE sheathed, armoured,
HMWPE aver all sheathed type.
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3.0

4.1

OBJECTIYE

This procedure defines the methodology, requircments, responsibilities and equipment
required [or the Impressed Current Cathodie Protection Systetn Installation, Pre-
commissicning and Commissioming of the tank hottom plate to ensure CP conlractor conform
1w the speeifications and other applicable codes and standards

SCOPE

The scope of this document is to describe the procedures for typical requirement for wire
anode installation, Pre-commissioning and Commissioning of an Impressed Current Protection
System works for Tank bottom plates and provide adequate Quality Assurance / Control of
workmaiship and inspection at site. Pre-commissioning inspection and testing will be carried
out to conform satisfactory installalion works as per the project specitication design and
drawings.

The contraclor shall have all necessary consteuction cquipment, tools and tackle and testing
instruments to carry oul the ercetion works and to commission the system as speeified. These
gquipiment shall be brought to site by conlractor before start of work.

REFERENCES

iy Project Specification For CP system for Crude Tanks
iiy CP System Besign & Detail Caleulation Docoment for Tank Bottom Plates.
i} Overall CP Equipment and Cable Route Layout,

iv] NACE : RP-0I93 Ixterngl Calthodic Protection of on-grade carbon sicel
storage lank hottom

vi IS/IEC @ 60329 : Classilication of Degree of Proteclion Provided Iy
Enclosures

viy CISD-GIDN-| 80 : Lightning Protection

INSTALLATION

Prior to start of installation, contractor shall verify that equipment and complete materials have
becn recetved. landting, shifting to required sile location, installation, pre-comimissioning,
testing and commissioning shall be done by contractor with uimost care. Manufacturer's
instruclions and the requirements given in their techiical manual shall be strictly adhered. The
substationfcontrel room wherein the eguipment to be installed shall be clean, dry and free
from all debris. Care shall be taken to ohserve the correct lifting arrangements and to make
sure that the slings are attached to the mamifacturer’s designated litting points, where
applicable. No parts shall be subjected to unduc strains or sudden stresses which could cause
damage to the cquipment,

The lifting position mark indicated on packing casing shall be adhered (o stricily tor keeping it
itt required vertical position.

Cottractor shall check and report to the Enginecr-in-charge about any damaged item and/ or
trussing compenent and shall replace the same as per specilications. During installation, all
accessories and lpose items shall also be imspected by the contractor belore their
assembly/mounting,

Manufacturer checklist, manual for ercction, installation and any specific requircment for
equipment handling, installation and commissioning shall be strictly adhered (o,
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Following activities shall be done by contractor during varicous slages of installation

STAGE-L:

Making the cable tench for pre-packed Mixed Melal Oxide (MMO) wire anodes
considering the number of Strings as per design calculation.

i) Check continuity of anode and cable before installation in tank pad to ¢nsure healthiness.

ili) Laying of pre-packed Mixed Metal Oxide wire Anodes in Tank sand pad, one by one at
its Foll 1ength.

iv) Jointing of Pre-packed Mixed Metal Oxide wire Anodes end with connecting lead cable
by using Inling splice kits at front side of Tank as per Inline splice Kit jointing procedure.

v} Provide anode identification marks on anode lcad cable of each loops coming out from
tanks

STAGE-T]

i}  Making box type pocket tor Reference Cell, position as per requiretnent

i) Checking healthiness of Permanent Reference Cell before installation with respect to
calibrated Master Reference Cell.

i) Check continuity of reference cell cable before installation in tank pad to ensure
healthinass.

iv) Installation of Reference Cell (Cu-Cu%y} inside pocket and sand LGiling with layer by
layer compaction with wonden pallet.

v} Jainting of Reference Cell end with connecting reference lead cable by using jointing
Ferrule and sealing compound Lit.

vi) Provide reference cell identification mark on cable of each cell coming out from tanks.

vil)  Inscrt perforated pipe as per approved design and drawing

STAGE-I]

Activities which are to be pertormed outside the Tank sand pad foundation:

¥)

Installation of all junction boxes on a mounting frame in front of the Tank as per
approved design and drawing.

Termination & connection of all the cables in the junction boxes.

Installation of prounding cell {DC Decoupler) in enclosure & connecting the cables [fom
Tank to grounding cells.

Connection of the outzoing cable from (Grounding cell to the earthing prid.

Installation of TRU panels.
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vi)

TR-LUnit connection of all incoming & oulgoing cables & termination

vit) (eneration of installation report in standard fonmat.

PRE-COMMISSIONING AND TESTING

i}

i)

)

Afier the eguipment is installed properly in accordance with specifications, design
documents, drawings and contractor shall carmy ot all pre-commissioning ¢hecks and
tests as per EIL [ormat in the prescnce of Engincer-in-charge and test readings shall be
recorded and fummished to EIL in triplicate.

It is gnticipaicd thal various installation checks have been proviously accomplished and
accepted during installation of CP cquipment and facilities or otherwise to be carricd out
in canjunction with the commissioning activities.

The pre-commissioning inspection among other requircments shall include  visual
inspection, checking the workmanship of the instatlation, the rating of equipment. safety
clearances, sizes of cables installed, wiring properly dressed and labeled, sealing of
unused cable entrics, checking of all safety interlocks, control/interface functions as per
requirement ete.

The contractor shall hring to siic all required tools, tackles and testing instruments for
carrying out field testing. Contractor shall use only calibeated measuring and test
instruments and shall maintain valid calibration record.

The imspection/test data sheels associated with pre-commissioning and commissioning of
cathodic protection system shall be provided by vendor,

General Inspection

Prior to commissioning of the CP system and betore cnergizing the transformer rectifier unii,
the following activities shall be performed.

iy

Ensure that minimum 0% of product level is maimtained in the structore 10 have proper
contact with soil.

Review all test and inspection daia sheels that have heen previously accomplished during
CP installation. All installation data results to be veriticd to ensure thal inspection and
testing have been carried out snccessfully.

Review all CT design drawings, deviations if any shall be noted and incorporated in the
as-built drawings.

Visual inspeetions to be performed to ensure that all above ground (cxposed) CP
components and facilities are not physically damaged during or after CP installation
works, Any discrepancies to be noted and necessary correetive aclions shall be taken
prior to commissioning.

All CP cables fo be checked for proper tenmination and identification as per schematic
drawings,

Format Mo 8-00-0001-F1 Raw © Capyrighl EIL — All righits resenved
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5.2 PrcCommissioning Check List

5.2.1 Transformer Rectificr

5.2.1.1

3212

32.1.3

The following information to be obtained and recorded as a minimum

iy TR unitID

ity TR unit Manufacturer

iii) TR type! model! 51 No.

i¥y 5Sun Shade

v} TR Input and Output Rating
vi) Date of Inspection

vil) Name aof Inspector

Inspcction

The [ollowing inspections and checks shall be performed and recorded when the TR unit is in
switched off condition.

1) Visual inspection of each TR {transformer rectificr) unit ta be performed to ensure correct
installation and that the unit has not been physically damaged prior to operation. Any

discrepancies will be noted and rectified.

i) All panel connections and terminals to be checked lor tightness. Any loose connection
shall be tightened.

i) The polarity of the DC output cable to be verified to ensure that the positive output cables
are connected to the anode terminals and the negative terminals are connected to the tanlc

iv)y Werily that the power supply to the Transformer Rectifier (I'R) comesponds to the
required rating. Measure and record the AC supply volage at the input terminals of the

translformer rectifier cireuit breaker.

v) Verify and ensure (hat the Transformer Rectificr is properly grounded to the earthing
SySlem.

vi} Ensore that all fuses are of proper currett and voltage ratings. Cheek the continuity of all
fuses and spares by an ohmmeter,

vil) Measure the insulation resistance between Transformer & TR body and earthing
resistance between TR and earth.

viii) Check whether the autput knabs are in minimum position.

tx) Check the colour of silica gel.

X)) TEnsure that TR {oil cooled) has at least minimum level of oil, if necessary add more.
Total Circoit Resistance Test

i} After proper polarity of the DC oulput cables have been contirined and the cables have

been labelled with permanent tags, disconneet the anode and the cathode cables from the
DC output terininal of the Transformer Rectitier.

Formal Mg 8-00-0001-F1 Rev & Copynght EIL = All nghts reserved
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u} Lising a four-pin resistance meter with F1:C1 and P2/C2 terminal shorted, connect the test
leads of the nstruments across the DC eables and measure the resistance.

i) This testing will be done to measure the overall circuil resistance of the CP system and to
ensure that no short cireutl exist belween the anode (positive) and cathode (negative).

iv) The result will be recorded in the pre-commissioning data sheet.
Anode Inspection

i}  Verify that the anode have been properly checked and accepted for compliance with the
drawings and design during the installation works.

ii) Based on the above, check the puwer feed connections and verily thal the cable is
properly terminated and identified at the Anode Junclion Box (AJB). Any discrepancies
shall be rectified.

iil) The tests shall be perforined al the AJB between the anode feeders. Continuity test to be
cammied out between all anode teeders lead cable o ensure electrical continuily of all
anodes.

iv} The resull will be recorded in the AJR pre-commissioning data sheet.
Junction Boxes & PDB
The lollowing information shall be obtained and recorded as minimuom:

i) Junclion Box & PRBID

i}y Nwmwber of Circuils

i1} Resistor Rating if present

v} Shunt Raung if present

v] Date of Inspection and Name of the Inspector

The tollowing inspections shall be performed at each junction box.

i} A visual inspection of the junction box & PDB will be performed 10 ensure correct
installation in accordance with the drawings and that the junction boxes & PDB have not
been physically damaged prior Lo vperation. Any discrepancies will be noted.

ii)  All cable connections and tenninals shall be checked for tightness. Any louse connections
shall be tightened.

i} All cables are ( be checked for proper tagging and w ensure it is as per design/drawing,

iv) The resuit will be recorded in the pre-comnmissioning format.

Natural Potential measurcment

Before energizing the transformer rectifier, the natural polential of tank (partially filled with
product) base plate should be measured and recorded using permanent reference electrodes as
well as using porlable reference electrode,

Famat Mo 8-00-0001-F1 Rey 0 Copynght EIL = All rights rezened
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5.2.4.1 Potential Measuremenl using Permanent Reference Elecirodes

NOTE:

i}

vi)

The tank to soil potential measurement is obtained using high impedance multimeter
{min. 10 Mega chms).

Attach the test lead from the positive terminal of the meter to the tank at the junction box.

Attach the test lead from the negative terminal of the meter to the permanent reference
electrode point at the junction box.

The tank potential in mitlivolts is read directly from the meter.

Natural partential measurement using permanent reference lectrode (0 be carried out a all
reference electrode locations.

Record the millivolts reading with polarity on the corresponding data sheet.

When product level is low. tank bottom may not have a good comtact with the electrolyte thus
affecting the tank to soil potentials, This eror can be mininuzed by ensuring that thers 1 sufticient
level of the product in the tank during commissioning.

6.0

6.k

6.2

COMDMISSIONING

After successful pre-commissioning of the cathodic protection equipment, the CI* system i3
ready for testing, start up and commtissioning, The contractor shall carty oul complete 185ting
and commissioning of material and equipment as per Inspection and test plans (F1'P).

Before switching "ON" the transtormer rectifiers, the following condition should be met.

i)

if)

All CP cables inside junctions and TR are to be checked and corrected for any
discrepancies.

Matural potential of all structures involved in cathodic protection system has been
measured and recorded.

iiiy Tanks ar¢ to be full or minitmom half-filled with electrolyte,

iv)

A close visual inspection of electrical equipment in harardous area shall be made to
ensure that equipment is suitable for the classified zone and gas group and correctly
installed, with all covers, bolts, nuts and hardwares intact and there is no physical damage
mark seen on the enclosure.

Commissioning Steps

The sieps described below should be followed systematically during execution of final
commissioning.

i)

The transtformer rectifier has been previously checked and tested during the pre-
commissioning stages and the results are recorded in the data sheet. Read and study the
transtormer rectifier data sheel & operation manual to familiarize the system and result of
the pre-commissioning Lesl.
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6.2.1

ii)

iii)

iv)

5S¢t the ranslonmer rectificrs cutpul control (o 0% range and switch “on " the transformer
rectificr.

Gradually adjust the trapsformer rectificr’s oulpul power in manual rmode,

Measure and record the tank to soil polential.

The fullowing procedures should be followed when measuring the tank to soil potential--

1)

i)

vi}

For tanks with permanent reference electrodes, at each reference cell box, connect the
negative lead of the meter on the referenee cell and positive on the ank. Record each
reference electrode reading with respect to negative.

Increase the transformer rectitier output in manual mode until the tank hottom potential
reaches the value as per specification [-850 1o -1 100 mV ({typical}f. The "On™ potential 1s
not a true representation of the tank protected potential. The instant "oft” potential will be
measurcd for fnal mading & conclusion. Before taking mstant off potentals, the
transformer rectifior should be kept encrgized until adequate polarisation 15 achicyved
{typically 24 to 48 hrs).

Instant “CHY” potential measurement is required to determine the IR drop free potential of
the tamk.

Final tamk 1 soil potential {instanl «+fT and on) will be measurcd by switching the rectifier
output using current inlermupter. Current interrupter shall be hooked-up 1o the transformer
rectifier and programmed (o switch in V:4 mtion (1 second off and 4 second on or any
other evele in the same ratio), Instant OfF potential measurement is requined to defermine
the IR drop free potential of the tank.

Instant Oft potential can be measured by the tollowing procedures:

aj  Switch off the transformer rectifiers,

By Disconncel the posilive header cable comnected in the positive terminal of (he
transformer rectitier.

&) lostall the Cument interrupler in senes with the positive header cable and positive
terminal of the transformer rectifier.

) Sci the cumment interrupler in 14 mtion 1e. 1 second off and 4 seconds on cycle or
any other cyele in the same ratio.

¢)  BRecord the instant “ofl™ and instanl “on® potential m the commissioning data shoct.,
After recording. discenneet the current intervapter and return the transformer
rectifier 1o jts original conneetion,

Cheek and record individval powers feed current in the juncliom box and record the
results. Current shall be measured using digital clamp meter or digital multi meter.

vii} Check and record the output voltage and current in the transformer rectificr.

a)  Check and record the oulput voltage and current in the transformer rectilicr, when
the instanr “OFF’ potential value at all the reference elecirode iz in jhe range
specified in the Specilicalion ( -(LE30 10 -1.1 ¥ typical) alter 48 hos of pularization.

by AVCC MODE, After recording the TR output BT veltage and current in Manual
Mode at which all the reference electrodes show -0.850Y (o - 1.1V in instant “OF T
{typical figure) condition as described above. changeover the operation to constant

Formal Mo &-00-0001-F1 Rey 0 Caopynght EIL — All nights reserved
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7.0

8.0

2.0

10,0

voltage in AVCC mode and set the DC cutput voltage at the predetermined voltage
recorded during Manual Made of operation at which all the reference electrodes
having pelential in the range specified in the specification (fypically -0.850V (o -
1.1V voltage} if necessary Lo ensure optimal protection potential al all the reference
electrodes. Record the cotresponding NC output current for the set voltage. This
will be the final setting at which the unit will be lefl for operation and handed over
10 client. Individual current oulput of all the anode loops to he weasured and
recorded in AVCC mode vollage setting.

The results will be recorded in the commissioning data sheet.

RECORDS

i)

if)

Contractor shall keep up-to-date records of all activities carried out and test results. Field
inspection / test / commissioning reports shall be submitted to EIL/Owner by contractor
in bound volumes (triplicale copies)

All equipment layout drawings shall be marked by the contracter for “AS BUILT
STATUS™ and two sets of hard copies shall be submitted to EIL.

HEALTH, SATETY & ENVIRONMENT

i1 Mecessary PPE shall be utilized.

i) Qnly trained / experienced personnel shall be deployed for this activity,

PRECAUTION

i} Care shall be taken for the proper connection of cables including Positive Header cable
from Anode Junction Box to Positive (+ve) Terminal of TR Unit & Negative Header
Cable from Structure to Negative (-ve) Terminal of the TR unit and interconnection
cables

iii) Before the systems facilities are put itle operation, necessary tests shall be carried out to
extablish that equipmenti’s, devices and wiring connection have been correctly set up and
comnected in good condition for projected operation.

iv) Proper PPE shall be used.

v) Trained personnel to be deploved for Commissioning,

vi) Care should be taken while using MCB, AC/TXC cable operation.

EQUIPMENT AND TOOLS

i) Portable Reference Electrades (Cu/CuS0y)

iy Dagital Mullimeter

i} Clamp-on meter

iv) Megger

v) CP/Electrical Tool Rox

viy Crimping tool

Fomat No B-00-001-F1 Rey 0 Copynght EIL - All nghts reserved
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11.8  RFPORTS
All the parameters recorded during the Testing & Commissioming at site will be recorded in
inspection format as per approved QAP,
1286  FORMATS (TYPICAL)

12.1 Pre-Commissioning Inspection and Test Plat Format

l_ijcct
Client/Owner
| Consultant L
Main Contractor | _
CF Coniractor
Ref. Document
Keport No.
. Check Sheet | ]
IﬁSI};. | Activity Contractor | ETL/Qwner
I %ppr:?al_nf Pe- | P [ A
Commissioning Check
Procedure
2 ' Pre Commissioning Checiw P EM /W
| For CufCuSiy, Reference
! Electrode and Anode using
L Anode Tail Cable _ L
3 ICCP System Cable F RM /W
| . | Yerminationand Tagging | l _
-4 1CCP unit Working P W
l Condition (™o Load
v Condition) _ | .
[ & Fre-Commissioning Checls P . REM /W
of Earthing, Termination & | I
Tagzing for TR Unit and
| Junction Boxes ___
Legends: A-Approval, RM-Random Check, W-Witness all, P- Perform
Femarks:
. XorCPVendar | For Main/EPC Contractor — Client/FIL_
Mame 1 MName MName
Sipn | Sign Sign
Datc ! Date Date

Format Mo 8-0-KH)1-F1 Rew 0
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11,2 Quality Assurance Plan (Al

Project

Client/Orwner

Cansultant

Main Contractor

- CP Conlraclor

" Ref. Document

| Report No.
) Check Sheet !
B i
Iﬁ:. Activity Veﬁﬂur CulJEtf‘.;tur EIL/Owner ' I.l_emarks
1 Approval of Procedure for 5 E A&R
Testing & Cominissioning _
2 Checking of Parameters F W R&W
as Per Procedure o
3 Measuring of MNatural F W R&W
Potential i
4 Measuring IR value of TR P W R&W
unil
3 Measuring of TR Unit P W R&W
_____ Input & Cuipul _ ]
& | Check Circuit Resistance P W R&W
7 | Measuring Of Structare P W REW
To FElectrolyte Polarized
Potential With Portable/ :
Permancnt Cu/Cusy .
Reference Cell. o
8 | Measuring of Individual P W R&W i
Anode Loop Current _ :
9 | Measuring On - Instant F W REW :
Off Readings ;
10 | Running TR Unit in Auto [ W R&W
| mode (AVCL mode) o
11 | Central Monitoring P W R&Ww :
System (CMS)
Legends: A-Approval, R- Review of Records, W-Witness All, P-Perform, S-Submitied By
~ For CP Yendor For Main/EPC Contractor _ Clent/EIL
Name o Name Mame
Sign Sign Sign
Date Daig Date
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12.3 Pre-Commissioning Check Format
Project . R
Clicni‘Owner | _ -
Consultant |
Main 1=
Contrtpctr o
cp
Contractor -
Ref.
| Document ' i _
| Report No.
! Pre-commissioning- Check Sheet
Mative ]
Item-I Ref, Cell No. Potential Remarks
L o Reading (Vaolt)
1] ~__RE-I_ L
12 RE-2 B ]
1.3 RE-3 !
_ e, |
ln _ ____REN | B |
Ttem-2 Anode String No. | Continnity test L L [
2.1 A-1 | OK/Notl OK _
22 | A2 OKMNot OK
23 A3 QK/MNot OK . )
. OK/ Not OK ______
Z.n A=N OK/ Not OK o
Item-3 TRU (no load test in - Reading |
manual mode) o 1:
AC input vollage Volt - _ .
. AC input currettt Amp.
3.3 DC ontput voltage | Volt
. .34 | DCouputewrem | Amp.
i Remarks {overally:
For CP Vendor For Main/EPC Contractor | Client/EIT.
Mame Name Same ) |
Sign Sign Sign
Date Date Datg
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12.4 Commissioning Check Format

Project
| Client/Owner
- Consaltant _
i Main Contracior
| CP Contractor
Ref. Document
Report Mo,
Check Sheet {potential measurement using permanent Cw/CuS0y electrode)
Item-1 TRU i Reading Remarks
1.1 AC input vollage Yol
1.2 AL input current Amp.
1.3 DC output voltage T Vot
1.4 3 outpul current Amp.
Ttem? Permanent Ref. CeH | Lnitizl R:eading after
Nao. Reading (Vol¢) | 24 hrs (Volt) 48 hrs {Volt} |
2.1 RE-1
22 RE-2
23 RE-3
2n RE-N _
ltem-3 Activity Reading Remarks
| 3.1 | Matural PSP
32 Energised PSP i _
3.3 ON PSP
| 34 | instant OfF PSP
3.5 100 mV Shift
Remarks (overall);
For CP Vendor _| For Main/EPC Contractor _ Client/ELL
MName MName MName
Sign Sigm Sign
Date Date Date B

Fomrnat Mg 8-00-0001-F1 Rev ©

Copynght EIL — All nghts razereed




Paade 2781 of 66231 ' BO57-TENDFR DOC-BR057-420-80-44-PG-T-7410 * Rev A




SPECIFICATION FOR STANDARD SFECIFICATION Mo.

FlGlReT g, FNGINEERS INSTALLATION, PRE-
@ﬂﬁwﬁﬁﬁ@ NDIA UMTED  coMMISSIONING, TESTING AND 6-45-0060 Rev. 0
COMMISSIONING OF CATHODIC
PROTECTION SYSTEM FOR Page 1 of 16
VESSELS

Jaed & v HOR® afawsror gomelt &q
g1, N-wAteafAe, gdiagor iy sfAafaer
¥ fov RAfader

SPECIFICATION
FOR
INSTALLATION, PRE-COMMISSIONING,
TESTING AND COMMISSIONING OF
CATHODIC PROTECTION SYSTEM
FOR VESSELS

) M (1 I
Q0 2650220  ISSUED AS STANDARD SPECIFICATION f}}jldgj’ i wdd, iw*"h W/’l
_ AKD NSB 54 RET
' Standards Standards

Commibties Bureau
Rewv. Date Furpoze Preﬁm c“?;ked Convanor Chalrman

Appravead by

Format No 8-00-Q001-F1 Rav 0 Copyright EiL — All nghts reserved



SPECIFIGATION FOR

STANDARD SPECIFICATION Mo,

SAlictzred i, ENCINFERS
BT GROAMID o hSTALLATONTRE, | 450080 ev.0
COMMISSIONING OF CATHODIC
PROTECTION SYSTEM FOR Fage 2 of 16
VESSELS
Abbreviations:
AJB Anode Junction Box
CJB Cathode Junction Box
CP Cathodic Protection
CPTR Cathodic I'rotection I'ransformer Rectifier
B Dirget Current
EIL Engincers [ndia Limited
1CCP Impreszsed Current Cathodic Protection
I8 indian Standards
MMM Mixed Metal Oxide
NACE National Association of Comosion Enginecrs
alIsD Oil Industry Safety Directorate
PDB Power Distribution Box
TRLUI Transformer Rectifier Unit

Electrical Standards Committee

Canvenor:

Meombers:

Ms. Sumita Anand

Mr. Iarag Gupta

br. M K Sahy

Ms. ANP Singh

Ms. MN.5. Bhattacharva

Mr. Amrit Kumar Dey

Mr. Raj Kishore {Projects)
Mr. Rajesh Sinha (faspeetion)

Forrnat Mo 8-00-0001-F1 Rev 0

Copyright EIL — All nghts resenved



sﬁﬁaﬁ SPECIFICATION FOR STANDARD SFECIFICATION Na.

ENCINEERS INSTALLATION, PRE-
ﬁﬂ@%@wﬁﬂﬁ COMMISSIONING, TESTING AND 6-45-0060 Rev. 0

COMMISSIONING OF CATHODIC

PROTECTION SYSTEM FOR Page 3 of 18

VESSELS

CONTENTS
1.0 OBIECTIVE oo e s s e e e ey bbb s d e bbb s e 4
2.0 BUOPE o e e L SRS SRR SRR S b et S et 4
jo REFERENUES ..o e ettt et e cm s e e ae e e en e re e 4
4.0 INSTALLATION ettt i e e e s ren e 4
5.0 PRE-CORMMISSIONING AND TESTING ... oot 6
6.0 COMMISEIONING ..o i i sttt s a2 s ans reas s rasneranane e 9
3.0 HEALTH, SAFETY & ENVIRONMENT ..o 11
5.0 PRECAUTION ... ettt b bt st e e rma e naee oo 11
100 EQUIPMENT AND TOOLS .ottt 12
LLO  REPORT S e e e s e s e i e bR e 12
120 FPORMATS {TYPICALY oot ettt et a e 13

Format No B-00-0001-F1 Rev © Copynght EIL = All nghte regerved



SPECIFICATION FOR STANDARD SPECIFICATION Ho.

ENGINEFRS
oBs P G A LTED NOTATLATION, PRE- 6-45-0060 Rev. 0

tore1 sty s araa e GONMMISSIONING, TESTING AND

COMMISSIONING OF CATHODIC
PROTECTION SYSTEM FOR Fage 4 of 16
VESSELS

L0

20

3.0

4.4

4.1

OBJECTIVE

This procedure defines the methodology, requirements, responsibilities and ¢quipment
required for the Impressed Current Cathodic Protection System  Installation, Pre-
commissioning and Commissioning of the vesscl (external) to ensure CP contractor conform
ta the speeifications and other applicable codes and standards

SCOPE

The scope of this document is to describe the procedures for typical requirement for wire
anode installation, Pre-commissioning and Commissioning of an Impressed Current Cathadic
Protection System works for vessel (external) and provide adequate Quality Assurance /
Contral of workimanship and imspection at site. Pre-commissioning inspection and testing will
be carmied out to conform satisfactory installation works a5 por the projeel specification design
and drawings.

The contractor shall have all necessary construction equipment, tools and tackle and tosting
instruments to carry out the erection works and to commission the system as specified. These
equipment shall be brought to site by contractor before start of work.

REFERFENCES

i) Project Specification for CF system for vessels
ify CP System Design & Detail Calculation Document for vessels (external),

i) Owverall CF Equipment and Cable Route Layout.

iv) WACE:5P-028% Comosion control of underground storage tank systems by
Cathodic Protection

vi IS/ IEC: ali329 - {lassification of Degree of Protectiom Provided by Enclosures

vi) {ISD-GDN-180 Lightning Protection

INSTALLATION

Prior to start of installation, contractor shall verify that cquipment snd complete materials have
been reccived. Handling, shifting to required site location, instaliation, pre-commissioning,
testing and commissioning shall be done by contractor with utmost care. Manufacturer’s
instructions and the requirements given in their technical manual shall be stricthy adhered. The
substation/control room wherein the equipment to be installed shall be clean, dry and free from
all debwis, Care shall be taken to observe the cormreet lifting arrangements and to make sire that
the slings are attached to the manufacturer’s designated lifting points, where applicable. No
paris shall be subjeeted fo undue strains or sudden stresses which could canse damage to the
equipment.

T'he lifting position mark indicated on packing casing shall be adhered (o strictly for keeping it
in required verlical position.

Contractor shall check and report to the Engineer-in-charpe about any damaged item and/ or
missing component and shall replace the same as per specifications. During installation, all
accessories and loose items shall also be inspected by the contractor before their
assembly/mounting,

Manutacturer c¢hecklist, manual for erection, installatton and any specific requirement for
equipment handling, installation and commissioning shall be strctly adhered to.

Format No 8-00-0001-F1 Rev © Copynglt EIL — Al nghts resened



SPECIFICATION FOR STANDARD SFECIFICATION Ko,

ST G ENCINEER S INSTALLATION, PRE-
@ﬂ?ﬂﬂﬁ@ﬁ%m&” COMMISSIONING, TESTING AND 6-45-0060 Rev. 0
COMMISSIONING OF CATHODIC
PROTECTION SYSTEM FOR Page 5 of 16
VESSELS

423

Following activities shall be done by contractor dering various stages of installation

STAGE-]

When the sand bed reaches at the bottom level of vessel shell, the activities mvolved are as
given below:

i) Making of slol in sand pad for Pre-packed MMO Wire Anode cable as per applicable
drawing at surrounding of vessel sand layer.

ii) Check continuity ol anode and cable before installation v sand pad (o ensure healthiness,
This shall be followed at each stage of anode installation.

i) Provide anode identification marks on anode lead cable of each loops coming oul from
vessels, This shall be followed at each stage of anode installation.

iv) Laying of Pre-packed MMO Wire Anode at bottom sand layer of vessel as per drawing,

v} Making of pocket in sand pad for Rell Cell as per applicable drawing at surroundiny ol
vessel sand layer,

¥i) Checking healthiness of Pennanent Reference Cell before instatlation at different stages
with respect to calibrated Masier Reterence Cell

vil) Check continuity of reference cell cable before installation at different stages in sand pad
to ensute bealthiness.

vii{) Laying of Ref. Cell inside the pucket & sand fill with proper compaction by using
wooden palket.

STAGE-II

When the sand bed reaches up to middle Level of the vessel shell, the activities involved are as
given below,

i) Making of slot in sand pad for Pre-packed MMOQO Wire Anode cable as per applicable
drawing at surrounding of vessel sand layer.

i) Laying of Pre-packed MMO Wire Anode at Middle sand layer of vessel as per drawing.
STAGE-IIT

When the sand bed teaches the Top level of the vessel shell, the activites involved ate as
given below.

i} Making of slol in sand pad lor Pre-packed MMO Wire Anode cable as per applicable
drawing at surrounding of vessel sand layer.

i} Laving of Pre-packed MMO Wite Anode al bottom sand laver of vessel as per deawing,

iii} Jointing of Pre-packed MMO Wire Anode strings end with anode lead cable by using In-
line splice kits.

i¥} Laving of Cathode cleat cable and its termination at CJEB.
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v) Laying of Measurement cleat cable and its termination at CIB.
vi} Connecting Cathode cable with clear by Thermit welding on the Vessel.
vii} Conneeting Measurement cable with cleat by Thermit weldimg on the Vessel.

viii) Making ol pocket in sand pad for Ref. Cell as per applicable drawing at surrounding of
vessel.

ix) laying of Rel. Cell inside the pocket & sand il with proper compaction by using
wioden pallet.

STAGE-IV

The Activities which are to be performed outside the Mound area, the activities involved are
as given below,

i} Installation of junction boxes (AJR, CIR) with movating [rame.

ii) Termination & connection of all the cables in the junction boxes (AJB, CIR etg)
ili) Installation of Transtormer rectificr unit,

iv) TR-unit connection of alf incoming & outgoing cables & termination.
FRE-COMMISSIONING AND TESTING

1) After the cquipment is installed properly in accordance with specifications, design
documents, drawings and contractar shall carry out all pre-commissioning checks and
tests as per EIL format in the presence of Cngineer-in-charge and tost readings shatl be
recorded and furnished to F1I. in teiplicate.

il} It is anticipated that various installation checks have been previously accomplished and
accepted during installation of CP equitpment and fagilitics or otherwise to be carried out
in conjunction with the commissioning activities.

i) The pre-commissioning inspection amoeng other reguirements shall include visual
inspection, checking the woerkmanship of the installation, the rating of equipment, safety
clearances, sizes of gables installed, wiring properly dressed and lazbeled, scaling of
unused cable entrics, checking of all safety interlocks, controlfinterface functions as per
requirement ete.

iv) The contractor shall bring ta site all required tools, tackles and testing insiruments for
cartying out [icld testing. Contractor shall use only calibralcd measuring and test

instruments and shall maintain valid calibration record.

¥) The inspection/test data shects associated with pre-commissioning and commissioning of
cathodic protection system shalt be provided by vendor,

reneral Inspection

Prior to commissioning ol the CP system and before energizing the translormer rectifier wnit,
the lollowing activities shall be performed.
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i
7
L]

5.2.1

5.2.1.1

lii)

v}

Review all test and inspection data sheets that have been previously accomplished during
CP installation. All installation data results to be verified to ensure that inspection and
testing have been cartied out successfully.

Review all CP design drawings, deviations if any shall be noted and incorporated in the
as-built drawings.

Visual inspections to be performed to ensure that all above ground {exposcd) CP
components and [acilities are not physically damaged durng or afier CP installation
works, Any discrepancics to be noled and nocessary corrective achions shall be laken
prior to commissioning.

All CP cables to be checked for proper termination and identification as per schetnatic
drawings,

Pre-Commissioning Check List

Transformer Rectifier

The [ollowing imformation to be obtained and recorded as a2 mininmum

i)
ii)
i)
iv)
¥)

i)

vit}

TR unit D

TH unit Manufacturer

TR typef model’ SL No.
Sun Shed

TR Input and Cutput Rating
Dale of Inspection

Name of Inspector

Inspection

The following inspections and checks shall be performed and recorded when the TR unit is in
switched ofl condition,

i)

it)

iif)

v)

¥i)

Yisual inspection of each TH {transformer rectifier) unit to be perfonned to ensure correct
installation and that the unit has not been physically damaged prior to peration. Any
discrepancies will be noted and rectitied,

All pancl connections and terminals to be checked for tightness. Any loose conneetion
shall be tightened.

The polarity of the DC output cable to be verified to ensure that the positive output cables
are connected to the anode terminals and the negative terminals are connected to the
vessel

Yerify that the power supply tno the ‘lTmansfonmer Hectifter (I'R) cormresponds to the
required raling. Measure and record the AC supply voltage at the input terminals of the
transtormer reetifier circuit breaker.

Verify and ensure that the Transformer Kectifier is properly grounded to the earthing
SYSTCM,

Ensure that all fuses are of proper current and voltage ratings. Check the continuity of all
[uses and spares by an chmmeter.
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vil} Measure the insulation resistance between Transtortner & TR body and earthing
resistance belween TR and earth.

viii) Check whether the cutput knobs are in minimum position,

ix} Check the colour of silica gel.

1)  [nsure that TR {0l cooled) has at least minimum level of oil, if necessary, add more.

Total Circuit Resistance Test

i} Afier proper polatity of the DC output cables have been confirmed and the cables have
been labelled with permanent tags, disconnect the anode and the cathode cables from the

L output tertninal of the Transformer Kectifier.

i) Using a four-pin resistance meter with P1/C1 and P2/C2 terminal shormed, connect the test
leads of the instruments across the DO cables and measure the resistance.

iii} This testing will be done to measure the overall circuit resistance of the CP system and to
ensure that no short circuit exist between the anode (positive) and cathode (negative),

iv] Fhe resnlt will be recorded in the AJB pre-commissioning data sheet.
Anode Tnspection

i} Verify that the anode have been properly checked and accepted tor compliance with the
drawings and design during the installation works,

i} Based on the above, check the power feed conmections and verily that the cable is
properly terminated and identified at the Anode Junction Box (AJBY. Any discrepancies
shall be rectified.

iii} The tests shalt be performed at the AJBE between the anode fieeders. Continuity test to he
carrigd out between all ancde feeders lead cable to ensure electrical continuity of all

anodes.

iv) The result will be recorded in the AJB pre-commissioning data sheet.

5.2.3  Junction Boxes & PR

5.231

5232

The following information shall be obtained and recorded as minimum:

it Junction Box & PDB IC

i} Number of Cimeuits

iiiy Resistor Rating if present

i¥) Shunt Rating, if present

vl Date of Inspection and Name of the lnspector

The tollowing inspections shall be performed at each junction box.
i) A visual inspection of the junction box & PDB will be performed to ensure correct

installation in accordance with the drawings and that the junction boxes & PDB have not
begn physically damaged prior to operation. Any discrepancies will be noted.
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5241

6.0

6.1

6,2

i} All cable connections and terminals shall be checked for tightness. Any loose connections
shall be tightened.

iy All cables are 1 be checked {or proper tagging and to ensure il is as per design /drawing,

iv) The result will be recorded in the pre-commissioning format,

MNataral Potential measarement

Before energizing the transformer rectifier, the natural potential of vessel (partially filled with
product) should be measured and recorded using permanent reference electrodes as well as
using portable reference electrode,

Potential Messurement using Permuanent Refereace Electrodes

i} The vessel o soil potential measurement i3 obtained using hivh impedance multimeter
(min. [0 Mega ahms).

i) Atlach the test lead from the positive lerminal of the meter to the vessel at the junction
box.

iii) Attach the test lead from the nesative terminal of the meter to the permanent reference
electrode point at the junction box,

i¥) The vessel potential in millivals is read directly from the meter.

v) Natural potential measurement nsing permanent reference electrode to be carried out at all
reference electrode locations.

vi) Record the millivolts reading with polarity on the corresponding data sheet.
COMMISSIONING

After successful pre-commissioning of the cathodic protection eguipment, the CI* system is
ready for testing, start up and commissioning. The contractor shall carry out complete testing
and commissioning of material and equipment as per Inspection and test plans (I'TP).

Before switching "ON" the transformer rectifiers the following condition should be met.

i)  All CP cables nside junctions and TR are o be checked and correcled [or any
discrepancies.

i) Matural potential of all structures involved in cathodic protection system has been
measured and recorded.

i) A close visual inspection of electrical equipment in hazardous area shall be made to
ensure that equipment is suitable for the classified zone and gas group and correctly
inslalled, with all covers, bolts, nuts and hardwares intacl and thete is no physical damawe
matk seen on the enclosure,

Commisgioning Steps

The steps described below should be followed systematically during exgeution of final
commissioning.
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i}

i)

i)

iv)

The transtormer rectifier has been previously checked and tested during the pre-
commissioning stages and the results are recorded in the data sheet. Read and study the
transformer rectifier data sheet & operation manual to familiarize the system and result of
the pre-commissioning test.

Set the transformer rectifiers output control to 0% range and switch “on " the transformer
rectifier.

Gradually adjust the transformer rectifiers output power in manual mode.

Measure and record the vessel ta soil potential,

The following procedures should be followed when measuring the vessel to soil potential:-

i)

iii}

v)

vi}

For vessels with permanent reference electrodes, at each reference cell bax, connet the
neative lead of the meter on the reference cell and positive on the vessel. Record each
reterence electrode reading with respect to negative.

Increase the transformer rectifier output in manuval mode until the vessel boltom potential
reaches the value as per specification [-850 to -1100 mV (typical)]. The "On™ potential is
not 4 true representation of the vessel protected potential. The instant "of ™ potential will
be measured for final reading & conclusion. Before taking instant off potentials, the
transformer rectifier should be kept encrgized vntil adequate polarisation is achieved
{(typically 24 to 48 hrs).

Instant “CHT” potential messurement is reguired to determine the IR drop free potential of
the vessel.

Final vessel to soil potential (instant off and on) will be measured by switching the
rectifier output using current interrupter. Current inlerrupier shall be hooked-up to the
transtormer rectifier and programmed to switch in 1:4 ratio (1 second OFT and 4 second
O or any other cycle in the same ratio), Instant Off potential measurement is required to
determine the IR drop free potentizl of the vessel.

Instant Off potential can be meusured by the following procedures:

a) Switch oll the transformer rectifiers.

b)  Disconnect the positive header cable connected in the positive terminal of the
transtormer rectificr.

¢} Install the Current interrupter in seies with the positive header cable and positive
terminal of the transformer rectifier.

d)  Set the cunrent interrupter in 1:4 ratio 1.¢. 1 second off and 4 seconds on or any
other ¢yele (n the same ratio.

¢} Record the instant “off” and instant “on™ potentia! in the commissioning data sheet.
After recording, disconnect the cwrrent interrupter and return the transformer
rectifier to its original connection.

Check and record individual powers feed cutrent in the junction box and record the
results. Cuirent shall be measured using digital clamp meter ar digital multl meter.

vii) Check and record the output voltage and current in the transtormer rectifier.
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7.0

.0

0.0

a) Check and record the output voltage and current in the transformer rectifier, when
the instant “OFF* polential value at all the reference electrode is in the range
specified in the Specification  -0.850 to -1.1 V typical) after 48 hrs of polarization.

b}  AVCC MODE: After recording the TR output DC voltage and current in Manual
Mode at which all the reference electrodes show  -0.85V to -1.1V in instart *OFF’
{tvpical figure) condition as described above, changeover (he operation 10 cotistant
voltage it AVCC mode and set the DC output voltage at the predetermined voliage
recorded during Manual Mode of operation al which all the reference electrodes
having potential in the range specified in (he specification (typically -0.850V to -
1.1V voltage) if necessary 1o ensure optimal protection potential at all the reference
electrodes. Record the corresponding DC outpul current for the set voltage. This
will be the final setting at which the unit will be left for operation and handed over
to client. Individual current output of all ihe anode loops to be measured and
recorded in AVCC mode voltage setting,

‘The results will be recorded in the commissioning dala sheet.

RECORIDS

i)

i1}

Contractor shall keep up-to-date records of all activities carried out and test results, Field
inspection/lest’'commissioning reports shall be submitted to EIT/Owner by contractor in
bound volumes (triplicate copies)

Al equipmettt layout drawings shall be marked by the contractor for “AS BUILT
STATLS™ and vwo sets of hard copies shall be submitted to EIL.

HEALTH, SAFETY & ENVIRONMENT

iy ™ecessary FPE shall be urilized.

ity Only trained / experienced personnel shall be deployed for this activily,

PRECAUTION

1) Care shall be taken for the proper connection of cables including Positive Header cable
from Anode Junction Box to Positive {(+ve) Terminal of TR Unit & Negative Header
Cable from Structure to Negative {-ve) Terminal of the TR unit and inlerconnection
vcables

ii} Before the systems {acilities are put into operation, necessary tests shall be carried oul to
establish that equipment’s, devices and wiring connection have been comectly set up and
connected in good condition for projected operation.

iii) Proper PPL shall be used.

i¥} Tramed personnel 1o be deployed for Commissioning.

v) Care should be taken while using MCB, AC/DC cable operation.
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10.f EQUIPMENT AND TOOLS

i} Portable Reference Electrodes (Cu/CuSOy)
i} Digital Mukimeter

iiiy Clamp-on meter

iv) Mepger

v} CP/ Electrical Tool Box

¥i} Crimping tool

1.0 REPORTS

All the parameters recorded during the Testing & Commissioning at site will be recorded in
inspeclion [format as per approved CGAD.
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FORMATS (TYPICAL)

12.1 Pre-Commissioning Inspection and Test Plat Format

Project 5 _
Client/Cwner o
Consullan B
Main Contractor
CP Contractor
Bef. Document
Keport Mo.
L ) Check Sheet
T'?:] Activity Contractor EIL/Owner
1| Approval of Pre- o P ' A
Commissioning Check
Procedure )
2 Pre Commissioning Checks Y RM /W
For Cu/CuSCy Reference
Electrode and Anode nsing
| ..|Anode Tail Cable
.31 | 1CCP System Cable P RM /W
| Termination and Tagging
4 | 1CCP unit Working P W
Condition (Mo Load
Condition) —
5 Pre-Commissioning {hecks I* RM /W '
of Earthing, Termmnation &
Tagging for TR Unit and
Junction Boxes o
Legends: A-Approval, RM-Random Check, W-Witness all, P- Perform
Remarks:
| For CP Vendor : For Main/EPC Contractor | Client/FIL
" Name l Name { Name
Sigm Sigm C Sign
Dale Date [ Date.
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12.2 Quality Assurance Plan ((JAP)
Project ]
Client/Owner
Consultant
Main Conlraclor —
CP Contractor
Ref. Document o
Repori No.
_ Check Shect o
, - EPC
51, Na. Activity Vt:l:]ur Cunt:acm EILI?wne Remarks
1 Approval of Procedure for 3 R ALR
_ Testing & Commissioning L
2 Checking of Parameters as P W R&W
_.....| Per Procedurc
3 Measuring of Namral P W R& W N
_Potential i
4 . Measwring of TR Unit P W R&w
| Input & Qurput .
5 Measuring IR {insulation P W R&W
tesislance) value of TR
. unit
6 | Cheek Circuit Resistance P W REW | ]
7 Measuring of Stoucture Fo P W R&W !
Electrolyte Polarized :
Potential With Portable! i
Permangnt CwCus0,
Reference Cell.
8 Measuring of Individual P W Ra&W
Anode Loop Current _ o
g9 Measuring On - Instanl P W R&W
| {4f Readings
10 Running TR Unit in Aulo P W R&W | -
maode (AVCC mode) i
11 Central Monitoring P W R&W
. Sysem [CMB)
| :
Legends: A-Approval, R- Review of Records, W-Witness All, P-Perform, S-Submitted By

For CP Yendor For Main/EPC Contractor Client/EIL |
Name MName Mame ]
Sign Sign | Sign
Date Diate Diatg
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12.3 Pre-Commissioning Check Format
Project e S
Client/Crvngr ]
Consultamt | L L
Main
Contractor o _ _
CP
Contracter | L o
Ref.
Documert _
[ReporiNo. [~ —
Pre-eommissioning- Check Sheet o i
Ttem-1 Ref. Cell No. Mative Remarks
Potential
Beading (Volf)
1 L.]. H-E_l — —_ - j—
12 REZ —
1.5 RE-3
la_| _REN — —
Item-2 Anode String No. Continuity test
2.1 Al OK/NotOK |
2.2 A-2 OR/MNot OK
2.3 A3 OK/Not OK
OK/ Not OK
2n A-N OK/ Not OK
licm-3 TRU (no lvad test in | Reading
manual mode) !
3.1 AC nput voltage Volt
32 [ ACioput current Amp. L
[ 33 C ontput voltage Volt
34 : DC output current Amp.
Femarks {overall);
For CP Yendor For Main/EPC Contractor Client/EIL
Wame o Name e i Name ]
[ Sign [ [ Sign : Sign
Date i Date ' Date
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11.4 Commissioning Check Format

Proj:ct :
Client/Owner B ]
Consutant
Main Contractor
CP Contractor o
Refl Document
Report No. B
Check Sheet (potential measnrement llsi_flg perﬁiﬁ_tlent Cu/Cu80, clectrode)
Item-1 TRT Reading Remarks
L1 AC input voltage Vol B
12 | AC input current Amp.
13 DC outpul voliage valt |
1.4  DC output current Amp.
Item-2 . Permanent Ref. Cell Initial Reading after
Nuo, Readiog (Volt) | 24 hesi{Volt) 48 hrs
' {Voly)
1.1 RE-1 B
12 RE2
= RE:-3
Ln RE-N Il .
Ttem-3 Activity B Beading Remarks
3 Nawral PSP
32 Energised PSP |
P 3.3 ON I'SP
3.4 lsstOSFEOS . |y 1
35 100mV Shift 7
Femarks {(overall):
- For CP Vendor For Main/EPC Contractor Client/F1L
Name Name ! _ | Name
Sigm Sian Sign |
Drate Date Date
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Abbreviations:

BHN
cT
GA
HTB
IRS
15
LT
MOC
MT
QA
58
SWL

Brinell Hardness Number
Cross Travel

General Arrangement
High Tensile Brass

Indian Railway Standard specification

Indian Standard

Long Travel

Material of Construction
Metric Tonnes

Quality Assurance
Stainless Steel

Safe Working Load

Packaged Equipment Standards Committee

Convenor: Mr. Nalin Kumar

Members:

Mr. Shishupal Choudhary

Mr. R.R Shrivastava (Coordinator)

Mr. Manos Biswas
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Mr. Deepak Kumar
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1.0 GENERAL
1.1 This specification outlines the minimum requirements for design, engincering, manufacture
and assembly at shop, painting, inspection, testing, supply and performance testing at site of
Electric Overhead Travelling (EOT) Crane(s), complete with all accessories.
2.0 CODES AND STANDARDS
2.1 This standard is based on the following Indian Standards, and the standards referred therein,
which shall be deemed to be part of this standard:
18-3177 ¢ Code of practice for Electric Overhead Travelling Cranes and
Gantry Cranes other than Steel Work Cranes.
1S-807 ¢ Design, Erection and Testing (Structural Portion) of Cranes and
Hoists — Code of practice
I5- 15560 :  Point hooks with shank up to 160 Tonne-Specification
1S-5749 ¢ Specification for Forged Ramshom Hooks
I5- 3443 :  Specification for Crane Rail Sections
18-2266 ¢ Steel Wire Ropes for General Engineering Purposes-
Specification
15-304 : Specification for High Tensile Brass Ingots and Castings
I15-305 ¢ Specification for Aluminium Bronze Ingots and Castings
EIL 5td.- 7-76-0103  :  Instructions to Vendor for Site Performance guarantee
Requirements for Package units.
Latest revision of the above-mentioned standards as on the date of enquiry shall be applicable.
2.2 Other international standards may also be acceptable subject to their being equivalent or
superior with prior approval of purchaser.
23 For provisions not covered by the above codes & standards, applicable good engineering
practices and norms of the industry shall be applicable.
24 National laws and statutory provisions, together with any Local by-laws for the state wherein
crane is required to be installed shall be complied with.
3.0 TECHNICAL REQUIREMENTS
Technical requirements of EOT Crane shall be as per Codes and Standards referred in clause
2.1 above, subject to the following additions, deletions and modifications:
31 Addition / Deletion / Modifications to 15-3177: 2020
i) Clause no. 1.4 (Addition): For EOT cranes in hazardous area application, the
requirements of IS 3177 including the additions, deletions. modification covered in
this standard specification shall be complied along with the Special requirements for
hazardous area cranes covered in section 3.2 of this standard specification.
i) Clause no. 7.4.5.8.2 (Modification): For double girder EOT crane, a full-length
platform of minimum 750mm width shall be provided on drive side girder. Two short
Formatl Mo. 8-00-0001-F1 Rev. 0 Copyright EIL = All nghts reserved

Paade 2801 of 6631 * BO57-TENDFR DOC-R9O57-420-80-44-PG-T-7410 * Rev A



ST - ENCINEERS STANDARD SPECIFICATION  STANDARD SPECIFICATION No.
SRR

[l S N ]

FOR 6-48-0002 Rev. 8
i e i i Lirimengang E.O.T. CRANE F-Bﬂﬂ 5of8

iii)

platforms, each of minimum 750mm width and 900mm length shall be provided on
non-drive side girder at both ends. In case the panels are to be mounted on the full-
length platform, minimum clear width of 500 mm shall be ensured in front of the
panels, on the platform.

Clause no. 8.1 (Modification): Unless otherwise specified, for crane capacity of less
than SOMT, lifting hooks shall comply with IS 15560 and for crane capacity of 50MT
and above, lifting hook shall be Ramshom type and shall comply with IS 5749,
Laminated hooks are not acceptable.

iv) Clause no. 8.6 (Modification): Hook latch shall be provided on all hooks.

V) Clause no. 9.1 (Modification): Galvanized wire ropes with steel core, having tensile
designation of *1960" and of either 6x36 or 6x37 construction shall be provided.

vi) Clause no. 9.9 (Modification}: The drum shall be flanged on both ends.

vii)  Clause no. 9.11 (Modification): Cast iron drum shall not be acceptable.

viii)  Clause no. 12.1 (Modification): The wheel shall be made of forged steel. MOC of
wheel shall be grade C55Mn75 of IS 1570 (Part | and Part 2/Sec 2), 42CrMod or
superior.

ix) Clause no. 12.2 (Modification): Wheel hardness value specified is not applicable for
HTB/ Aluminium bronze solid wheels/tyres.

x) Clause no. 12.3 (Addition): In case the wheels are with HTB / Aluminium Bronze
tyres, the value of Py (limiting pressure of wheel) shall be considered as the minimum
value indicated in Table 6 (i.e. P, =5), irrespective of the ultimate tensile strength of
the steel (hub) portion of the wheel,

xi) Clause no. 12.7 (Addition): The width of wheel tread shall be at least 35 mm and
I5mm more than the rail head, for Long travel and Cross travel wheels respectively,
unless specified otherwise.

xii)  Clause no. 13 (Addition): Limit switches for LT and CT motions shall be provided in
such a way that drive motors are switched off before the buffers are pressed.

xiii)  Clause no. 13.1 (Modification): Only Spring type buffers shall be used. Resilient
Plastic / Hydraulic buffers are not acceptable.

xiv)  Clause no, 16.1 (Addition): All bearings shall be anti-friction type with dust proof
seals.

xv)  Clause no. 20 (Addition): Unless otherwise specified. grouped grease lubrication shall
be provided for each mechanism (CT, LT, Hoist's) for double girder EOT Cranes. All
grease piping shall be securely fixed. For LT motion, two groups (one at each end)
shall be provided.

xvi)  Clause no. 23 (Addition): Operator cabin shall be provided if the same is specified in
the scope of work/Job specification forming part of the tender/requisition.

xvil)  Clause no 35 (Addition): Bare conductors are not acceptable.

xviii)  Clause no 35.2 (Addition): Repair cages shall be provided below the end carriage for
maintenance of DSL (shrouded conductor system) and current collectors. The
approach to repair cage will be provided from bridge platform by a ladder.

xix)  Clause no. 35.2.2 (Modification); Unless otherwise specified, current conductor
system or DSL system shall be provided by Crane supplier.
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xx) Clause no. 53.5 (Addition): Unless otherwise specified, Radio Remote Control (RRC)
along with the following additional features shall be provided:

a) There shall be common push button for siren and START and a separate push
button for under bridge lights. Crane shall start with time delay after the siren is
blown.

b) The working range of radio control shall be limited 1o 40 — 50 m from the
transmifter.

c) EOT crane shall be supplied with Two (2) complete seis (1 working + | spare)
Radio Remote control. Each set of Radio Remote Control shall consist of
Transmitter suitable for respective electrical area classification, batteries and
battery charger.

d) Necessary operating license/ permission, if required, for the RRC system on the
Crane shall be arranged by the Vendor from the statutory bodies. License fee, if
any. should be borne by the Vendor for the first time on behalf of Owner/EIL,

xxi)  Clause no. 56 {Addition}: Electro-hydraulic thruster type brakes are also acceptable for
Hoisting motions and the same shall be provided with anti-drop circuitry to arrest

dropping of load while brake is applied.

xxii)  Clause no. 56.1.5 (Modification): Braking torque of the selected brakes shall not be
less than 125 % of computed full load torque (as per the referred clause).

xxiii) Clayse 35 to 63 — Section-3 (Modification): In case of any conflict between Electrical
Specifications of Material Requisition/Tender and electrical requirements specified in
the above referred sections of IS 3177, the former shall prevail.

xxiv) General (Addition):

a) Crane shall be designed for Mechanism Class “M3" as minimum unless
otherwise specified in datasheet.

b) Unless otherwise specified, LT, CT & Hoist motion shall also be provided with
creep speed. Creep speed shall be 10% of respective main LT, CT & Hoist speed.

c¢) The end carriage and CT crab shall be fitted with safety stops to prevent
crane/crab from falling more than 25 mm in the event of breakage of a track
wheel or axle.

d) End carriage/ crab shall be designed so as to enable the track wheels to be
withdrawn readily. Jacking pads shall be provided for jacking up the crane for
changing crane wheels,

e} For EOT crane capacity up to 50 MT, LT rail size shall be minimum IRS 52 and
for EOT crane capacity above 50 MT, LT rail section shall be as per design
calculation. However, for EOT crane capacity up to 5 MT, square bar (billet)
section of minimum 50 mm X 30 mm may also be considered.

3.2 Special Requirements for Hazardous Area Cranes

i) MOC of wheel shall be solid construction in High Tensile Brass / Aluminium Bronze /
58 or all Wheels shall be provided with High Tensile Brass/Aluminium bronze /SS
tyres on core wheel of forged C55Mn75 as per IS 1570 (Part | and Part 2/Sec 2),
42CrMo4 or superior MOC. The minimum thickness of tyres shall be 30mm at the
tread.

The minimum core diameter of the wheel on which the HTB / Aluminium bronze / 88
tyre is shrunk, shall be calculated as per the formula given in Clause. no. 12.3 of IS-
3177.
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i) Wheel hardness value as specified in Clause. no. 12.2 of 1S-3177 is not applicable for

Cranes having tyres / solid wheels of HTB / Aluminium bronze / 88.

iif) Main hoisting hook and Auxiliary hoisting hook material shall be of forged stainless
steel / bronze coated forged steel.

iv) The buffer striking surface shall be lined with HTB/Aluminium
bronze/Rubber/Polyurethane liner.

vl Any mechanism where two non-lubricated parts mate, one of them shall be of non-
ferrous material like HTB or Aluminium Bronze.

vi) Coupling guards shall be non-ferrous/non-metallic type.

vil) Al electrical components/equipment shall meet the requirements of respective area
classification.

3.3 Noise level shall not exceed 85 dB (A) at one (1) meter distance from the source of noise.

4.0 INSPECTION AND TESTING

4.1 Equipment shall be subjected to stage-wise expediting, inspection and testing at vendor's/sub-
vendor's works by purchaser/its authorised inspection agency. Vendor shall submit Quality
Assurance (QA) plan before commencement of fabrication. Approved QA plan shall form the
basis for equipment inspection.

Testing at Works

2.1 Vendor shall perform tests and inspection necessary to ensure that the material and
workmanship conform to the requirement of Clauses 64 and 65 of 1S-3177. Load and over load
tests shall also be carried out at vendor’s works,

422  Any or all the tests, at purchaser's option, shall be witnessed by purchaser/its authorised
inspection agency. However, such inspection shall be regarded as check-up and shall in no way
absolve the vendor of his responsibility.

4.3 Performance Testing and Guarantees

4.3.1 A field performance test shall be conducted by the vendor 1o demonstrate the performance of
the equipment after commissioning in accordance with PG test procedure prepared as per EIL
Standard 7-76-0103,

The procedure of performance testing shall be submitted for Purchaser's review and shall be
mutually agreed between the purchaser and the vendor.

432 A field performance test shall be conducted by the vendor to demonstrate the performance of
the Crane afier commissioning as per clause 66 of 1S-3177. Following parameters shall be
guaranteed.

i) SWL of Main and Auxiliary Hoists

i) LT, CT and Hoisting Speeds.

iii) Deflection of bridge girder (deflection shall be within the limits specified under clause
20 of I1S-807).

433  All parts of the crane shall operate satisfactorily with no undue friction, noise or display of any
other unfavourable characteristics during the performance test.

434  All equipment and component parts shall be guaranteed by the vendor against defective
material and design for a period as specified in Purchaser’s general purchase conditions.

4.3.5 If any defect occurs during the guaranteed period the Vendor shall make all necessary
alterations, repairs and replacement at their own cost.
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5.0

5.1

5.2

53
54

6.0

6.1

6.2

6.3

6.4

6.5
7.0

7.1

7.2

7.3

Necessary instruments for the performance testing shall be arranged by the vendor, and shall
be tested and calibrated before undertaking the performance test. Only test load shall be
provided by purchaser near test site.

PROTECTION AND PAINTING

Surface preparation and painting shall be done as per Specification for Surface preparation and
protective coating attached elsewhere with the enquiry/purchase document.

Surface preparation and paintings for all bought out components shall be as per respective sub-
vendor’s standards suitable for industrial corrosive environment.

The colour of Crane shall be golden yellow, unless otherwise specified.
All machined and bearing surfaces shall be protected against rust with a thick coat of grease.

PACKAGING AND IDENTIFICATION

All packaging shall be done in such a manner as to reduce the volume. The equipment shall be
dismantled into major components, suitable for shipment and shall be properly packed to
provide adequate protection during shipment. All assemblies shall be properly match marked
for site erection.

Attachments, spare parts of the equipment and small items shall be packed separately in
wooden-cases. Each item shall be appropriately tagged with identification of main equipment.
item denomination and reference number of the respective assembly drawing.

Detailed packing list in water-proof envelope shall be inserted in the package together with
equipment.

Each equipment shall have an identification plate giving salient equipment data, make, year of
manufacture, equipment number, name of manufacturer ete.

Vendor shall furnish procedure for prolonged storage of supplied equipment/ material at site.
SPARE PARTS

Vendor shall submit list of spare parts with recommended quantities and itemised prices for
first two years of operation of the equipment. Proper coding and referencing of spare parts
shall be done so that later identification with appropriate equipment is facilitated,

Recommended spares and their quantities should take into account related factors of equipment
reliability, effect of equipment downtime upon production or safety, cost of parts and
availability of vendor's service facilities around the proposed location of equipment.

Vendor shall supply adequate quantity of commissioning spares. The commissioning spares
shall be sufficient for trouble free commissioning of the system at site. Any commissioning
spares required during commissioning. over and above, the commissioning spares supplied,
shall be made available by the vendor without any cost and time implication to purchaser. If for
any reason, during commissioning, vendor needs to utilise spares from 2 years’ operation
spares (if already available at site), the same shall be replenished by vendor within a
reasonable time without any cost implication to purchaser. Any unused commissioning spares
shall be handed over to owner.
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GENERAL

This specification outlines the minitmum requirements for design, engineering. manufacturing
and assembly at shop, painting, inspection. testing, supply and performance testing at site of
Hand Operated Overhead Travelling (H.OLT) crane, complete with all accessories.

CODES AND STANDARDS

I'his standard is based on the following Indian Standard. and the standards referred therein,
which shall be deemed W be part ol (his standand:

IS 28 : | Phosphor Bronze Ingots and Castings
IS-210 : | Grey lron Castings-Specitication
_153;]4 N + | High Tensile Ingots and Castings
IS 305 : Aluminiurﬁ Bronze Iné;t.s.-;_n_d“&;stings
15:807 o | Code of Practice for Design, manulaciure, Q.l:{;f."fliul'h and 1esting

{structural portion) of cranes and hoists,

[S:1570 * | Schedule for Wrought Steels

[8:2420 : Specitication for Round Steel Short Link Chains {Flectric Butt
Welded), Grade 1.{3}

153177 | Code of Practice for Electric (verhead Travelling Cranes and
Giantry Crancs other than Steel Work Cranes. (As applicable)

[5:3443 ;| Crane Rail Sections,

15:3832 ;| Hand-operated Chain Pulley Block-Specitication, N
[S; 15560 ;| Specilication for Paint hooks with Shanl‘{- up_ I::J 160 T;r-lnﬂ,

Ell. 85td.-7-76-0103 | : | [nstructions  to vendor  for  sie performansce éuamnlﬂe

requirements for packaged units,

EIL Spec-0-81-0136 Inspection and Test Plan for HO. T crane

lLatest revision of the abvve-mentivned standards as on the date of eoguicy shall be applicable,
For hazardaus arca applicatian, allowing additianal standards shall also govern.

Cther international standards may also be acceptable subject to their being equivalent or
supetior with prioe approval of purchaser.

For provisions not covered by the above codes & standards, applicable good engincering
practices and nonns of the industicy shall be applicable.

MNational Laws and statutory provisions logether with any local bylaws for the stale whersin
package is required to be instalied shall be complied with.

TECHNICAL REQUIREMENT

Technical requircments of H.O.T Crane shall be as per Indian Standards referred in clavse2. 1
abowve, subject 10 the Tollowing additons, deletions and modificatians:
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Addition / Deletion / Muodifications to 15-3177: 1999 (Reaffirmed 2015)

vii}

vii)

xi)

xin)

xii)

xiv)
xv)

xvi)

Kvil)

xviii)

xix)
xx}
xxi)
XKX1i)
xxiii)
XXIV)
XXV}

Axvi)

Clavse ng, 4.2 b {Deletion): Clause deleted.

Clauze no..4.2.f (Deletion): The part “such as motors™ (rom senence deleted.

Clausc no. 7.4.8 {Deletion): Clause deleted.

Clauzc no. 8.1.2 (Medification): 11ook latch shall be provided on all hooks.

Clause no. 8.3 {Deletion): Clause deleted.

Clause no. 8.4 {Deletion): Clause deleted.

Clayse no. 8.5 (Deletion): Clause deleted.

Clause no, 8.6.1 {Addition): Wheels for Crane shall be double flanged when the crane

/hoist are top running type and shall be single fManged when the crane/ hoist is
underslung type. The tread and Mange of wheels shall be machined accurately to size
and flanges shall be tapered and radiused. The wheels shall be of single picee type.
Howewer for crangs working in hazardous area, wheels with 1yre of pon-terrogs

metal lurgy as specified in cl. no. 3.6 below shall be provided.

Clause no. 8.6.3 (Madification): Wheel hardness shall not be applicable for hazardous
area Cranes having HTB/Aluminivm bronge tyred wheels.

Clause no. §.6.4 (Modilicalion): For Crancs working in hazardous areas, wheels shall
be provided with HTB/Aluminium bronze tyres. The minimum thickness of tyres shall
be J0mm at the tread.

Clavse no. §.6.6 (Addition): For wheels with HTB/Aleminium bronze tyres, the
minimum 1tead diameter of the wheel on which the HTB/Aluminium bronec tyee s
shrunk, shall be caleulated as per the formula given m [S-3177.

Clause no. 8.6.11{ Addition}: The width of wheel (read shall be at least 35mm and 15
mm grealer than the il head, for Long travel and Cross travel wheels respectively,
unless specitied cthorwize,

Clause no. §.7.1 (Modification): Only anti-friction bearings shall be uscd. Bearing
enclosure shall be dust tight. Beating caps/nipples shall be provided with fittings lor
lubrication.

Clause §.7.3 {Deletion): Clause deleted.
Clause 8.8.3 {Delction): Clause deleted.

Clause §.11.2 (Modification): Buffors shall be made from resiliemt plastic, tubber or
polyurethanc.

Clause 8.12 (Dletion): Clause deleted.

Clause 9.1 (Deletion): From second paragraph the sentence “suitable guards shal] be
provided on the down shop lead side 1o prevent accidental contact between wire ropes
or hook block or lifiing attachments and live conductons™ shall be deleted.

Clause 9.2 (Deletion): The term “clectrical”™ deloted.
Clause 9.3 (Deletion): The term “clectrical™ delsted.
Clause |1.4.f({Deletion): Clavse deleted.

Clause12 to 25 (Section 3 ¥ Delction): Clavse delcted.
Clavse 26.2 (Deletion): The term “electrical” deleted.
Clavse 26.3, 10 to0 26,3 17 { Deletion): Clause deleted.
Clausc 28.1 &2({Deletion): Clause deleted.
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3.4

Aaxvin Clawse 28.3(Modification): Load test shall be carricd oul (0 the cxical applicable for

HLCET crane.

Addition / Deletion / Modification to IS 807: 2006 {Reaffirmed 2020}

1

i}

Clause no. 24.1 {Addition): End carmage shall be made from rolled steel sections welded
tagether to torm a box, The design shalt be such that the load is uniformly distributed.
For the attachment of end carriages to the main girders, gussel plates or diagonal
bracings shall be ecmployed to provide lateral steength.

End carriages shall be designed so as 1o cnable the track wheels 1o be withdeawn readily.
Jacking pads shall be provided tor jacking up the crane for changing crane wheels.

Clause no, 24.2 (Addition): Square bar type rail may be provided for LT motian, if
specified in data sheet.

Addition / Deletion / Modification to IS 3832: 2005 (Reafficmed 2020)

i)

vid)

viii)

1x)

X}

xi)

Clause no. 4.2.1 {Modification): Mcchanism class 2 shall be considered for design of
chain pulley Block onless otherwise specified in the data sheet.

Clanse no 5. 1{Addition): The frame shall be buili from steel plates with bolted/welded
construction.

Clause no. 5.2 (Addition): All gears shall be machine cat.

Clause no. 5.6 {Modification}: |'he block shall be provided with adequate facilities for
lubrication and samc shall be clearly indicated in the maintenance manual.

Clavse no. 5.7.1 {Addition). Hooks (bath top and bottom) shall be provided with satety
latches to prevent accidental nphooking unless otherwise stated.

Clause no. 5.7.1.2 (Modification): IFirst line to be modified as “Bottom hook shall be
provided with thrust beating Lo caable il 0 cotale frecly under load so as w0 prevent
twisting ot the load chain.”

Clause no. 5.10.3 (Maodification): The length of hand chain shall be such that the lowest
poinl of the suspended loop shall be 400 mm {maximum) above operaling level.

Clause no. 3. 11 (Additon): The trolley for the chain pulley block shall be geared (ype,
fabricated consiruction, 4 whecled, driven by hand chain and shall have provision for
maounting the chain polley block. ‘Itolley shall be designed to suit the suitable joist size
and the hoisting capacily.

Clase no. 111 {Addition); Following shall also be marked on Chain Pylley Block:
a) ““MNon Sparking Type™ on chain Pulley Block suitable for hazardous area.

Clause no. 11.2 {Maodification}: ‘The chain pulley block shall carry [S1 {BIS) stamp for
safe arca application,

Additiomal requircments

[y

ii)

The Crane may be under slung tvpe if specifically asked in data sheet. For under slung,
cranes. geared type four wheeled trolley shall be provided. 'The wheels/ranner shall be
suitable for the flange of the | sections used for the girders.

The bridge drive assembly shall consist of redoction gear assemblies with shali
exlensions and couplings to conmect the bridge cross shaft extenstons o (ruck whoecls,
‘The traveliing mation shall be communicated by cndless hand chain wheel to a steel
cross shaft. positively driving one travelling wheel in each end carriage. 'I'he cross shaft
shall be suitably suppored. The wheels and cross shalt shall have roiler/ball bearings.
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i1y Cross traversing motion shall be transmitled through suitable gearing by an endless hand
chain and chain wheel,

A5 The Following material shall be used Cor construction of various parts of the cranc, However,
cquivalcnt or supcrior metallurgy is also acceptable subject to review and approval by Client
A nnsultant.
S1. i _
No. Namc of Part Matcral
1. Girder (5 weldable gquality as per IS 2062 {100% Radiography Lo
be laket on all Buil welded jomnts)
2 End carnage C5 weldable quality as per [S 2062
3. Hand chaim wheel for | Cl grade 25 of 15 210, or fabnocaled steel or pressed steel
telley mcial.
4 [ tland chain for 11| Grade 1.3 as per IS 2429
amed Trolley
5. {1 wolley ('5 weldable quality as per 15:2062
. Rails for LT Crane rails as per [8:3445 or Square Bar as per [S; 2062, as
applicable,
7. Wheels [or L'F 53C8 (Ol designation:C55Mn757 as per IS: 1570 {part 2/sec
1)
L3 Gears 45C8 (Old designation:C45)as per [S: 1570 (part 2/sce 1)
9, Pinions SOCA (O designalion:C30 Y as per [S:1570 (part 2isce 1)
10. | Shafts 30¢:8 {O1d designation:¢30) as per 1S:1570 {part 2fsec 1)
I Axles 45’8 {{Od designation:{’43) as per [S: 1570 {part 2/sec 1)
12, Couplings Forged sieel as per [5: 1570

i3 Suspension pin in the | 30C4 (O1d designation: C50 ) as por IS 1370 (part 2/sec |)
trolley

Adl materials shall be of tested quality and shall conform o the standards as mentiioned above,

3.0 Special Requirements for Hazardors Arvea Cranes

3.40.1 For HALT. Cranc to be locaicd in hazardous arca, non-sparking tvpe design features shall be
incorporated. Rasic approach for such application calls for use of non-ferrous material for one
out of two matmg parts lor a nen-lubncated manngfsioking pair,

362 The suggested materials for such componcnts arc as follows

f Materinl of Construction O]

Pirt/Component

A | Lifling Mechanism

Fatchet wheel, chain guides sohd construction in Alumitium Bronze’ High
Tensile Brass /Stainless Stec]

Hand chain wheel solid construction  of Aluminium  Bronze!
Phosphor Bronze/ High Tensile Brass /Stainless
Steel !

Load chain wheel Solid consituction in Aluminium Bronze! Eligh |

Tensile Brass/Stainless Steel

Format Ng. 5-00-p001-F1 Rey. 0 . Copyright EIL — All fights reserved
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Hook (T'op & bottom) Bronree coated forged steel/Bronze coated lorged

3403

34604

44
4:1

4.2
4.2.1

4.2.1

4.2.3

4.2.4

alloy steel/FPorred Stmnless Stegl

| Trolley Mechanism

Hand chain whoel guides Solid construction  in Aluminium  Bronze/
Phosphor Bronze! High Tensile Brass fStainless
el e
Hand chain wheel Solid construction of  Aluminium Bronze/
Phosphor Bronze! High Tensile Brass /Stainlcss

Stec]
Ungeared and geared wheels Solid construction in Aluminium Bronze! High

Tensile  Brass/Stainless  Steol o Ty of
Aluminium Bronze/ 1igh Tensile Brass
{Stainless Steel shrunk Otled on core wheel of
Ci5Mn 75 ot equivalenl/superior MOC.,

C LT Mechanism

I T wheels Solid construction in Aluminium Bronze/ High
Tensilc Brass /Stainless Steel or Tyre of
Aluminivm  Bronze/  High Tensile Brass
fBtainless Steel shrunk fitted on core wheel of
C55Mn 75 or eguivalentsuperior MOC.,

P*hosphor Bronze, High Tensile Bruss and Aluminium Bronze shall conform o IS5 28, [S 304
and IS 305 respectively.

The minimum thickness of Grres shall be 30mim at the iocad.

INSPECTION AND TESTING

Equipment shall be subjected to stage wise inspection and testing al vendor's/sub-vendor's
works by purchaser/its authoriscd inspection agency. Vondot shall list out all items in the
H.O.T Crane for inspection categorization. Subsequently. detailed Quality Assurance Ilan
(ALY shall be submitled for review / approval. Approved Quality Assurance (QA) plan shall
form the basis for equipment inspection,

Testing at Works

Vendor shall perform tests and inspection nccessary to ensure that the material and
workmanship confirm to the requirement of this specification.

Vendor shall submit to the purchaser. for his review and comments, detailed procedures [or
all running tests and all specified oplional lests, including acceplance coteria for all monitored
parameters, Inspection and Test Plan (ITP) for H.O.T cranc is attached with the requisition,
The same shall form basis of Inspection and Testing of the package. For the items for which
no II'P has been attached with tequisition, vendor shall furnish their job specific ITP during
detail cngincering which shall be subject to review! approval by purchaser/its authorised
inspection agency.

Testing at vendors works shall be carried out in accordance with 15:3177 and 3832 and shall
include following 1ests as mintmum;

- Full load and 125% overload test for hoist & ¢ross travel motions al works {chain
pulley block shall be separately tested for operational proof as per cl. No. 9.2 of i§
J8312),

- Deflection Test at Works.

Any or all the tests, at purchasce’s option, shall be witnessed by purchaser/its authorised
inspection agency.

Fomat Ho_ 8-30-0301-F1 Rey. 0 Copynght EIL — All rights reserved
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The shop tests hesides being witnessed by Turchaser’sfConsultant's Inspector may also be
wilnessed by Gwner's/Consullant's cquipment spocialists, Vendor shall inform the purchaser
about the scheduled test dates six {6) weeks in advance and reconfirm the firm date of 1esting
one (1} week in advance

4.2.5 Acceplance of shop 1es1s shall not constitute a walver of requirements to meet field tests or
performance guarantee under the specified operating conditions, nor such inspection & testing
shall ahsolve the Vendor ol his responsibilitics in any way whatsoever,

However, such inspection shall be regarded as check-up and in no way absolve the veador of
his responsibility.

4.3 Performance Testing and GGuarantecs at Site

4.3.1 A fleld performance test shall be conducted by the vendor to demonstrate the performance of

the cquipment after commissioning in accordance with test procedure prepared as per EIL
Standard 7-76-0103.

43.2 Testing at site shall be carried out in accordance with IS: 3177.Following parameters shall be
guaranteed and demonstrated during the perfommance 1esting,
i) SWL of Hoist
ii) Deflection of bridge girder (dellection shall be within imits specified in TS-807)
4.3.3 All parts of the crane shall operate satisfactorily with ao undue friction, noise or display of

any other unlavourable characteristics during the performance test.

434 All equipment and componeat parts shalt be guaranteed by the vendor against delective
material and design for a period as specified m Purchaser’s gencral purchase conditions,

4.3.5 It any defect oceurs during the puarantesd period the Vendor shall make all necessary
allerations, eepairs and replacement at their own cost.

416 Necessary wastruments for the performance testing shall be arranged by the vendor, and shall
he tested and calibrated before undertaking the performance test. Only west load shall be
provided by purchaser near Lest sike.

50 PROTECTION AND PAINTING

5.1 Unless otherwise specified in job specification, surface preparation and paitting system for
fabricated ilems shall be as below:

Surface Primer Finish Paint
preparalion
| SSPC-SP-10 e One (1} comt of F9|e Two (2)couts of F-6B (polyamide
(SA-2 %) {Inorganic  zinc  silicate cured cpoxy resin medium suitably
i coating) @ 6373 pm pigmented) @@ 100 um DFT/coat
1" Tonat.
« One (1) coat of 16|« One (1) coat of F-2 (Acrylic-
(Epoxy zing  phosphalc Polyurethanc finish paint) @ 40pm
primery @ 40 pm M T/coat.
DF T/coat,
Total DFT of Primer + Onish shall
be 345 {minimum).

Refer Table Nos. 5.1, 5.2 and 5.3 attached at the end of this specification [or the propertics of
different paints (primer/finish paint) as mentioned above,

Fomat No. 8-00-0001-F1 Rev. & Copyright EIL — All rights reserved
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52

33

54

33

6.0

6.1

0.2

6.3

6.4

7.0
7.1

7.2

7.3

Stainless stecl surfaces, both inside and ontside, shall be pickled and passivated.
Machined and bearing surdaces shall be prolected with thick couat of preasc.

Surface preparation and paintings for all bought out companents shall be as per respective sub-
vendor's standards suitable tor industrial corrosive environment.

The colour of Crane shadl be golden vellow (RAL 1004}, unless otherwise specified.
PACKAGING AND IDENTIFICATION

All packaging shall be dong in such & manner as to reduce the volume. The equipment shall be
dismantled inta major components, snitable for shipment and shall be properly packed o
provide adequale protection during shipment. Al assemblics shall be prapoely match marked
[or site crection,

Attachments, spare parts of the equipment and small items shall be packed scparately in
wooden-cascs. Each item shall be appropriately tagged with identification of main equipment,
item denomination and reference number of the respective assembly drawing.

Detailed packing list in water-praot envelape shall be inserted in the package together with
equipment.

Each cquipment shall have an identification plate giving salient equipment data. make, year of
manutactore, equipment number, name of manufacturer ete.

Vendor shall furnish procedure for prolonged storage of supplied equipment! material at site.
SPARE PARTS
Vendor shall submit list of spare parts with recommended quantitics and itemised prices for first

two years of operation of the equipment. Proper coding and referencing of spare parls shall be
done so that later identilication with appropriale equipment s [acilitated.

Recommended spares and their quantitics should ake it account related factors of equipment
teliability, effcct of equipment downtime opon production or safety, cost of parts and availability
of vendor's service facilities around the proposed location of squipment.

Vendor shall supply adequate quantity of commissioning spares. The commissioning sparcs
shall be sulficient for trouble free commissioning of (he system at sitc, Any commissioning
sparcs reguired dunag commissioning, over and above. the commissioning spares supplied,
shall be made availahle by the vendor withou! any cost and time /mplication o purchaser, If for
any reason, during commissiomng, veador nocds o wiilisc sparcs [oom 2 ycars” aperation spares
{if alrcady available at site), the same shall be replenished by vendor within a reasonable time
without any cost implication to purchaser. Any nnused commissioning sparcs shall be handed
O¥ET I OWIEL
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TABLE No. 5.1 PRIMERS
SL DESCRIFTION P2 r-4 |5 1 7
Na. .
Chlorinated Exch Epaxy zink ZINGA,
. rubber Finc primer/wash phosphaie primer | LOCKTITE or
! Technical o |y nute peimer, | primer ZRC
cold gabmnizing
Single pock, ait | Twa patk Two compoaet  FOne pack
drying chlorinated | polyvinyt hurynal | polvamine cured | Symthetic Resin
rubber baged resin medism SPONY resin basad zinc
madim caned with mediwnm, gatvaqizing
2 Type and composition | plasticised with | plospheric acid  [pigmented with | contaiming min
unsaponifiable sohition zing phosphate, | 92% of slectrolyiic
plasticizer, pigmented with zin: dust of
pigmended with | zinc ttroxy O 95% pority.
zinc phosphte. ¢hromats.
3 [ Voluoe Solids % 40 £3 101 501 AT%
D¥T {Dry Film
4 | thickmess) per ooat in 40-45 B-10 40-50 40-50p
micnny
Theoritical covering }
3 capacity in Micoat litre 8-10 5-10 B-i9 4mtfkg
Weight pe litre in N .
6 ket E.3+0.05 1.2+0.05 1.4:0.05 257 kg ot 15°C
Towch dry st 30°C .
7 {asin ) 3 mivutes 2l After 30 min. ll_JJnimms
g |Flanddry s 3C Bhrs. 24 b, 8 b 24 has,
{meximum.)
9 |Overcoatiog interal Min.: 8 hna Min: 4-6 hrs. Pein. : By Min.4 hea
Pot like at 30°C for two Not . .
[[¥] companent paits Applicable Not applicatile &-8hn. Unbirsited
jy |Temperature (R asigtance 60°C NA BI"C 54°C
{Tindmiam) Dy service [ Dy service By service Liry strvice

Formmat Mo, 5-00-0001-F1 Rev. 0
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TABLE No. 5.2FINISII PAINTS
:,1; DPESCRIFTION _ F«1 F-3 F&AB F-6C F-7
Acrylio Chlorinated . . High build coal
| | Technicaloame [Polyurcthane|mubbes based |EPOy-High Build[Sobvent less| B0
finish pabm | fisdsh pajnt | %P8 FPoxy oA | conting,
Single paxk|F6A ) Two-pﬂ_ck Two Toro. pack
plasticised Aromaic  xnine m.k* i
. . loured  with | polyamids
Two-pack  [chlorinated  |cured epoxy resmn |, - x
aliphatic  Jrubber based [medium  suirably ) oured  cpoxy
Type end . - ) Adduct; resin - blended
2 com isocymnale eedinn  with | pigneented. ca d with i
eompoS: cured scrylic|chemical and [F-6B:  polyamide tulyze acin | i oaltar
finish paim. {westher cwred epoxy resin i T
. ; . suitshly snitnbly
resiztant medium  switably | oo g igmented
piEmenis. pigmenied Phgme P
3 | volume Solids % 40+ 3 35a2 03 [y (%]
DFT {Dhy Fitm )
4 ]thicknest} per coat in 30-40p 30-4 001250 200-500 L0G-125p
Mmrans
Theoritodl cover
5 ity i 11-§5 11-15 56 2.3 5.24.5
M“I'“ e
6 |Nogpalierin g 500 | Lissom 1.4220.03 1404001 | 1402003
T | Touch dry mt 30°C. 30 minutes | 30 minges 3 hre. 3 hos. 4 by,
Hard dey ;1 H)*C
16 b
{max) 8 brs 48 hes
B |Full cure a1 30°C (for i 5 days 15 hrs
immersion/ bigh Jdays
temperaiure ervics)
¢ |Overcosting inerval | Min 12 hrs. Min.: Mic.: Overndght | Min: Shs. | Min:24lus
al 38°C Crvamight M 5 days Meo: 48 bus. | Max.: 5 days.
Fot vilz {approx ) &t
18 {30°C fox two 6-8 brs. T 46 brs Wuitmes | 46 hrs.
component paints PP
Temperatars: 120°C{ Ty
Resigtance g0°C &0 80°C service), 125%C
11| (iuinimum) Dy sarvice | Immersion Dry sarvi 0'C Immersion
il seTvioe sarviee {Immecrsion servica
service}

Fonmal Mo, 8-00-1004-F1 Rey. 0
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TABLE No. S3FINISH PAINTS

No PDESCRIPTION FA F-9 E-11 EF-12
Self priming type Hem resistant .
surface tolerant synthetic mediam | "o resant
. high build epoxy Inorganic Zinc based two pack . .
! Tocknical name coating (camplete | silicase coating | Alvminfun paini At::n'::;m paint
nust control switablevpto | ¥ dryl:z?lp
caating). 256°C dry temp. :
A& oo pack air :
Twu pack epoxy | drying self curing
suitable inorgaaie zine H“I“ .‘“::'i"':m Single pack
pigmented ard ) silicate conting with besed two pack silicone resin
2 Type & composition. capabie of minamum 50% zik based medliam

.adheringta | content om dry film. *m‘:“mf;“ with Algminfum
mamally The final cure of fhakes.
prépared surface | the dry fitm shal) 250°C.

and old coating. | pss e MEK rub

[.-LiH
3 | Violane Sobids % 7823 6043 3820.03 Z0x3
DET (Dry Film
4 | drickmess) per cost in 180125 63-73p 15-20p 152y
microns
Thearitical covering
5 | capacity in Mcom/ 6.0-72 5-9 1012 8-10
Tire
Wei fiter 1n
6 | ‘3*“1. per 141003 2 3:0,03 0.99:0,03 1.00+0.03
7 E':‘;'L:’ufnf e 3 hs. 30 mivutes. 3 bus. 36 minutes
Hard dry at 30°C
(maximun) 24 hes 12 12 hrs 24 hes
8 | Full cure 30°C (fos
immersion fhigh Sduys NA NA NA
beingaratune Service)
9 | Overcouing interval | in: 10k | M ‘?nww Min. 24 hrs Min.: 24 hrs
10 E:‘m';f: ':acmﬁ" ™0 | 00 minumes. 4-6 bars. Not spplicable | Not applicable
1t | Fempacanre B0°C 400°C 250°C 00°C
Resistance {minimum) Dy servies Dy service Dy sexvice Dy service
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NOTES (for tables 5.1 to 5.3):
1. Covering capacity and DFT depends on method of application. Covering capacity
specified abave are theoretical. Allowing the Josses during application, min specified
DFT should be maintained.

2. All priters snd finish coats should be cold cured and air drying unless otherwise
specified.

3. All paints shall be a;:ph’ad in accordance with mapufacturer's insiructions for surface
preparation, mervals, cwring and application. The srface preparation, quality and
workmanship should be ensured. In case of conflict between this specification and
manufacturer’s recommendation, the same shall be clarified through Ell. SMMS

department.
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Abbreviations;
A Ampere
AC Alternating Current
BIS Bureau of Indian Standards
BS British Standard
CNT Close-Neutral-Trip
CEA Central Electricity Authornity
CPRI Central Power Research Institute
CRCA Cold Rolled Cold Annealed
CT Current Transformer
DC Direct Current
EPDM Ethylene Propylene Diene Monomer
FBT Fast Bus Transfer
FRP Fiber Reinforced Polyester
MV Medium Voltage
Hz Hertz
IAC Internal Arc Classification
[EC International Electro-Techmical Commission
IEEE Institute of Electrical & Electronics Engineer
mw Ingress Protection
kV Kilo Volt
kW Kilo Watt
kWH Kilo Watt Hour
LED Light Emitting Diode
LOTO Lock-Out Tag-Out -
LSC Loss of Service Continuity
MCB Miniature Circuit Breaker
MCC Motor Control Center
MCCB Moulded Case Circuit Breaker
NEMA WNational Electrical Manufaciurers Association
NO Normally Open Contact
NC Normally Close Contact
OTMS Online Temperature Monitoring System
PO Purchase Order
PT Potential Transformer
PU Polyurethane
p.u. Per unit
PVC Poly Vinyl Chloride
RAL Reichs-Ausschuss fur Lieferbedingungen
SFs Sulphur Hexafluoride
SWG Standard Wire Gauge
VCB Vacuum Circuit Breaker
VDE Verband Deutscher Elektrotechniker
VFD Variable Frequency Drive
VT Voltage Transformer
XLPE Cross linked Poly Ethylene
Electrical Standards Committee
Convener: Mr. Harish Kumar
Members: Ms. Arvind NP Singh Mr, Raman Sood
Mr. Bishan Dass Mr. Rajiv Kumar Saha
Mr. Vijay Kumar Ms. Shirali Agearwal

Ms. Rashmi Singh Rathaur
Mr. Rajesh Sinha (PDD)

Mr. Ayush Mathur (Projects)
Mr. G. Suresh (Inspection)
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2.0
2.1

2.2

2.3

24

2.5

3.0
31

32

SCOPE

This specification covers the design, manufacture, testing, packing and supply of indoor,
drawout type Medium Voltage Switchboards >1 kV up to and including 33 kV, meorporating
Vacuum or SF; circuit breakers.

CODES AND STANDARDS

The equipment shall comply with the requirements of latest revision of the following standards
issued by BIS, unless otherwise specified:

IS: 1248 Direct acting indicaling analogue electrical measuring instruments and their
accessories

IS; 2071 High Voltage Test Technique

IS: 2544 Poreelain post-insulators for systems with nominal voltage greater than 1000V

1S: 2705-1 Current transformers specification: Part 1 General Requirements

IS: 3618 Specification for phosphaie treatnient of iron and steel for protection against
COTrosion

IS: 5082 Wroughit aluminium and aluminium alloy bars, rods, tubes, sections, plates
and sheets for electrical applications

IS: 5578 Guide for marking of insulated conductors

15: 6005 Code of practice for phosphating of iron and steel

15: 16227 Instrument transformers

IS: 11353/

IEC 60445 Basic and safety principles for man-machine inferface marking and
identification - identification of equipment terminals conductor lerminations
and conductors

[5: 137034 Specification for low - voltage fuses for voltages not exceeding 1000V AC or
1500V DC : supplementary requirements for fuse links for the protection of
semiconductor devices

IEC 60282-1  High voltage fuses — Current Limiting fuses

IS/IEC 60168  Tests on indoor and outdoor post insulators of ceramic material or glass for
systems with nominal voltages greater than 1000V

13/ IEC 60529 Degree of Protection provided by Enclosure

ISAEC 62271 High Voltage Switchgear and Controlgear

(Part 1, 100, 102, 103, 105, 106, 200, 201, 301)

IEC 62271 High Voltage Switchgear and Controlgear

In case of imported equipment, standards of the country of origin shall be applicable, if these
standards are equivalent or stringent than the applicable Indian standards.

The cquipment shall also conform to the provisions of CEA Regulations with latest
amendments and other statutory regulations currently in force in the country.

In case Indian standards are not available for any equipment, standards issued by
IEC/BS/VDE/IEEE/NEMA or equivalent agency shall be applicable.

In case of any contradiction between various referred standards/specifications/datu sheet and
statutory regulations, most stringent requirement shall govern and decision of Owner/ FIL in
this regard shall be final and binding.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of art technology and proven track record
of the manufacturer of similar product. No equipment without mandatory type test shall be
offered.

Vendor shall ensure availubility of spare parts and maintenance support services for the
offered equipment for at least 10 years from the date of supply.

Format Mo, 8-00-0001-F1 Rev. 0

Copyright EIL — Al rights reserved

Paage 2823 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A




SPECIFICATION STANDARD SPECIFICATION No.

ﬁﬂm.mem._%@ MEDIUM VOLTAGE 6-51-0001 Rev. 8

SWITCHBOARDS Page 5 of 16

i3

4.0
4.1

4.2

43

5.0
5.1
5.1.1

5.1.2

313

5.1.5

Vendor shall give a notice of at least one year to the end user of equipment and EIL before
phasing out the product/spares to enable the end user for placement of order for spares and
services.

SITE CONDITIONS

The switchboards shall be suitable for installation and satisfactory operation in an air
conditioned/ pressurised sub-station or in a substation with restricted natural air ventilation or
in a covered shed/ enclosed eclectrical room (e-room) in a tropical, humid and corrosive

atmosphere.

The switchboards shall be designed to operate under site conditions as specified in the data
sheets, If not specifically mentioned thersin. a design ambient temperature of 40°C and an
altitude not exceeding 1000 metres above mean sea level shall be considered.

All equipments described in this specification are intended for continuous duty aperation, as
per nameplate rating under the specified ambient conditions, unless indicated otherwise.

DESIGN AND FABRICATION REQUIEMENTS

Enclosure and Protection

The Medium Voltage Switchboard shall be metal-enclosed and shall comprise of standard pre-
fabricated, cold-rolled, sheet steel units, assembled to form a rigid, freestanding, dead-front
structure. As a minimum, 2mm (14 SWG) CRCA sheet steel shall be used for all front and rear
doors and covers, and 1.6mm (16 SWG) CRCA sheet steel for inter-panel partitions. Wherever
required, stiffeners shall be provided to increase stiffness of large size doors and covers,

As an alternative to CRCA, Aluzinc/pre-galvanised sheet steel can also be provided for
internal inter-panel partitions only. However, all external surface shall be of CRCA with

specified paint shade.

Vertical panels shall be assembled to form a continuous ling-up of uniform height both for HV
chamber as well as control chamber. Rear extension panels shall also be of full height.
However, HV chamber height can be different from control chamber height.

The switchboards shall be totally enclosed and vermin-proof. If necessary, openings for
natural ventilation shall be provided. These shall be louvered and provided with wire mesh
having opening less than 1mm. Design of louvers/ opening shall be such that the arc does not
come out in case of internal arc. The same shall be type tested for intermmal arc, as specified.
The enclosure shall have complete protection against approach to live parts or contact with
internal moving parts (IP-4X) as per IS/IEC: 60529,

All openings, covers and doors shall be provided with suitable Neoprene/ XLFE/ EPDM
gaskets around the perimeter to make the switchboard dust and vermin proof.

Each unit of the switchgear shall have necessary internal sheet metal bartiers to form separate
compartments for circuit breaker, busbars, instruments and relays, cable connections etc,
Compartments for cable connections shall allow cable termination and connection work with
the switchgear energised. Suitable interlock shall be provided such that cable compartment can
be opened only when earth switch is ON or Earthing truck is inserted.

The panel shall be internal arc tested as per IS/IEC 62271-200 requirements for full short
circuit current and for a duration of 0.5 second (minimum) unless specified otherwise in job
specification/ datasheet and shall be qualified to comply with all the 5 criteria as per IS/[EC
62271-200. Independent pressure relief devices shall be provided for all HV compartments,
i.e. bus bar, cable and breaker compartments and each compartment shall have type test
certificate for internal arc classification (IAC) as per IS/IEC 62271-200 for the short circuit
current and duration as specified. IAC test shall be conducted on the offered pauel variants
such as smallest width panel, panel with louvers, panel with thermography window and any
other variants (as applicable) as per job requirements. The panel shall also be AFLR tested as
per IS/IEC 62271-200 requirements.
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For panels having busduct entry in place of cable entry, busduet interface with panel shall be
such that it does not interfere with the IAC type tested design of panel. Separate rear extension
panel shall be provided for the Busduct entry. Wall through bushings shall be provided at
interface point between busduct and panel.

In case vendor has considered pressure relief/ gas duct above switchboard for release of gases
due to internal arc; vendor shall preferably provide suitable absorbers in the switchboard to
prevent the release of harmful gases in the switchgear hall. Alternatively, duct including all
accessories/supporting arrangement/sealing material/bends/installation material etc. shall be
provided for evacuating harmful gases. The offered arrangement of pressure relief/ gas duct
shall be as per type tested design.

5.1.7  All identical equipment and corresponding parts shall be fully interchangeable.

5.1.8  Safety barriers / shutters shall be provided to permit personnel to work safely within an empty
compartiment with the bus bars energised. Loss of Service Continuity (L.SC) category of the
switchgear shall be LSC2B as per IS/TEC-62271-200.

5.1.9 It shall be possible to extend the switchgear in either direction at a later date. Ends of bus bars
shall be suitably drilled for this purpose. Panels at extreme ends shall have openings, which
shall be covered with plates screwed to the panel. Details of drilled holes in bus bar and
openings in the panels, provided for future extension shall be clearly shown in the vendor
drawings.

5.1.10 The drawout carriage on the switchboard shall have three positions: "Service”, "Test” and
"Drawout” viz:

- "Full in" or "Service" position - In this position both power and control circuits shall
be connected. This shall be the normal operating position of the circuit breaker.

- "Test" position - The power contacts shall be disconnected in this position but the
control connections shall not be disturbed, it shall be possible to close and trip the
breakers w1 this position.

- "Draw out" Position - both power and control circuits shall be disconnected in this
position. Alternatively, “Test Position” with the secondary control eircuit disconnected
may be provided in lieu of “Draw out Position™

Circuit breaker operation shall be possible only in “Service™ and “Test” positions. The circuit

breaker shall be lockable in "Test" / “Draw-out” positions. Automatic safety shutters shall be

provided to ensure the inaccessibility of all live parts after the carriage is drawn out, -

There shall be a distinct overall door for the breaker compartment, which can be closed with
the carriage in drawout position and it shall be lockable type.

5.1.11 All circuit breaker modules of the same rating shall be inter-changeable. Suitable interlocks
shall be provided to prevent the following operations:

- "Plugging in" or "drawing out” of a closed hreaker.
- "Plugging in" a breaker with the earthing isolator closed.
- "Closing” of the earthing isolator with the breaker "plugged in".

- Pulling out the auxiliary circuit plug with the breaker in the service position. Pushing
in the breaker to the service position. with the auxiliary circuit plug not in position.

Additionally, the following shall also be provided:

- All operations such as breaker rack-in, breaker rack-out, breaker On/Oft, spring
charging, earth switcl: On/Off ete. shall be possible only with panel door closed.

- Pad locking arrangement shall be provided for rack in operation of breaker as well as
for the panel door meeting LOTO requirements.
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5l.12

5.1.13

i.l.l14

3.1.15

J.1.16

- g
5.2.1

5.2.2

523

5.24

LOTO arrangement shall include provision for the following:

a) Provision for hooking lockout devices by multiple lock arrangement to prevent
opening of panel door and racking-in of circuit breaker.

b) Provision for attaching tag-out device for warning against energisation and to
provide information regarding date of isolation, agency working on the
equipment, efc.

c) Provision for Hasp such that the same shall be put-in and closed in the locking
arrangement of the breaker/switch and panel door.

All hardware shall be carrosion-resistant. All joints and connections of the panel members
shall be made by zinc-passivated high-quality Grade 8.8 or superior steel bolls, nuts and
washers, secured against loosening.

Suitable eyebolts/ lifting clamps shall be provided for the lifting of the panel/shipping section,
The bolts, when removed shall nol leave any opening in the pancls.

If specified in job specifications/datashect/Tender, light/ are/ pressure based sensors with
controller shall be provided to quickly detect intenal arc and immediately initiate tripping
action,

Thermography window for infrared electrical inspection shall be provided if specified in job
specifications/datasheet/Tender . The switchgear with thermo-graphy window shall be type
tested and certified for internal arc faults as per IS/IEC 62271-200 requirements. Tn case IAC
tzst report with thermography window is not available, IAC test report to be submitted for the
panel along with intermal arc withstand capability report for the material used for

thermography window.

MV Switchgear shall be provided with online wireless temperature monitoring facility if
specified in job specifications/datasheet/Tender. The passive sensor shall be wireless, battery
less, dielectrically safe, robust to high voltage, high electromagnetic field, and harsh
enviromment. It shall take direct measurement of temperature from critical points. This facility
shall be interfaced with Substation Automation System/ ECS.

In case online temperature monitoring system (OTMS) for real time monitoring of temperature
is being provided for MV switchboards, thermography window is not required.

Accessibility

All relays, metering, and control components shall be mounted on the panel front only.
However, auxiliary contact multiplier relays with auto reset can be mounted inside the panel.

The switchgear shall be considered to be accessible to authorized persounel having access all
around and shall be tested for following type of accessibility as per IS/1IEC 62271-200;

Type of accessibility : AFLR

where

Accessibiiity type A ; Restricted to authorised personnel only
F : for front side

L : for lateral side

R ! for rear side

Checking and removal of components shall be possible without disturhing adjacent equipment,
All equipment shall be easily accessible. It shall be possible 1o set all measuring relays and
mstruments in-situ without de-energising the switchboard. All mounted equipment shall have
identification lags of self-sticking PVC tapes at the rear also. In addition, permanent
identification details shall be provided on the panel. Mounting of relays for a narticular
breaker feeder panel shall be limited to that particular feeder only.

All terminals shall be shrouded with plastic covers to prevent accidental contact.
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5.3.7

53.8

339

53.10

5.3.11

54
54.1

Bus Bar

The switchboard shall comprise of 3-phase bus bars which shall extend through all units of the
switchgear line-up. The main bus bars shall have uniform cross-section throughout their length
and shall be sized 10 carry continuously the rated current specified in the data sheet.

Bus bars shall be of high conductivity electrolytic aluminium or copper supported on
insulators made of non-hygroscopic, non-inflammable material with tracking index equal to or
more than that defined in Indian standards. Self supporting busbars can also be accepted
provided the same is type tested design.

Bus bars shall be housed in a separate chamber and shall be accessible for inspection. Wire
guards /cover shall be provided inside the enclosure Lo avoid accidental contact when the cover
is removed.

Both bus bars and the supports shall be adequately sized and braced to withstand the specified
short-circuit current for | second. Dynamic stresses shall be calculated on the basis of the
specified peak short-circuit current. All bus bars supports shall be of non-carbonising material,
resistant to acids and alkalies.

Bus bars shall be insulated by using heat-shrinkable sleeves or glass fibre tubes suitable for
withstanding heat under worst operating condition as per type tested design. The sleeves/ tubes
shall be rated to withstand the system line-to-line voltage for | minute. This shall be verified
by a type test in which the line voltage will be applied between the sleeved/ tubed main bus
bar and an aluminium foil wrapped closely around the insulation over a length of at Teast
500mm,

All bus bar joints and all tap-off connections from the main horizontal bus bars shall be
provided with removable FRP/PU/PVC/EPDM/Nylon shrouds. The material of the shrouds

shall be flame retardant (FR).

Bus bars shall be prominently marked with Red, Yellow and Blue colour rings/ stickers for
easy phase identification at regular interval and at every power tap off point.

The thermal design of the bus bars shall be based on installation of the switchgear in poorly
ventilated conditions. The cooling air volume shall take into account only the bus bar
enclosure.

The hot spot temperature of busbars, including joints, at design ambient temperature shall not
exceed 100°C under normal operating conditions while for silver plated joints, the allowable
maximum temperature shall be 115"C in line with IS/[EC-62271-1.

Only zinc passivated high tensile strength high-quality Grade 8.8 or superior steel holts, nuts
and washers shall be used for all busbar joints and supports. Also, instruction label for torque
tightening of busbar coupling shall be provided on switchboard,

The current rating as defined for switchboard and components in data sheet/job specification
are for design ambient temperature at site conditions and for being inside the cubicle at fully
loaded condition. The vendor shall suitably derate the nominal rating to suit the above
condition,

HV Power Connections

The incoming power connection shall be through XLPE cables / busduct and outgoing power
connection shall be through XLPE cables/ busduct, as indicated in the data sheet. Ample space
for connection of these cables shall be provided at the rear of the switchboards. In order to
avoid accidental contact in the cable compartment while carrying out inspection by opening
the rear cover, a removable expanded metal barrier/ wire mesh shall be provided in the cable
compartment. In order to facilitate mfra-red electrical inspection through thermography
window, metal barrier/ wire mesh may not be provided. Non-magnetic cable gland plates shall
be provided for feeders wherever single core cables are used.

Format No. 8-00-0001-F1 Rew. 0 Copyright EIL - Al rights reserved

Paade 2827 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A




SPECIFICATION STANDARD SPECIFICATION No,

% ENGINEERS b

ﬁﬂ_._.ewm%‘ﬂ] MEDIUM VOLTAGE SO 180003 Naiv. 6
SWITCHBOARDS Page 9 of 18

54.2 The switchboard shall be supplied complete with supports for clamping outgoing and

543

544
5.5
5.5.1

3.3.2

5.5.3

554

5.55
55.6
55.9

5.6
3.6.1

incoming cables. The head-room available between cable gland plate and terminal lugs shall
not be less than 600 mm for switchgear up to 11 kV, and 900 mm for 22 and 33 kV cables.

In case, the standard panel depth cannot accommodate the specified number of cables, a rear
extension panel of full height shall be provided. An earth strip shall also be brought to this
extension panel.

Unless otherwise specified, all power cables shall enter the switchboard from the bottom.

Auxiliary Wiring and Terminals

Inside the cubicles, the wiring for control, signalling, protection and instrument circuits shall
be done with BIS approved, PVC/XLPE insulated, flame retardant low smoke (FRLS) type,
copper conductor wire. The insulation grade shall be 660 V. FRLS shall be embossed on the
inter-pane] wires,

The wiring shall preferably be enclosed in FRLS plastic channels or neatly bunched together.
Wiring between HV breakers or cable compartments (o relay and metering compartments shall
be routed through FRLS flexible conduits. FRLS shall also be embossed on the plastic
channels/ flexible conduits. However, as an alternative to FRLS embossing, manufacturer
compiiance for FRLS plastic channels/ flexible conduits in form of certification can also be

accepted.

A minimum of 10% spare terminals shall be provided on each terminal block. Conductors
shall be terminated with adequately sized compression-type lugs for connection to equipment
terminals and strips. Stranded conductors shall be soldered at the ends/ erimped with suitable
lugs before connections are made to the terminals. Sufficient terminals shall be provided on
each terminal block 1o ensure that not more than one outgoing wire is connected per terminal,
Terminal strips shall preferably be separated from power circuits by metal barriers or
enclosures. All spare contacts of auxiliary relays, timers, ete shall be wired up to the terminals,

Each wire shall be identified at both ends by correctly sized PVC ferrules. Shorting links shall
be provided for all CT terminals.

XLPE/ PVC insulated copper conductor of cross section 1.5 mm’ may normally be used
provided the control fuse rating is 10A or less, For 16A control fuse circuit 2.5 mm’ copper
conductors shall be used. Each wire shall be terminated at a separate terminal. CT Circuit
wiring shall be done with 2.5 mm’ copper conductors. Shorting links / suitable shorting
arrangement for shorting CT secondary shall be provided.

Unless otherwise specified, all controf cables shall enter the switchboard from the bottom,
Supporting facilities shall be provided for clamping the control cables.

All inter-panel control wiring within each shipping section shall be by switchgear vendor. The
inter-panel wiring shall be taken through PVC sleeves or suitable grommets. For inter-panel
wiring between the shipping sections, wires in rolls of the required length, conuected at one
point, shall be supplied with the panel for connection at site,

Control and Indication

Breaker tripping, closing and spring charging devices shall be fed with DC control power
supply. The rated DC voltage shall be as specified in the data sheet. The power supply for
breaker opening, closing and indication devices shall be arranged as follows:

a. One DC feeder shall be provided for each bus section. The bus coupler panel may be
fed trom any of the two supplies.

b. One separate, single-phase power supply shall be provided for cach bus section for
feeding space heaters, etc, Supply voltage shall be 240 V AC, unless otherwise

specified.
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Provision to receive DC and AC control supply shall preferably be provided in bus-coupler
panel / bus PT panel.

5.6.2 Breaker positions (CLOSE, OPEN, spring-charged, test positinn, service position) shall be
indicated mechanically. Test & service position viewed through viewing window is also
acceptable. Electrical indications, with colours as given below, shall also be provided:

Breaker ‘CLOSED’ : Red lamp
Breaker ‘OPEN’ ! Green lamp
Breaker ‘ Auto-trip’ : Amber lamp
Trip circuit healthy : While lamp
Spring charging ; Blue lamp
5.6.3 A common DC control supply fail indication shall be provided for each bus section with a blue
coloured lamp.

57 Earthing Connections

All cubicles shall be connected to an earth bus bar running throughout the length of the
switchboard. The minimum carth bus bar size shall be 30 x 6 mm® copper up to short-circuit
withstand capacity of 31.5 kA and 50 x 6 mm” copper for a short-circuit withstand capacity
above 31.5 kA and upto 40 kA. All doors and movable parts shall be connected to the earth
bus with flexible copper connections. Provision shall be made to connect the earthing bus bar
to the plant earthing grid at two ends. All non current-carrying metallic parts of the equipment
and componenls shall be carthed. The earth bus shall be brought back to the cable
compartment, and earthing bolts shall be provided to ground cable armour. The mating
surfaces of all bolted parts shall be zinc passivated to ensure continuity between them.

5.8 Space Heaters

The panels shall be provided with space heaters to prevent moisture condensation, and
maintain cubicle temperature 5°C above the ambient. The space heaters shall be located at the
bottom of the panel, and shall be controlled through a double pole MCB and a thermostat with
an adjustable seiting range of 30 to 70°C. The thermostat shall preferably be located in the
metering or relay chamber. Space heaters shall be supplied from 240V AC auxiliary bus for
space heater.

5.9 Panel Supporting Frame

The panels shall be suitable for installation on panel supporting frame, to be supplied by
others. The panels shall be suitable for tack welding, directly to this frame,

5.10 Nameplates

5.10.1 The switchgear shall be provided with durable and clearly legible nameplate in accordance
with Table-1 of IS/IEC 62271-200 requirements.

3.10.2° A nameplate with the switchboard designation shall be fixed at the top of the central panel.
A separate nameplate giving details for each feeder compartment of all panels shall be
provided. Danger plate (Red) shall be provided at the front and rear for each panel.

5.10.3 The nameplates for feeder compartments shall be in two parts. One part shall have necessary
details pertaining to the compartment’s number of vertical panel of the switchboards. The
other pars shall be removable and shall contain all details regarding the feeder number for
drives/equipment controlled by the particular module as per approved single line diagram.

5.104 Blank nameplates shall be provided for all spare and vacant modules.

5.10.5 Nameplate or polyester adhesive stickers shall be provided for cach equipment mounted inside
the switchboard, Special warning plates shall be provided on removable covers or doors giving
aceess 1o cable terminals and bus bars.
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3.10.6 Special waming labels shall be provided inside the switchboards also, wherever considered
necessary. Identification tags shall be provided inside the panels matching with those shown
on the circuit diagram.

5.10.7 Engraved nameplates shall preferably be of 3- ply (Black-White-Black) lamicoid sheets or
anodised aluminium. However back cngraved perspex sheet nameplates may also be
acceptable. Nameplates shall be fastened by screws and not by adhesives,

5.11 Painting

5.1L.1 All metal surfaces shall be thoroughly cleaned and degreased to remove mill scale, rust, grease
and durt. Fabricated structures shall be pickled and then rinsed to remove any trace of acid. The
under surface shall be prepared by applying a coat of phosphate paint and a coat of yellow zinc
chromate primer. Alternately, supplier’s standard paint procedure as per their ISO standard is
also acceptable. The under surface shall be made freec from all imperfections before
undertaking the finishing coat.

3.11.2 Afier preparation of the under surface, the switchboard shall be spray painted with two coats
of epoxy based final paint or shall be powder coated.

5.11.3 Colour shade of final paint shall be as RAL 7032 unless specified otherwise.

3.11.4  The finished panels shall be dried in stoving ovens in dust free atmosphere. Panel finish shall
be free from imperfections like pinholes, orange peels, runoff paint etc. Vendor shall supply
final paint (1 litre per switchboard) in non-returnable container for final touch up al site,

5.11.5 All unpainted steel parts shall be Zinc passivated or suitably treated to prevent rust formation.
If these parts are moving clements then they shall be greased. Aluzing/ pre-galvanised sheet,
wherever provided, need not be painted.

6.0 SWITCHBOARD COMPONENTS

6.1 Circuit Breakers

6.1.1  Vacuum or SF, circuit breakers shall be used in the switchboard. The exact type and rating of
breakers shall be as indicated in the data sheet. Breaker transport trolleys required for cassette-
mounted breakers shall be provided for each switchboard. Number of trolleys to be provided
shall be as per data sheet.

6.1.2  Vacuum circuit breakers shall be designed to have low switching-over voltage levels and with
a long switching life. The interrupter shall be leak-free. The VCB shall be type tested with the
offered make & model of vacuum interrupter.

6.1.3 In case ol SF; circuit breaker, each pole shall be provided with a pressure switch to monitor
the gas pressure with local indication / lockout, and remote annunciation in the event of SF,
gas leakage,

6.1.4  The breakers shall have at least 6 normally open (NO) and 6 normally closed (NC) spare
auxiliary contacts for purchaser’s use. If these are not available, auxiliary relays shall be used
to multiply the auxiliary contacts of the breakers.

6.1.5  The breakers shall have a motor-operated, spring-charging mechanism. It shall also be possible
to charge the springs manually, The closing spring shall get re-charged (for subsequent
closing) soon afier a closing shot and prior to breaker tripping. In case the limit switch fails to
cut out the spring-charging motor with the springs fully charged, the motor shall be
automatically de-coupled or else positive isolation (at both ends) of power supply to spring
charging motor shall be ensured. The control circuit shall be suitable for local as well as
remote control. Breakers shall be trip-free and shall have an anti-pumping device. The breaker
operating duty shall be O-3min.-CO-3min.-CO, unless otherwise agreed.
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6.1.6  Operating Mechanism

a) Electric power operating mechanism shall be motor wound spring charged stored
energy type. However, manual-operaling mechanism may be of the spring charging
stored energy type or spring assisted type. For circuit breakers with electrical power
operating mechanism, provision shall also be made for manual spring charging.
Closing time of circuit breakers with manual operating mechanism shall be
independent of the speed of the operating handle,

b) All stored energy operating mechanisms shall be equipped with the following features:

i) Failure of springs, vibrations or shocks shall not cause unintended operation
of breaker or prevent intended tripping operation.

i1) Closing of circuit breakers shall be prevented unless the spring is fully
charged.

c) All electrical power operating mechanisms shall be suitable for remote operation and
shall be equipped with following features:

i) Provided with motors operable on AC or DC control supplies as specified.

i) Provided with emengency manual charging facilit. The motor shall be
automatically, decoupled (mechanically) once the manual-charging handle is
inserted.

iii) Closing operation of circuit breaker shall automatically initiate charging of the
spring for the next closing operation without waiting for tripping of circuit
breaker.

iv) Closing operation shall be completed once the closing impulse is given and
the first device in the control scheme has responded even though the control
switch / Push Button is released, provided no counter trip impulsc is present,

6.1.7  Circuit breaker trip and closing coils, in case of electrically operated breakers, and trip coil in
case of mechanically operated breakers and circuit breaker indication shall be suitable for
satisfactory operation ou a control supply system indicated in data sheets/job specification.
Additional second shunt trip coil (operating on different control voltage supply) shall also be
provided if specified in job specifications/datasheet/Tender.

6.1.8  All circuit breakers shall be provided with mechanically operated emergency trip device. This
device shall be available on the front of the panel Mechanically operated ‘closing' device
shall be provided for all breakers. However mechanical closing shall be inhihited for all circuit
breakers in service position,

6.1.9  The breakers shall be provided with anti pumping & trip free feature. Each hreaker shall be
also provided with an operation counter.

6.1.10 For all HV VFD outgoing feeders, breaker shall be provided with one no. shunt trip coil and
with undervoliage release, As an altemative, two shunt trip coils can be also provided. One
shunt trip coil shall be suitable for switchgear DC control supply while second shunt trip coil
shall be suitable for external AC control supply. The control supply voltage level shall be as
specified in data sheet.

6.1.11 Metal Oxide surge suppressors shall be provided on all outgoing vacuum circuit breakers to
limit the over voltage to @ maximum of 2.2 p.u. rated peak line to earth voltage. Sizing
calculations for surge suppressor shall be provided post order.

5.1.12 Line PT shall be mounted in a separate drawout carriage having separate arrangement for rack-
in/rack-out which will be independent of breaker. For cassette type breaker, line PT can be
housed in the same vertical panel housing breaker. In case of truck mounted breaker, line PT
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shall be provided in a separate panel. Further, bus PT and line PT shall not be mounted in the
same vertical panel.

6.1.13 The complete breaker assembly should have inter-changeability with breakers of identical
ratings.

6.1.14 The switchgear shall be supplied in single tier arrangement i.e. one circuit breaker in one
vertical panel. For switchgears specified with double tier circuit breaker arrangement, the
outgoing feeder breakers shall have double tier arrangement and incomer breakers with
Line/bus PT shall be housed in one vertical panel. In double tier arrangement, sheet steel
partitions shall be provided for each compartment. Comparimentalization shall be such that
maintenance of one breaker is possible without disturbing the adjacent breaker compariment.
Suitable trolley(s) shall be supplied for drawing out the breakers in upper tier. The maximum
height of the operating handle/switches/reset knobs/pushbuttons shall not exceed 1900 mm
and minimum height shall not be below 300 mm.

6.1.15 An integral earthing system, or a separate earthing carriage/truck, shall be provided. In case of
& separate earthing carmage, the necessary trolleys for bus-side and cable-side earthing shall be
supplied. After withdrawing the circuit breaker, this can be inserted to facilitate earthing of
cables and bus bars. Earthing truck shall be conplete with the PT and voltmeter giving audio-
visual indication and solenoid interlock to prevent closing of bus side earthing truck on live
busbars. In case voltmeter cannot be provided suitable voltage detecting system shall be
provided. Suitable interlock shall also be provided for Earthing switch. Earthing truck/
earthing swilch operation shall be only with door closed.

Integral earthing switch shall be suitable for short time withstand current and peak withstand
current rating equal to the corresponding breaker withstand rating.

6.1.16 Number and type of earthing trucks shall be as specified elsewhere.

6.1.17 Circuit breaker electrical endurance shall be class E2 and mechanical endurance shall be class
M2 as per IS/IEC-62271-100. Probability of restrike during capacitive current breaking shall
be of class C1 as per IS/IEC-62271-100 except for capacitor feeders which shall be of class C2
as per IS/IEC-62271-100.

6.2 Fuse Contactor Units
For outgoing feeders requiring fuse contactor (as specified in job specification/ datasheet),

. following shall be complied with:

Fuse contactors shall be fully drawable type.

Contactors shall comply with ISTEC-60470 and shall be suitable for intermittent duty class

0.1 as well as for uninterrupted duties.
The minimum short circuit breaking capacity of the contactor shall be at least 6 kA at rated

valtage,
Anti-pumping device (APD) shall be included to prevent “pumping actions” of mechanisms.

Overvoltage surge diverters shall be installed if required to keep high over-voltages during
operating conditions within acceptable values.

Contactors for motor starters and capacitor Bank feeders shall be of the latched type. The
tripping supply shall be obtained from the DC tripping and closing supply. Motor contactor
panels shall be provided with restarting facilities as specified in job specification/ datasheet.

Fuse links shall be in accordance with TEC 60282-1 and shall have high rupturing capacity.
They shall be short circuit current limiting type. Fuses shall be provided with striker pin
arrangement (ripping the contactor.

Fuses for motor starters shall have a time-current characteristic suitable for the metliod of
starting.
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Correct discrimination shall be established between fuse characteristics and contactor breaking
capacities. This shall ensure that overload and fault currents are safely interrupted by the
appropriate devices avoiding any risk of welding or other damage to the contactor.

6.3 Instrument Transformers

Current and voltage transformers shall be cast-resin insulated, The primary and secondary
terminals shall be marked indelibly and easily approachable for termination and testing etc.

6.3.1  Corrent transformer

i) Current transformers shall conform 10 1S: 2705 Part-1 and IS:16227 Part-1 & 2. The
short-time current rating shall be equal to that of the swilchboard. They shall be
mounted on the stationary part of the switchboard. The CT ratings shall be as shown in
the data sheet. Protective CTs shall have an accuracy class of 5P and an accuracy limit
factor greater than 10. CTs for instruments shall have an accuracy class of 1.0 and an
accuracy limit factor less than 5.0. For numerical relays having protection and
metering functions, dual rated CT shall be provided suitable for protection class and
meiering class. One leg of the CTs shall be earthed. Separate CTs shall be provided
for each of Differential protections such as transformer, line, bus, motor, Restricted
Earth fault protection, eic. However, common CT having separate cores for any
differentiai and Restricted Earth fault protection is acceptable.

ii) All CTs shall be star connected. Interposing CT (ICT) shall be provided (if required)
for differential protection of transformers having star-delta connection.

i) Proper access 1o each set of CTs shall be provided for repair / muintenance.

iv) Core Balance Current Transformer shall be provided in motor feeders for sensitive
earth fault protection, if specified in job specifications/datasheet/Tender.

6.32 Potential transformer

i) The potential transformers shall conform to 1S: 16227-1 & 16227-3. The potential
transformers shall be of drawout-type, and shall be provided with 4 pole miniature
circuit breakers with auxiliary contacts on the secondary side.

i) The drawout mechanism shall disconnect the PT from the husbars. The primary
connection shall be disconnected before the PT becomes accessible. Neutral point of
the star connected PTs both on the primary and secondary sides shall be earthed.

iii) The PTs shall have an over-voltage factor of 1.2 continuous and 1.9 for 30 seconds,
and an accuracy class of 1.0 from 10% to 120% of normal voltage, PT selected shall
be compatible with system grounding. Also precaution shall be provided to mitigate
the problem of ferroresonance.

iv) The primary rated voltage shall be equal to the rated voltage V of the system, or VA3,
if the PT is connected between phase and neutral.

v) If not otherwise specified, the secondary voltage shall be 110 V, or 11043 V. The
burden and class of accuracy shall be as specified in data sheets. For directional relays,
either a 3-phase 5-limb PT, or 3 single-phase PTs with secondary windings connected
in open delta shall be provided.

6.4 Measuring Instruments

All analogue instruments shall be of square patiern, 96 x 96 mm, flush-mounted tvpe.
Measuring instruments shall be provided, as specified in the data sheet. All required auxiliary
equipment such as shunts, transducers, CTs, PTs, etc, shall be included in the scope of the
switchboard supplier. The accuracy class for all instruments shall be 1.0 as per IS: 1248,
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Digital instruments shall also be acceptable, provided specific approval of EIL/Owner for
make and model is obtained.

6.4.1  Ammeiers and voltmeters

Analogue meters shall be of moving-iron type. The range shall be as indicated on the
drawings. Ammeters for motor feeders shall have a non-linear compressed scale above rated
current to indicate motor starting current.

6.42 kW /kWh meters
The kW / kWh meters shall be suitable to measure unbalanced loads on a 3-phase, 3-wire
system. The kW meters shall operate on a PT secondary voltage of 110 V.

6.4.3 Frequency meters

These shall be of direct-reading or digital type and shall operate on a PT secondary voltage of
110V. The standard range shall be 45-50-55 Hz.

6.4.4 Power factor meters

Power factor meters shall operate on a PT secondary voltage of 110 V. The CT secondary
current shall be as shown on the relevant drawings. The standard range shall be 0.5 lead-1.0-

(.5 lag.

6.45 Digital meters shall be provided, if specified in job specifications/datasheet/Tender. All digital
meters shall be highly reliable, accurate & compact, Digital meter data shall be retained &
retrievable even in case of power failure. Field programming from front of the meter shall be
possible and shall have R'S232/485 port in case specified in the job specification/data sheet.

6.5 Relays
6.5.1 Type of relay i.e. electromechanical, static or numerical shall be as defined in data sheet / job
specification.

6.5.2  All electromechanical protective relays shall be back-connected, of drawout type, suitable for
flush mounting, and fitted with dust-tight covers, Alternatively, "plug-in" type relays will also
be acceptable. Auxiliary relays are acceptable in fixed execution.

6.5.3 The protective relay cases shall have a provision for insertion of a test plug at the front for
testing and calibration using an external power supply without disconnecting the permanent
wiring. The insertions of the test plug shall automatically short circuit the CTs and permit
extension of external power supply to the relay.

6.5.4  All protective relays shall have hand reset facility and clear operating indication, e.g. flags for
electro-mechanical type relays or light emitting diodes for static/numerical type relays. It shall
be possible to reset the flag without opening the relay case.

6.5.5  All tripping relays (electrical fault trip) shall be of lockout type with hand-reset contacts, and
shall be suitable to operate on the specitied voltage. These relays shall have self coil cut off
contacts, and shall be provided with hand-reset operation indicators. However, for process trip,
the lock out relay shall be self reset type Tripping relays will be acceptable in non-drawout
cases.

6.5.6 The tripping relay shall be suitable for satisfactory operation from 50% to 110% of the
specified control supply voltage.

6.5.7 Motor protection relay provided shall have terminals for CBCT input and feature for detecting
sensitive earth fault, if CBCT is provided as specified in datasheet.

6.58 Fast Bus Transfer (FBT) relay shall be provided, if specified in job
specifications/datasheet/Tender.
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6.6
6.6.1

6.6.2

6.6.3

6.6.4

7.0
7.1

7 .
8.0

Auxiliary Equipment
Auxiliary relays and contactors:

Auxiliary relays and contactors shall generally be used for inter-locking and multiplying
contacts. Auxiliary contacts shall be capable of carrying the maximum anticipated current.

Control Switches:

i)  All control switches shall be rotary iype, having a cam-operated contact mechanism
otherwise stated. Circuit breaker control switches shall be 3-position CNT, spring return
to neutral from both Close and Trip positions. They shall have pistol-grip handles and
shall be lockable.

i) Ammeter selector switches shall have a make-before-break feature on its contacts. The
selector switch shall generally have four positions, three positions for reading 3-phase
currents and the fourth position for OFF. The voltmeter selector switch shall also have
four positions, three positions shall be used to measure phase-to-phase voltages and the
fourth position shall be for OFF.

Timers:

For re-acceleration duty, timers unless otherwise stated, shall be pneumatic type and shall have

adjustable time setting of 0-60 seconds, Alternatively static timer may be considered. The time
settings, where specified, shall be accurately set before despatch of the switchboard. Timer
provided for control of capacitor feeder shall have minimum setling of 0-5 minutes. Timer as
part of numerical relay is also acceptable.

Indicating Lamps:

Clustered LED type indicating light with minimum 8mm diameter size shall be provided for
indications. The LED shall have a low glow voltage protection and shall not glow on voltage
leakage.

INSPECTION, TESTING AND ACCEPTANCE

During fabrication, the swilchboard shall be subject to inspection by EIL / Owner, or by an
agency authorised by the Owner, to assess the progress of work, as well as 1o ascertain that
only quality raw material is used. The manufacturer shall furnish all necessary information
concerning the supply to EIL / Owner's inspectors.

For testing requirements refer Inspection & Test Plan No. 6-81-1001.
PACKING AND DESPATCH

The switchboard shall be divided into several shipping sections for protection and ease of
handling during transportation. All outgoing feeders shall be packed as separate shipping
sections. The cquipment shall be properly packed for selected mode of transportation i.e,
ship/rail or trailer. The panels shall be wrapped in polyethylene sheets before being placed in
wooden crates/cases lo prevent damage to the finish. Crates/cases shall have skid bottoms for
handling. Special notatiuns such as ‘Fragile’, ‘This side up’, “Weight', *Owner’s particulars’,
‘PO number.” etc.. shall be clearly marked on the package logether with other details us per
purchase order.

The equipment may be stored outdoors for long periods before installation. The packing
should also be suitable for outdoor storage in areas with heavy rains and high ambient
temperature unless otherwise agreed.
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Abbreviations:

AC Alternating Current

BiS Burean of Indian Standards

CEA Centrat Electricity Authority

CT Current Transformer

o Direct Curremnt

FRLS Flame Retardant Low Smoke

FRP Tibre Reinforced Plastic

Gl (ialvanised Iron

IEC Intemational Eleciro-teehnical Commission

(r Ingress Protection

[5 Indian Srandards

LED Light Emitting Diodes

LY Low Vodlage

MR Material Reguisition

NWABL “ational Accreditation Board for Testing and Calibration Laboratories

I'B Push Bufion '

PESO Petrolemmn and Explosives Safety Crganisation

PV Poly Winyl Chloride

EMD Surface Mounted Device

SW3 Standard Wire Gauge

XLPE Cross Linked Poly Ethylens

Electrical Standards Committee
Convenar; Ms, Sumita Anand

Members: Mr, Parag Gupla
Mr, M. K. Sahu
Ms. Arvind N, P. Singh
Mr, Harish Kumar
Mz, Shalini Verma
Mr, Raman Scod
Mr, V. K Jain
Ms. Shirali Agzarwal
Mr, Avush Mathur {Projects)
Mr, Rajesh Sinha {Inspection)
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4.0

5.0

This specification covers the requiremnents of design, manufaciure, testing, packing and supply
of flameproot control stations and accessories svitable for installation in locations handling
flammable liquids and pases’ vapors,

CODES AND STANDARDS

The equipment shall comply with the requirements of latest revision of the following
standards isseed by BIS;

15-5 : Colours for ready mixed paints and enamels.

18-1248% : Dircet acting indicating analogue measuring instruments ad
their accessories,

5/ IEC aliTs-0 : Elcetrical apparatus for explosive gas atmospheres {General
Requirements).

15 £ 1EC 600791 . Electrical apparatus for explosive gas atinospheres
(Equipment Protection by Flameproof Enclosures “d™L

[S/IEC G524 o Degree of protection provided by enclosures (TP Code).

IS ¢ IEC 60947 r LW switchgear and control gear,

tn case of imported equipment, only [ECEx {(or eyuivalent, if more stringent than the
applicable [EC) certified equipment shall be used.

The equipment shall also confirm 1o the provisions of CEA Regulations with lates
amendments and other statutory regulations currently in force in the country,

In cage Tndian standards are not available for any equipment, standards issued by IRC or
eyuivalent agency (if more stringent than LEC) shall be applicable.

In case of wry conflict between requirerents specitied in various applicable documents for the
project, the most stringent requirement shall gavern. However, Owner! EILs decision in this
regard will be final and binding,

GENERAL REQUTREMENTS

The cffered equiptnent shall be brand new with state of art technology and having proven field
track record. Wo prototype cquipment shall be offered.

Wendor shall ensure availability of spare parts and maintenance support Services for the
offered equipment for at least 10 years from the date of supply.

SITE CONDITIONS

The equipment shall be suitable for installation and satisfactory operation in classitied
hazardous |ocations in tropical, hemid and cortosive atmosphere as prevalent in relineties,
petrochemical and fertilizer plants. Uniess otherwise specified, a design ambient temperature
of 40 7 and an altilude net exceeding 1000 m above mean sea level shall be considered.

CERTIFTCATION

The equipment shall have test certificates issued by NABL-approved’ Central Government
labs in India’ [ECEx-approved’ cquivalent labs), ANl equipment (ndigenous & imported) shall
alse have valid statutory approvals as applicablie for the specified logation and marking as per
1% TEC 60079 or TEC 60079 and as required by statutory authorities. All indigenous
flameproof equipment shall have valid BIS license.
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6.0

6.1
6.1l

6.1.5
& 1.6

G.1.10

TECHNICAL REQUIREMENMNTS

Construction

The enclosures of the control stations shall be made of cast light metal alloy, unless otherwise
specified, The enclosures of the control stations itended for use in units handling sulphutic
acid! other corrasive materials shall be made of stainless steel grade $5-3161.. if specified in
MERY tender,

The coptrol stations shall be switable fiv wse i outdowr open locations and shall have
minimim 1P-55 degree of protection. They shall preferably be provided with integral canopy.
However, where the enclosure has been centified without inlegral canopy, a separale canopy
can be acvepled. The separate canopy shall be made of at least 1.6 nun (16 pauge) walvanised
sheet sieeld FRP/ stainless stee] minimum $8-304 {as specified in purchase specifications).
The canopy shall be suilable for providing proleciion against rain from top, back and two
sides.

The contral station enclosure shall be provided with gaskets for 1P, i required by equipment
certification. Gaskets, wherever provided, shall be made of non-inflammable and sell-
extinguishing material,

All metal surfaces shall undergo manufacturer’s standard cleaning’ painting’ powder coaling
cycle. After surface preparation, the equipment shall be painted with 1wo coats of eposy based
final paint or epoxy powder coated with minimum coating (hickness of 80 mivrons, with
colour shade as below:

. Flame proof (Gas group LAY TIR) : Durk admiralty grey shade 632 of 15-5/
RAL 7031
- Flame proot (Gas group 11C) : Light yellow shade 355 of 1%-5 RAL 1012

All unpainted parts shall be suitably ireated to prevent rust formation? corrasion, If these parts
are moving then these shall be greased. Grease, which does oot solidity, shall be applied 10
flamepath. However, ip case of Stainless Steel contral stations, finish shall be Eleciropolish!
Buffed’ equivalent finish.

Equipment shall be marked as per IS/IEC 60079,

All accessories like nuts, bolts, washers ete, and operaling shall of push buttons, switches cic,
shall he made of slainless steel S5-304. Alternatively, Nickel-plated brass material may be
used tor the operating shatts of push buttons, switches cte.

The control stations shall be provided with two earthing studs (minimutn M10 bolt, nut with
sprity and plain washer) with lugs on the external surface of the enclosures suitable for
termipation of &8 3WG GI wire. No screw type fixing arrangement shall be allowed.

The contral station shall be provided with (wo cable emries at battom, and one entry to he
blowked with flamepront nickel plated brass sealing phug, unless otherwise specified. Required
number of flameproot double compression nickel plaled brass cable ylands shall be provided.
The cable terminalion chamber of the control station shall be large enough to provide a
ninimum space of 0mm between top of the cable gland and bottom of the terminal block.

The control statigns shall hawe external Axing lugs for mounting on wall or column. The hales
provided on these Tugs shall be of oblony tvpe,

A tap plale indicating Tag Number shall be provided on each contrel station. A nameplate
shall be provided to indicate the Name of Manufacturer, test cettitivate number. senal number,
BIS license number, applicable gas group ete. gs per ISAEC 60079 and any additional marking
required by statutory authority like approval no. ete. The nameplates shall be engraved tyvpe or
laser-marked and permarettly fised on the equipment, [n case the standard details wiven
ahove are embossed on the enclosures, the same need not be repeated on the name plate. All

Formal No. 3-00-0001-F1 Rew. 0 Copyright EIL - ANl ignts reserved



SPECIFICATION ETANDARD SFECIFICATION Na.

oAl A, ENCINEERS FOR
- Rev.
ﬁﬂmm@mkﬂlﬂiﬂ FLAMEPROOF §-51-0006 Rev. 8
CONTROL STATIONS Page 6 of 10

tag plates shall be engraved, 3 ply laminate fixed with screws and name plare shall be Al
anodized or 88-304 engraved or laser-marked and xed with rivets.

6,111 All flameproof control stations shall be suitable for 240% AC as well as 110V7 220V DC
cantrol supply.

&2 Component Specification

6.2.1  Push buttons tor START' OPEN and $TOP/ CLOSE shall be of GREEN and RE? colour
respectively. The STOP push button shall be mushroom type with stay put feare and
tockabte in pressed position, Refer Sketch 1 for wiring and other details for various types of
local comtrol s1ations,

6.2.2  All selector switches shall have minimum two poles for each position. Each position of switch
shall be indelibly marked on the control station. Exact configuration of selector switch (e.g.
LOCAL-CFF-REMOTE)shall be as per datashest’ MR requitement.

6,23 All ammeters shall be of moving lron type having an accuracy class of 1.5 and suitable for 1
Ampere CT secondary. Minimum size of ammeter shall be cither 72mm x 72 mm or 65 mm
dameter. 30% of 1the scale length shall cover 100% of the CT primary current unitfonnly and
the balance 20% of the scale shall cover 100-800% of the CT primary. A red mark
corresponding to the full load current of the motor shall be provided on the ammeter dial. The
anuneter front glass shalt be toughened.

0,24 Indicating lampis) wherever provided shall be clustered LED type or 3MD chip type LED
with cotour lens of minimum 25mm diameter,

6.3 Terminals & Wiring

© 631 The control stations shall be provided with sulficient pumber of terminals. More than 2 wires
per terrminal shall not be permitted. IF required, additional terminal with shorting link may be
used. Each terminal for external cable commection shall be suitable For termiration of 2.5 mm®
{unlcss otherwise specified) stranded copper conductor, Tinned copper lugs shall be provided
tor cable termination wherever applicable,

3.2 Al internal wiring shall employ 1.5 mm?, 660% 1100 grade, FRLE type, XLPES PVC
insulated copper conductor wires, All termination shall be with suitable lugs.

KR! INSPECTION, TESTING AND ACCEPTANCE

71 During fabrication, the equipment shall be subjected to inspection by EILS Owner or by an
agency authorized by the Owner, a3 per agreed Inspection Test Plan, Manufacturer shall
furnish al! necessary information conceming the supply to EIL! Orwner's inspector. All
riuline/acceptance tests shall be carried out at manulacturer’s works under his care & expense.

T.2 Type test certificates from NABL-approved’ Central Government Tabs in Indiaf TFCEx-
certified’ equivalent Tabs, Manufacturer’s works test reports, applicablie PESCr approval and
BIS license shall be shown o the inspeciion agency or demand during {nspection. The
certificates, BIS license and PESO approval must be vaiid at the time of despatch.

7.3 Test certificates of bought out compoments shall be submitled 1o the inspection agency, as per
Inspection and Test Plan no. &8 [-1004.

7.4 All equipments shall be subjected to various routine / acceptance 1ests as per [nspection and
Test Plan no. 4-8 - 1{HM4,
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8.0 PACKING AND DESPATCH

All the equipment shall be divided imto several sections for protection and ease of handling
dutipg transportation, The equipment shall be properly packed for the selected mode of
transportation, L.e. by ship’ mil or trailer, and shall be wrapped in polythens sheets betfore
being placed in crates’ cases to prevent damage to finish, The crates/ cuscs shall have skid
bottom for handiing, Special notations such as ‘Tragile®, “This side up®, *Center of gravin’,
Weight”, *Ownet's particelars’, ‘PO no’ ctc., shall be clearly marked on the packagcs
together with other details as per purchase order.

The equipment may be stored cutdoors for long periods before installation. The packing
should be suitable for outdoor storage in arcas with heavy rains and high ambient remperature
unless otherwise agrecd. A sel of instruction manuals for installation, testing and
commissioning, 4 set of operation & maintenancs manals and a set of final drawinge shall be
enclosed in a waterproof cover along with the shipment.
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SKETCH--1
WIRING DETAILS OF LOCAL CONIRCL STATIONS
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TYPE—aL (3TOF F.E. WITH TaMP) - TYPE—4Z2
(REsm?TR F.B. WITH LamF) [(START PE) OR (STOF PH) OR (CLOSE PB} OR (QPEN PE)
{CABLE SIZE - 4Px2.5 Sq.mm) {CABLE SIZE : 2Px2.5 Hq.mm)
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TYFE-B1 (WITH START & STOP PBs) OR (WITH (LOSE & OPEH PBa)
{CAFLE SIZE : 4F%2.3 3q.mm)
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TYPE—C1 (WITH START & S10F PBr & AMMETER)
(CABLE SIZE : 4Px2.5 Sq.mm]
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TYPE-C2 [WITH START & 3T0P PEz, AMMETER & INDICATION LaMPT}
[CABLE ZIZE : 8Fx25 Sqmm}
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TYPE=-D1 (WITH START & STUF PBs & L-0-R SELECTOR SWITCH)
(CABLE SIYE : 8Px2.6 Sgmm) {REFER MOTE—11}
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TYPE—DZ2 (WITH START & STOP PPs, 1.-0-f SELECTOR SWITCH A INDICATION LAMPS)
(CABLE SIZE : 12Px25 Sqmm) {REFEE WOTE-11)
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TYPE-EL (WITH ST4RT R STOP PRz, AMMETER & L-0-R SELECTOR SWITCH)
{CABLE SIZE : 6Px2.5 Sq.imum) (REFFR HOTR-1t)
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TYPE=FE2 {WITH =TART & STOF Fbs, AMWETER, L-0-F SELECTOR SWITCH & INDICATION LaMPE)
([CABLE sIYE : 12Px25 Sqmm} {REFEE NOTE-11)
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TYPE-F {WTTH START & SIOF PCa, RAIME & LOWER {Ra, [--O-=H 2WII'TH,
ANPFRE WETER, SPEED METER & WRICATING LAMPS) (REFER KOTE-5.6.7)

[CABLE SIZE : 1EP2.5 Sg.mm)

. ——iie PRS- PRIITES-1
FAR  AERREE AR A :
T} T — Llg]|ala
|'.|2|':I|4Ia|6|:r||:||t-|jl| i |_.|||:| |. |-_| |;.l:l|a]1|.ﬂ||||uI|uln||5||.n.||.r|.l|:.-'r|=u|r.|u|r:|lz;lnlzplfrﬁ‘] TYEE-13
TYPE-1 [ TYPF_fz SEL SWITCH (AEOSTTION) [LAMF STATION)
JEL SWITCH [ZPOSITICH)

ENERAL HOTES:

1. SHORTNG LIGEY SHALT. Bk FROVIDED BT THSDoE. REQUIREMENT SHalL PE IKFORMED DURMNG VENDOR DAKWING AEVIER.

. WIRIKG DETAILS SHall BE READ I coMMECTION WHH WR/TENTER.

. CABLE SIZEY A5 [NCICATED AHOVE ARPE TENTATTVE aHp MIKISOUM. EXaCT CAILE 223 SUAlL DE [NFOFMED CURING VENDOR
LEAWTNr REVIEW. YENDUE 10 FROVIDE DEGUIBED 3IZE OF CAELS TERMIEATION CHAMHIR WITH JUTTATLI TEAMINALS. CABLE
ENTALES, CABLE CLaNDS AND LIMDE, CEOSO SECTIONAL AREA SHall BE 2% 50 MW, UNLESS DTHERWISE SPECIFIZD

. AMWETER WHEGEVEE PROVIDED, SHALL BE ANALOCUE OR 4—S0mia TYFE A9 GEFINED IN ME/TENDER

Fam V¥ LOA, lagp SUPPLY VOLTAGE SWALL BE D4ME AS WFD COMTROL JUSPLY WDLTACE.

FOR ¥FD LCS, 1P EXTERMAL SUPFPLY 18 REQUIRED FRE METERS, THEXN SaWE 5HaLL BE A3 ¥POD CONTROL SLIFPLY WOLTAOE

. METERS LN Y¥0 LCE 5HAZL BE SUMABLE FOR 4-23mu TRANEDUCER QuTHLTA aND SHall PR CAlTBAATED FOR THE
ACTIAL MOTOR CURRENT. FOR DRIVERZ WITH BYTASS FACILITY, MTTERY SHALL EF' CAPAELE OF READI¥S AYFAS2 wQDF
PULL 108D AHD STAKVING CURRENTS Az WELL 43 WFD kODE DEIVE CURBENT.

B. NUMBER aND COLDLIE Or INDLCATINGG LAMFE XHALL HE AS PER THE [OH Smh‘lﬂﬂﬂmnﬁl

2. LOZ TYPE [ ARE TYPICALLY FOR INSTRUMENTATION \FIE,

10 all PUsH BUT?ON AKD CONTROL SWITCH CONTACTS SHAlL BE RATED FOR MINOUM 64 AT ZA0V(AC-L5) aWD 1k AT LLTWDC-13)

DUTT CONTATT RATINOS FOE LCI FOB [NITRUMENTATICE LISE HHALL BF AR PER INATELMHNTATION RESUREUENT.

1 EECOMD CONTACT OF L-O-R 3WITCH REQUIEED OMLY WUIEE D3 IHTZRFACE 5 REQUIRED BY INSTRUMENTATICH

12, THE EZ#CT DESCEIFTION OF PO'S WHETHER SLaRT/IT0F OF N CLOSE SHALL B DIFUKMEN CUKINO VENGGR DREAMIND RETDOW

13. ALl 1—9=R SEIFCTOR S¥ITCHES SMATE WL [OCHABIE DM OFF POSHIGH.

o ho
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ENCINFERS
@IMEORATD i oor
POWER DISTRIBUTION BOARDS
Abbreviations:
AC Alleriating Current
BIS Bureau of Indian S1andards
CEA Central Electricity Authority
cT Cyrrent Transformer
DGMS Dirvectorate General of Mines Safety
EIL Engincers India Limited
FRLS Flame Retardant Low Smoke
Gl Galvanised Iron
TEC Interational Electro-technical Comumission
P Ingress Protection
IS Indian Standards
kW Kilo Watt
kwH Kilo Watt Hour
MR Material Requisition
MV Medium Volage
MCB Miniature Circuit Breaker
MCCB Moulded case circuit breaker
NABL Wational Accreditation Board for Testing and Calibration Laboratorics
PDB Power Dastribution Board
FESO Petroleum and Explosives Safety Organisation
PO Purchase Order
BPVC Poly Vinyl Chloride
SN Single Phase and Neutral
SWG Standard Wire Gaupe
58 Stainless Steel
TPN Three Phases and Neutral
XLPE Cross Linked Poly Ethylene

Elecirical Standards Committee

Convenor:

Members:

Mr. Manjit Kumar Sahu

Mr. Harish Kumar

Ms. Arvind NP Singh

Ms. Shalini Verma

Mr. Raman Sood

Mr. Bishan Dass

Mr. Rajiv Kumar Saha

Ms, Shirali Aggarwal

Mr. Ayush Mathur (Projects)
Ms. Rajesh Sinha {Inspection)
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1.0 SCOPE

2.0
21

2.2

2.3

2.4

15

This specification covers the requirements of design, manufacture, lesting, packing and supply
of free standing flameprool Power Disiribution Board (PDB) for field power distribution 1o
MOVs, soot blowers, auxiliaty motors, electric heat tracing, high masts ete. suitable for
installation in hazardous locations handling flammable liquids and gases/ vapours.

CODES AND STANDARDS

The equipment shall comply with the requirements of latest revision of the following
slandards issued by BIS:

I5:5 : Colours for ready mixed paints and enamels.

IS 1248 - Direct acting indicating analogue measuring instruments and
their accessories

IS : 2824 1 Method for determining the prool and the comparative tracking
indices of solid insulating materials

15 ; 5082 : Wrought aluminum and aluminum alloy bars, rods, tubes and
sections for electrical purposes

15 : 5578 : Guide for marking of insulated conductor

[5: 11353 . Guide for uniform system marking and ideniification of
conductors and apparalus terminals

[5: 12640 . Residual current operated circuit breakers

18 : 13703 :  Low voltage fuses [or voltages nol exceeding 1000V AC or
1500V DX

15 : 16227/ IEC 61865  :  Insirument transformers (Current transformers & Voltage
transformers}

1S/IEC 60255 Measuring Relavs & Protection Equipment

IS/TEC 60269 . Low voltage fuses

IS/IEC 60079-0 1 Electrical apparatus for explosive gas atmospherss (General
requirements).

IS/IEC 60079-1 . Flectrical apparatus for explosive gas atmospheres
{Equipment Proicction by Flameproof Enclosures *d™).

IS/IEC 60529 . Degree of protection provided by enclosures (IP Code),

IS/IEC 60898 . Electrical Accessories circuit breakers for over protection for
househoeld and similar installations

1S/ IEC 60947 : LV switchgear and control gear.

IS/IEC 6143% : Low voltage switchgear and cantrol pear assemblies

In case of imported equipment, only IECEx (or equivalent, if mere stringent than the
applicable 1EC) certified equipment shall be used.

The Equipment shall also confirm to the provisions of CEA Regulations with latest
amendiments and other statatory regulations currently in [orce in the country.

In case Indian standards sre not available for any equipment, standards issued by TEC or
equivalent agency (il more siringent than ITC) shall be applicable.

In cage of any conflict between requirements specified in various applicable documents for the
project, the most stringent requirement shal] govern, However, Owner's/ ET1."s decision in this
regard will be final and hinding.

Formal Mo, B00-0001-F1 Rey, 0 Copyright EIL — All rights reserved
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340
3.1

Al

4.0t
4.1

4.2

5.0
5.1
5.2

6.0

7.0
71
7.1.1

714

7.1.5

GENERAL REQUIREMENTS

The offered cquipment shall be brand new with state of art technology and having proven ficld
track record. Wo prototype equipment shall be offered.

Vendor shail ensure availability of spare parts and maintenance support services for the
offered equipment for at least 10 years from the date of supply.

SITE CONDITIONS

‘The equipment shall be suitable for installation and satisfactory operation in tropical, humid
and corrosive atmosphere as prevalent in refinerics, petrochemical and fertilizer plants, which
are classified as hazardous. The powar distribution hoards shall be designed (o operate under
site conditions as specilied in the data sheet. If not specifically menlioned therein, a design
ambieni temperature of 40° C and an altitude not cxcecding 1000m ahove mean sea level shall
be considered.

All the equipments described in this specification are intended for contimuous duty with the
specificd rating under the specified ambient conditions unless indicated otherwise.

POWER SUPFIL.Y
PDN shall be snitable for 415V, 50Hz, TPN incoming supply.

The outgoing of PDB shall be 415V TP/TPN power supply circuits and/or 240% SPN circuits
as specified in the data sheet! job specification.

CERTIFICATION

The equipment shall have test certificates issued by NABL accredited/ Central Government
labs in India/ TRCEx-approved’ equivalem labs, All equipment {indigenous & imponed) shall
alse have valid statutory approvals, as applicable, for the specified location, and marking as
per IS/IEC 60079 and as required by statulory authorities. All indigenous flameprool
equipment shail have valid BIS license. All flameproof equipment shall have PESQ approval,

TECHNICAL REQUIREMENTS
Censtruction

The Flameproof PDT shall be designed for service ol project ambient temperature and shall be
snitable for continueus operation without harmfui effect with voltage and frequency variations
as specified in the data sheets, The flameproof PDB shall have rated current and fault level
rating as specified in the datasheet/ job specification.

The Flamepreof PDB shall be free standing on a self-supporting pedestal mounting steel
framework of angles and channel section, suitable for instailation on concrete base with front
access Tor operation and maintenance. The Flameproof PDB shall be fixed type, in single frent
execution, assembled in single line up with multiple flameproof cubicles housing feeders,
cahle terminaticns and bus bar. The arrangement shall provide adequate spacing hetween
enclosures for direct vertical instaliation of power and conirol cables, entering enclosures from
bottom/ top as specified in data sheet! job specification. Adequate spacing and clearances shall
be provided both on the top and at the bottom for maintenance works,

The devices and compenents mounted ingide the cubicles shall have adequate clearances. The
quantity and (yperating of components inside cach cubicle shall be in accordance with the
statutory test certificate details,

The enclosure of the flameproof PDB shall be made of cast light metal alloy. The enclosure of
the flameproof PDB iniended for use in units handling sulphuric acid’ other corresive
materials shall be made of stainless stecl grade S5-316L, il specitied in MR T'ender.

The flamepreol PDB shall be suitable for use i ouldoor open locations and shall have
minimum [P-35 degree of protection. It shall preferably be provided with integral canopy.

Formal Ne. B-D0-0001-F1 Rev, O Copyright EIL — Al righis reserved
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7110

.11

7112

7.1.13

7114

7.1.15

However, where (he enclosure has been certitfied without integral canopy, a separate canopy
shall be accepted for installation over the PDXB. The separate canopy shall be made of at least
1.0 mm {16 gauge) galvanized sheet steel/stainless steel minitum 55-304. The canopy shall
be suitable For providing proteciion against rain from top 1wo sides and front,

The flameproof PDB shall be provided with gaskets made of non-inflammable and self-
extinguishing material,

All metal surfaces shall undergo manufacturer’s standard cleaning/ painting / powder coating
eycle. After preparaion of under sutface, the panels shall be painted with (wo coats of epoxy
based final paint or epoxy powder coailed with minimum coating thickness of 80 microns, with
colour shade as below:

- Flameproof Ex’d’ {Gas group LAAIB) : Dark admiralty grey shade 632 of [5-5/ RAL 7031
- Flameproof Ex’d’ {Gas group I1C) : Light yellow shade 355 ol 15-5 / RAL 1012,

All unpainted steel parts shall be suitably treaied 10 prevem st Formation. If these parts are
moving elements, then these shall be greased with non-solidifying grease. However, in case of
stainless steel flameproof power distribuion boards, fimish shall be Elecuopolish/ Bulled/
equivaleni finish.

A warning inscription “DO NOT OPEN WHEN ENERGIZED” shall be provided on each
enclosure. The warning inscription shall be embossed on the enclosure or a separate warning
plate with above inseription shall be fixed 1o the enclosure with sctews. The warning plate
shall be of nicke] plated brass or stainless steel.

All accessories like muts, bolts, washers etc. shall be made of stainless steel 35-304, as
minimuI.

Main bus bars shall be of high conductivity electrolytic alominium having uwniform current
rating, lor specified lault level throughout their lengih, The bus bars shall be sized depending
upon the maximum expected current and to limit the specified maximum operating
temperature at specified design ambient tempersiure. Bus bars shall be supported by non-
hvgroscopic maulators, Bus bars shall be colour coded for identification of phases and neutral.

Copper earth bus of snitable size for specified fault level shall be provided throughout the
length of the PDB. The earth bus shall be provided with alternate bands of yellow and green.
All earth connection wires shall be suitably colour coded. All the non-current carrying
metallic parts of the board shall be inherently bonded together. Each flameproof PDB shall be
provided with two earthing studs with lugs on the exterior of the hoard svitable for termination
of earth bus bar,

Neutral and earth bars shall be suitable lor connecting the neutral and earth conductors of the
circuits. The earth bars shall be drilled and tapped unnumbered brass link bars with stud bolts
and screws. The newral and earth terminals shall 10% more than the number of circuit
hreakers,

Provision shall be made [or the bonding of earth conducior, cable glands and cable armouring
at pable termination point.

Each cubicle shall be provided with space heaier rated for 240V AC supply, provided with a
switcl, [use o double pole MCB and thermostat having varable selling range of 30-70 °C, w0
prevent moisture condensation.

The PDB shall be provided with smitable sized cable entries as mentioned in datasheet! job
specification for incoming and outgoing cables. Unless otherwise specified, the PDB shall he
suitable for bottom cable entry. Top cable eniry shall be provided il specified in data sheet/
job speciticarion.

All connggtions to incoming and outgoing cables shall terminate in terminal block, which shall
be adequately sized for termination of the cables as specified in MR/ Tender. Sufficient space
shall be provided inside ihe PDB for easy connection of Purchaser’s coble. Suitable terminal
blocks! terminal studs, adequately rated, shall be provided for cable termination of each of the

Format Mo, 8-00-0001-F1 Rev. 0 Copyright EIL — All rights resenved
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7116

T.LLT

7118

T2.2

723

724

feeders. Adequate number of terminals shall be provided for terminating incoming and
outgoiny cable entrics. Board shall be supplied complete with double compression type nickel
ptated brass flameproot cable glands and Tinned copper lugs for incoming and outgoing
cables. Flameproof mickel plated brass sealing phgs shall be supplied, for plugging the unused
cable entries. The quantity of sealing plugs shall be equal to 20% of the total mumber of
outgoing cable entrias.

Inside the PDB. the wiring for power, control, signaling protection and instrument circuits
shall be done with FRLS, PVC/ XLPE insulated copper conductor & BIS approved having
6607 1100 V grade insulation. Tor medules rated above L00A, preferably copper strip
connections shall be used, The conirol connections shall be done with 660 pade PVC!
XLPE msulated FRLS wires having stranded copper conductors. Minimum size of control
wire shall be 1.5 mm? copper for circuits having {use rating 10 A or less. For higher fuse
rating control circuits, minimum 2.5 mm? copper conductor shat]l be used. Each wire shall be
identified at both ends by self-sticking wire marker tapes or PVC ferrules. Cable sheath
colours to be consistent with the phase/ neutral/ earth circuit to which they are connected.
Only one conductor shall be connected to each terminal; additional linked terminals shall be
provided where more comnections are required. All terminals shall be shrouded. All wiring
shall be clearly identified at hoth ends by individual non-ambiguous characters using barrel
type ferrules’ marker tapes,

Clamp type lerminals shall be aceeptable for wires upto 10 mm® size. For conductors larger
than 10mm?, bott type terminals with crimping higs shall be provided. Each wire shall be
terminated at a separate terminal. A minimom of 10% spare terminals shall be provided on
each lerminal block, Shorting tinks shalt be provided for all CT terminals,

A Tay plate indicating Tag Number, engraved, 3 ply laminate [ixed with serews shall be
provided on each PDB. Nameplates shall also be provided for each incoming and outgoing
feeder. A separate nameplate shall be provided to indicate the name of manufacturer, testing
agency, test certificate number, serial number, BIS license number, applicable gas group as
per [S/AEC 60079, statutory agency (PESO) approval number and any additional marking
required by statutory authority. The nameptates shall be Al anodized or $5-304 engraved type
or laser-marked and permanently fixed on the equipment. In case the standard details given
above are embossed on the enclosures, the same need not be repeated on the name plale.

Equipment/ Componcnt Specification

The Flameproof PDB shall be provided with incoming and oul-going feeder with
MCCBs/swilches! switch fuse unit! MCBs as per data sheets/ job specification.

Unless otherwise specified, main incomers shall be suitable for 415V incoming TP'TPN
power supply and provided with microprocessor based MCCB/ Switch along with (7T,
Ammeter, Voltmeter with selecior switches and R, Y. B indicating lamps on line side.

The TPN outgoing feeders shall be with MCCB or switch fuse as specified in data sheet! job
specification. Further contactor, CT, ammeter, 3 pole FLCB with maximum sensitivity of 30
mA shall be provided tor outgoing feeders as specified in MR/ Tender.

The $PN ocutgoiny feeders, shall have 2 pole isolation, i.e. Phase and Mewtral. Each outgoing
circuil shall comprise of Miniatere Circuit Breaker (MCB) wilh thermal over current and
magnetic short circuit releases. 2 pole Earth Leakage Circuit Breaker (ELCB) (M9 Category)
with maximum sensitivily of 30 mA & power contactor, CT, ammeter of required rating shall
be provided if specified in data sheet’ job specilication. MCH shall be double pole for single
phase ciruits. MCB rating shall be such that it shall not operate on starting current.

MCCBs shall be provided with spring assisted guick muke/ break manually operated trip free
mechanism with external operating handle mounted on the cubicle. MCCBs shall have
provision for padlocking in OTF position. The ON and OFF position shall be clearly indicated.

Farmal No. 8-00-0001-F1 Rev. 0 Caopyright EIL — All righls reserved
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7.25  Where specified, the MCCBs for feeder circuils such as those for Motor Operated Valve

7.2.6

1.2.7

728

729

T2.10

1.2.11

1212

7213

7204

7215
7.2.10

Actuators shall be suitable for motor duty. MCCBs as part of molor starter module shall be
current limiting ype and Lype tested for type-2? coordination as per 18/ IEC-60947
considering energy efficient motors of IE-3 (ype unless otherwise specified elsewhere.

MCB shall have minimutn breaking capacity of 9kA unless olherwise specified. Positive ON/
OFF indication shall be provided.

All switches shall be load break, heavy duty/ motor duty, air break (ype with the operating
handle. All swilches olher than rotary switches shall be lockable in (3FF position. Rating of
gwitches for starter module shall meet the requirements of AC-23 duly as per 18/ 1EC 60947
and minimum rating shall be as specified in job specification/ data sheets.

All conlactors shall be air break tvpe, equipped with main contacts and provided with
INCHINC polential fiee spare auxiliary conlacts wired to the terminal block for owner's uge.
The main contacts of contactor for motor starter module shall have AC-3 or AC-4 raling as per
package requirements. Unless specified otherwise, the coil of the contactor shall be suitable
for operation on 240 ¥V, | Phase, AC supply.

Al] fuses shall be non-deteriorating HRC cartridge link type, B1S approved. Power fuses shall
be pressure fitted tvpe and shall preferably have ribs on the contact blades 1o ensure good line
contact. It shall be possible o handle fuses during off load conditions with full volage
available on the terminals. Two nos. fuse pullers shall be provided. The fuse base shall be so
located in the modules to permit insertion of fuse pullers and easy removal of fuse links
without any problem.

Bimetal relays shall be provided for prolecting the motor from thermal overload. Bimetal
thermal overload relays shall be manually reset type with the reset push bulton provided on
ithe cubical door. Bimetal relays shall be three elements, positive acting ambient temperaturs
compensated type with adjustable setling range and buill-in single phasing prevention feature,
which operates even with 50% rated current at the time of single phasing,

All contactor controlled motor feeders for auxiliary motors ete. shall meet the requiremenits of
type-2 co-ordination as per ISIEC: 00947 considening energy efficient motors of T1-3 type,
unless otherwise specified elsewhere.

Current transformers for metering shall have an aceuracy class 1.0t and instrument securily
factor nol greater than 5. Protective current transformers shall have an accuracy class 5P and
an geeuracy limit factor greater than 10,

All measuring AC instruments shall be moving iron, (lush mounting type for incomer and
outgoing feeders. The accuracy class for all instmaments shall be 1.0 as per 18-1248, Ammelers
shall suitable for 1 Ampere C1' secondary. Minimum size of ammeter shall be either 72mm x
72 mm or 65 mm diameter. For Ammeters of molor feeders 80% of the scale length shall
cover 10084 of the C'l' primary carrent uniformly and the balance 20% of the scale shall cover
100-800% of the CT primary. A red mark comesponding 1o the full load current of the motor
shall be provided on the ammeter dial. The ammeter front glass shall be loughened. The kW
KWH melers shall be suitable to measure unbalanced loads on 3 phases 4- wire systemn. Test
terminal block shall be provided for KWH meters.

All conrol! selector swilches shall be rolary back-connecied types having a cam operated
contact mechanism with knob type handle. Ammeter selector switch shall have make before
break fealure on ils contacts. The selector switch shall generally have 4 positions, three for
reading 3 phase currents and the fourth position for OFF. The volimeter selector switch shall
also have 4 positions. Three positions shall be used to measure phase-lo-phase vollage and
fourth shall be OFF position.

Auxiliary relays/ contactors shall generally be used for interlocking and multiplying contacts.

All selector switches shall have minimum two poles for each position. Tiach position of switch
shall be indelibly marked on the PDB. Exact configuration of selector switch fe.g. LOCAL-
OFF-REMOTE etc.) shall be as per datasheet/ job specitication.

Farrnat Mo. 8-00-000H-F1 Ray, O Copyrght EIL - All righls resened
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7.2.17 Indicating lamps shall be cluster LED type or SMD chip type LED with colour lens of

1.2.18

8.0
B.1

3.2

8.3

g4

2.0

minimum 25mm diameler. The following indicating colours shall be used.

Cloged’ (ON : Red
Opend OFT : Green
Fault trip 1 Amber

Push button colours shall be as tollows:

Stopiopen/emergency stop : Red

Start/close : Qreen
Reset : Black
Test : White

The 'Stop’ push button shall be stayput type.

All motor starter feeders shall have Stop and Reset push buttons and ON and Trip indication
lamps.

INSPECTLON, TESTING AND ACCEPTANCE

During fabrication, the equipment shall be subjected to inspection by Owner/ EIL or by an
agency authorized by the Owner! EIL, if specified’ agreed in Approved Inspection Test Plan.
Manufacturer shall furnish all necessary information concerning the supply to Owner's! EIL2
inspector. All routine/ acceptance tests shall be carried out at mannfacturer's works under his
care and expense.

Type test certificates from NABJ. accredited’ Central Government [.abs in India/ IECEx-
certified! equivalent I.abs, Manufacturer’s works tesl reports, applicable PESO approval and
BIS Heense and original drawings relerred in type test certificates shatl be shown to the
inspection agency on demand during inspection. The test certificates, BIS license and FESO
approval must be valid at the time of despatch.

Test certificates of bomght out componerits shatl be shown to the inspection agency on demand
during inspection.

All eguipments shall be subjected to varions routine / acceptance tests as per Approved
Inspection & Tes! plan,

PACKING AND DESPATCH

All the equipment shall be divided into several sections for protection and ease of handling
during transportation. The equipment shall be properly packed for the selected mode of
transportation, i.e. by ship/ rail or trafler and shall be wrapped in polythene sheets before being
placed in crales’ cases to prevent damage 1o finish. The crates/ cases shall have skid bottom
for handting. Special notations such as *Fragile’, ‘This side up’, ‘Center of gravity’, *“Weight',
‘Cramer's particulars’, PO no. etc., shall be clearly marked on the packages (ogether with
other deiails ag per purchase ordet.

The equipment may be stored outdoors for long periods before installation. The packing
should be suitable for outdoor storage in areas with heavy rains and high ambient temperature
unless otherwise agreed. A set of instruction manuals for installation, (esting and
commissioning, a set of operation & maintenance manuals and a set of [inal drawing shall be
enclosed in a waterproot cover along with the shipment.
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Abbreviations:
AL Altemating Current
BIS Bureau of Indian Standards
CEA Central Elcetricity Authorily
TGMS Dhircctorate General of Mines Satety
EIL Engincers [ndia Limited
ELCB Farth Leakage Circuit Breaker
FRLS Flame Retardant Low Smoke
Gl Galvanized Iron
IEC TIntemational Eleciro-technical Commission
P Tngress Protection
IS Indian Standards
LY Low Voltage
MCB Miniatire Circuit Breaker
MR Material Requisition
NABL National Accreditation Board for Testing and Calibration Leboratories
PESD Petroleurn and Explosives Safety Organisation
PO Purchase Ordet '
PVC Poly Vinyl Chloride
SPN Single Phase and Neutral
88 Stainless Steel
TN Three Phases and Neutral
XLPE Cross Linked Poly Fihylenc

Electrical Standards Commiites
Cogvenor: Mr. Parag Gupta

Members: Mr. M. K. Sahu
- Ms. Arvind N. P. Singh
Mr. Harish Kumar
Ms. Shalini ¥erma
Mr. Raman Sood
Mr. V. K. Jain
Mz, Shirali Aggarwal
Mr. Ayush Mathur (Projects)
Mr. Rajesh Sinha {Inspection}
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3.2

4.0

This specification covers the requirements of design, manufaciure, testing, packing and supply
of Mameproof Lighting and Power panels! accessorics suitable for installation in locations
handling flammable liguids and gases / vapours.

CODES AND STANDARDS

The equipment shall comply with the requircments of latest revision of the [ollowing
standards issued by BIS:

18-5 : Calours For ready mixed paints and enamels

[5-12640 : Residual current operated circuit breakers

5/ 1EC 60079-0 : Electrical apparatus for explosive gas atmospheres
{General requircments)

IS / [EC 60079-1 : Electrical apparatus for cxplosive gas almospheres
{Equipment Protection by Flameproof Cnclosurcs
g™

IS5/ IEC 60529 : Degree of protection provided by cnclosures
({IF Code)

IS/ IEC 608398 : Electrical Accessones - cireult breakers for over
protection for household and similar installations

157 IEC 60947 ' : LV switcligear and control gear.

In case of importcd cquipment, only IECEx {or equivalent, if more stringent than the
applicable IEC) certified equipment shall be nsed.

The equipment shall also confirm to the provisions of CEA Regulations with latest
amendments and other stalutory regulations currently in force in the comntry.

In case Indian standards are not available for any equipment, standards issucd by IEC or
equivalent agency (il more stringent than TEC) shall be applicable.

In casc of any conflict between requirements specified in varicus applicable documents for the
project, the most stringent requirement shall govern. However, Owner’s! EIL s decision in this
regard will be final and binding.

GENERAL REQUIREMENTS

The offered cquipment shall be brand new with state of art technology and having praven tield
track record. No prototype equipment shall be offered.

Vendar shall ensure availability of sparc parts and nmintenance support services for the
olfered equipment for at least 10 years from the date of supply.

SITE CONDITIONS

The equipment shall be suitable for installation and satisfactory operation in classificd
hazardous locations in tropical, humid and corrosive atmosphere as prevalent m refineries,
petrochemical and [ertilizer plants. The lighting and power panels shall be designed to operate
under site conditions as speeified in the data sheel. If not specifically mentioned therein, a
design ambient temperature of 4¢° C and an altitude not cxecedng 1(00m above mean sea
level shall be considered.

Farmat Mo, B-00-0001-F1 Rey. 0 Copyright EIL = All rights reserved
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7.0
7.1
7.1.1

T1.2

113

.14

T1.4

Lighting and power panels shall be suitable for 415V, 501z, TPN incom mg power supply and
‘putroing ciccuits for 240V, SPN power supply. :

For projects falling under the junsdiction of DGMSE, the tollowing additionsl requirements
shall apply:

The phasc-to-phase voltage shall not exceed 125V (where electric lighting is used in
underground mine)’ 250V {where electric lighting is uscd in open cast mine or surface of a
mine}, with the neutral or the mid-point of the lighting system connected with earth,

The panels shall have three phase, 3-wire system, without neutral.

Qutgoing circuits shall be controlled by 2-pole MCBs, Farth leakage protection shall be
provided for all outgoing ciccuits, which shall isolate both poles.

CERTIFICATION

The equipment shall have test certificates issued by NABL-approved/ Central Government
labs in India/ IECEx-approved/ equivalent labs. All equipment (indigenous & imported) shall
also have valid statutory approvals, as applicable, for the specificd location, and marking as
per IS/IEC 60079 and as required by statufory awthorities. All indigenous flameproof
equipment shall have valid BIS licensc.

TECHNICAL REQUIREMENTS
Construction

The enclosures of the lighting and power pancls shall be made of cast light metal alloy, unless
otherwise specified. The enclosures of the lighting and power pancls intended for use in units
handling sulphuric acid/ other comosive materials shall be made of stainless steel grade 8S§-
316L, if specificd in MR/ Tender.

The panels shall be svitable for use in outdoor open locations and shall have mmimum IP-55
degree of protection. They shall preferably be provided with integral canopy. |Towever, where
the enclosure has been cerlified without integral canopy, a separate canopy can be accepted.
The separate canopy shall be made of at least 1.6 mm (16 gauge) galvanized sheet stecl/
stainless steel minimum §8-304 (as specified in MR/ Tender). The canopy shall be suitable for
providing protection against rain from top, back and two sides,

The lighting and power pancls shall be provided with gaskets made of non-mllammable and
self-extinguishing material.

All metal surfaces shall undergo manutzcturer’s standard cleaning/ painting’ powder coating
cycle. Afler surface preparation, the panels shall be painted with two coats of epoxy based
final paint or cpoxy powder coated with mimmum coating thickness of 80 microns, with
colour shade as below:

- Flame proof Exd {(Gas group I[A/IIB}: Dark admiralty grey shadc 632 of 1S-3/ RAL 7031
- Flame proof Exd {Gas group IC): Light yellow shade 355 of 15-5 RAL 12,

All unpainted steel parts shall be suitably treated {o prevent rust fonmation/ corrosion. [f these
parts are moving elements, then these shall be greased with non-solidifving grease. However,
in case of stainless steel lighting and power panels, finish shall be Electropolish/ Bufted/
cquivalent fmish.

A warning nscription “DO NOT OPEN WHEN ENERGIZED™ shall be provided on each
cnclosure, The warning inscription shall be cmbossed on the enclosure or a scparate warning
plate with above inscription shall be fixed to the enclosure with screws. The warning plaic
shall be of nickel plated brass or stainlcss stecl,

All accessories like nuis, bolls, washers elc. shall be made of stainless steel 55-304.

Format Mo, 8-00-J001F 1 Rew. 0 Copyright EIL — All rights reserved



St SPECIFICATION STANDARD SPECIFICATION No.

NG ERS
FOR
e clics W DDA IMTED 1 AMEPROOF LIGHTING 6-51-0008 Rev. 6
AND POWER PANELS Page el 7

7.1.7 Al the non~current carrying metallic parts of the panel shall be inherently honded together.
Each lighting and power panel shall be provided with two earthing studs (bolt, nur with spring
and plain wasbet) with lugs on the exterior of the panel enclosure suitabie for termination of
10 mm dia Gl wire rope. No screw type fixing arrangement shall be allowed. :

7.1.8  Each outgoing feeder shall be provided with distinct terminals for phase, neutral and earth.
The terminal block enclosures shall be adequately sized to properly terminate the cables hy
taking into account the required bending radii of cable cores and shall bave the following
minimum gland to terminal distances:

Conductor Unb to 2.5 mm? Above 25 mm” & | Above 10 mm® & | Above 35 mm* &
Size e Up to 10 mm? Up to 35 mm’ Up to 95 mm?
Gland to
terminal 44 mm &0 mm 100 mm 150 mm
distance

7.1.8  The panels shall be provided with suitably sized cable entries at the botom/ sides, for
incoming and outpoing cables. Panels shall be complete with double compression type mickel
plated brass flameproof cable glands. Flameproof nickel plated brass scaling plags shall be
supplied, tor plugging the unused cable entries. The quantity of sealing plugs shall be equal to
20% of the total number of outpoing cable entries.

7100 The pancls shall have extemal fxing lugs for mounting on wall or column. The hales provided
on these lugs shall be of ohlang type.

7101 A tag plate indicating Tag Number, engraved, 3 ply laminate fixed with Screws, shall he
provided on each lighting and power panel. Namcplaies shall also be provided for each
incoming and culgoing feeder. A separate nameplate shall be provided to indicate the name off
manufacturer, testing agency, test cortificate number, scrial mumbst, BIS license number,
applicable gas proup as per IS/1EC 60079, stahrtory agency (PESO) approval number and any
additional marking required by siatutory authority, The nameplates shall be Al anodized or
$5-304 enpraved type or laser-marked and permanently fixed on the cquipment In case the
standard details given above are embossed on the enclosures, the same need not be repeated
on the name plate.

7.2 Component Specification

72,1 Bus bars in the hghting and power panels shall be made of high conductivity copper, and shall -
be supported by non-hygroscopic insulators. Bos bars shall be colour coded for identification
of phases and newtral.

72.2 The incomer shall have onc no. 4 pole MCB isolator (without overload and short-circuit
release} and wne ne. 4 pole ELCB (if specified in the MR/ Tender). EL.CBs shall havi a
maximum sensitivity of 30maA,

7.2} The oulguing feeders shall be provided with douhle pote MCRs having overload and short-
circuit releases. Further, separate 2 pote ELCBS with maximum sensitivity of 30mA shall be
provided for outgoing feeders if specified in MR/ Tender.

7.24  All MCBs (cxcept isolators) and ELCBs shall be with 10kA interrupting capacity.

125  The ELCB shall be hand reset type. Door mounted reset push hutton shatl be provided for
CLCh.

1.2.6  The operating knobs (ON OFF/ RESET) shall he provided with a switable rack and pinion
arrangement or cam type operating mechanism for operating them smoothly from cutside.

73 Terminals & Wiring

7.3.1 The panels shall be provided with sufficient number of terminals. More than 2 wires per
ierminal shall not be permitted. If required, additional terminal with shorting link may be
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7.3.2

8.0
8.1

84

4.0

used. Tinned Copper lugs shall be provided for cable termination. Tncoming and outgoing
terminals shall be suitably segregated.

All internal wiring in lighting and power panels shall employ adequately sized, 660V/ 1100V
grade, FRLS wpe, XLPES PV insulated, Copper conductor wires, colour coded for phase,
neutral and earth, with minimum conductor sizes as below:

Ineamer : 16 trim?
Quigoing : 25 mm?
All terminationg shall be with suitable lugs,

INSPECTION, TESTING AND ACCEPTANCE

During fabrication, the equipment shall be subjected to inspection by EILS Owner ot by an
agency authorised by the Owner, as per agreed Tnspection Test Plan. Manufacturer shall
furnish all necessary information concerning the supply to EILS Owner's inspector. All

.routing/ acceptance tests shall be camied oul al manufaclurer™s works onder his care and

expense,

Type test certificates from NABL-approved! Central Governmentl Labs in India’ [ECEx-
certilied! equavalent Labs, Manufacturer's works test reports, applicable PES() approval and
BIS license shall be shown to the inspection agency on demand during inspeclion. The
certificates, BIS license and PESQ approval must be valid at the time of despatch.

Test certificates of bought aut components shall be submitted to the inspection agency, as per
inspection and Test Plan ne. &31-1008, .

All equipments shall be subjected to various rounne’ acceptance lests as per Inspection and
Test plan no. 6-31-1008.

PACKING AND DESPATCH

All the equipment shall be divided into several seclions for protection and ease of handling
during transportation. The equipment shall be properly packed for the selected mode of
transportation, Le. by shipd rail or trailer and shall be wrapped in polythene sheets before being
placed in crates’ cases to prevent damage to finish. The crates/ cases shall have skid bottom
for handling. Special notations such as *Fragile’, ‘This side up®, *Center of gravily’, ' Weight',
‘Owner’s particulars’, *PO no.” ete., shall be clearly marked on the packages 1ogether with
other details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The packing
should be spitable for outdoor storape in areas with heavy rains and high ambient temperature
unless otherwise agreed. A set of insiruction mapuals for insallation, testing and
cominissioning, a set of operation & maintenance manuals and a set of final drawing shall be
enclosed in a wiaterproof cover along with the slipment.
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Abbreviations;
A Ampere IEC Loternational Electrotechnical
AC Allermating Curreni Commission
HIS Bureau of Tndian Standards 1P Ingress Protection
CEA Central Electricity Authority 15 ndian Standard
CPRI Central Power Research KA kilo Ampere
Inslitule kW kilo Watt
CRCA Cold Raolled Cold Annealed kWH kilo Wart Hour
CT Cument Transformrer LED Light Emitting Thode
DC Drirect Current MCB Miniature Circuit Breaker
DOL Dvireed On Line MCCH Moulded Case Circuit Hreaker
CIL Engineers India Limited MV Medium Voltage
EPDM Eihylene Propylene Diene N Motrmally Open
Monomer NC Normally Closed
FRLS Flarme Retardanl Low Smoke pPVC Poly Vinyl Chloride
HDPE High-Density Polyethylene v Volt
HRC High Rupture Capacity

XLPE Cross-linked polyethylene

Elcctrical Standards Committee
Convenor: bAr. Parug Gupta

Members: bir. M.E. Sahu
Ms. Arvind M.P. Singh
dr. Harish Kumar
Ms. Shalini Verma
Mr. Raman Soed
Mr. V.K. Jain
Mz Shirali Aggarwal
Mr. Avush Mathur (Projects)
Mr. Rajesh Sinba {Inspection)
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SCOPE

This specification covers the requirement of desigr, fabrication, testing, packing and supply of
Medium voltage fixed type switchboard in single [ront execution required for receipt, control
and distribution of power (o various medium vollage consumers of the package equipmernt
such as Air conditioning plant, Pressurization plant, ete.

CODLS AND STANDARDS

The equipment shall comply with the requirements of latest revision of the following
standards issued by BIS unless otherwise specified.

15:5 : Colours for ready mixed paints and enamels

IS: 1248 : Direct Acting Indicating Analogue Hlectrical Measuring [nstruments
and their Accessories

IS : 2824 : Method for detenmining the proof and the comparative fracking
indioes of solid insulating materials.

15 - 5082 : Wrought aluminum and aluminum alloy bars, rods, fubes and sections
lor electrical purposes.

I5: 5578 : Guide tfor marking of insulated conductor,

18 : 11353 : Guide for uniform systom marking and identification of conductors
and apparatus terminals.

18: 13703 : Low voltage fuses for voltages ol exceeding 1000% AC or 1500V
DC,

[S:1622% : Listrument ransfommers

LEC: 1869

[SAGC: 60255 Measuring Relays and Protection Hquipment.

IS/IEC: $0269 - Low-Voltage Fuses

[SACC: 60529 . Degree of pracetion provided by enclosures (I Code).

[S/EC: 60947 - Low Voltage Switchpear and control gear.

IS/IEC: 61439 Low voltage switchgear and control gear assemblies.

In case of imported equipment, standards of the country of origin shall be applicable if these
standards are equivalent or siringent than the applicable Indian standards.

The equipment shall also conform to the provisions of CEA Regulations with latest
amendments and other statutory regulations currently in [oree in the country.

In case [ndian standards are not available for any equipment, standards issued by [EC or
couivalent agency shall be applicable.

In case of any contradiction between various referred standardsfspecifications/data shoct and
slatutary regulations, the most stringent requiremnent shali govern and decigion of ownerTIL
in this repard shall be final & binding,

ENERAL REQUIREMENTS

The offercd cguipment shall be brand new with state of art technology and having proven ficld
track record. No prototype equipment shatl be offered.

Vendor shall cnsure availability of spare parts and maintenance support services for the offcred
equipment at least for 10 years from 1he date of suppky.

Vendgr shall give a notice of at least one-year to the end user of cquipment and FIL before
phasing cut the product'spares to enable the end wser for placement of ovder for spares and
services,

Formal Mo, 800 -D001-F1 Rev. 0 Copyright CIL - All rights reserved
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5.10

SITE CONDITIONS

The switchboards shall be suitable for installation and satisfactory operation in a pressurised
room or in room with restricted natural air ventilation in @ tropical, humid and corrosive
almosphere.

The switchboards shall be designed to operate under specified site conditions. T not
specifically mentioned, a design ambicnl temperature of 407 C and altitude not excesding
1000 metres above mean seg level shall be considered.

All the equiptnents described in this specificalion are intended for continuous duty with the
specified ratings under the specificd ambient conditions unless indicated otherwise.

DESIGN AND FABRICATION REQUIEEMENTS

The switchboard shall be [ree standing, suitable for directly flush mounting with the wall, with
complete from gecess for operation and maintenance. The switchboard shall be fixed type, in
single front execution, assembled in single line up, metal enclosed, fully compartmentalised,
totally segregated compuriments for feeders, cables and bus bar, dust and vermin proof
suitable for indoor installation with form of intemnal scparation minimum“Torm-3b7 as per
ISEC-61439, unless olherwise specified elsewhere,

The switchboard enclosure shall be dust and vermin proof and shall provide a degree of
protection not less than IP-41.

The swilchgear shall be assembled out of vertical punels of uniform height not exceeding 2450
mm in a single line up. The maximum height of the operating handle/switches shall not exceed
1900 mm and the minimum height not below 300 num.

The switchboard shall be designed to emsure maximum safely during operation, inspection,
and connection of cables, relocation of culgoing circuits and maintenance with the bus bar
system energised and without taking any special precautions. The swilchggar shall permit
maximum interchangeability. All identical equipments and corresponding parts shall be fully
interchangeable.

1t shall be possible to extend the switchboard, in cither dircction at a later date. End of bus bars
shall be suitably dnlled for this purpose. Panels at extreme end shall have openings, which
shall be covered with plates screwred to the panel.

Adequate means shall be provided to prevent shorting of power and / or control terminals due
to accidental dropping of maintenance tools etc. inside the switchboard. Checking and removal
of components shall be possible without disturbing adjacent equipment/modules/freders.

The frame, of individual vertical panels shall be fabricated using pressed and cold rolled sheet
steel. The sheet steel used for pancl shall be of minimum Zmm (148WG) CRCA except the
doors and covers thal may be made of Lémm {165WG) CROA. Wherever required, stifteners
shall be provided to increase mechanical strenglh of large size doors and covers.

As an allernative o CRCA, Aluzinc/pre-galvanised sheel stepl can also be provided for
internal inter-panel partitions only as per vendor's standard manufacturing practices. However,
all external surfaces shall be of CRCA with specified paint shade.

The switchboard shall be provided with intepral base frame for each wvertical pancl. The
switchboard integral base frame shall be suitable for tack welding.

All hardware shall be corrosion resistant, All joints and connections of the pansl members
shall be made of galvanised or zine passivaled cadmium plated high quality steel bolts, nuts
and washers, secured against loosening,

All openings, covers and doors shall be provided with gaskets of Neoprene/HDPTIEPDM or
eyuivalent ground the perimeter to make the switchboard dust and vermin proot.
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514
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5.19

5.20

a.21

5.2

Buitable removable type eyebolts’ lilting books shall be provided for lilting ol the
panel/shipping section. These eyebolis! lifting hooks, when removed shall not leave any
opening in the panels.

Afler preparation of (he under surface, the panel shall be spray painted with two coats of
epoxy based final paint or shall be powder coated. The colour shade of final paint shall be as
RAL-7032, unless specified otherwise, Panel finish shall be (ree from imperfections like
pinholes, orange peels, runoff paint, ete.

All unpainled stegl parts shall b zinc passivated, cadmium plated or suitably treated to
prevent sust and corrosion. B these parts are moving elemests, then these shall be greased.

The switchboard shall be suitable lor top or bollom cable entry as mentioned in datashest, and
shall be provided with removable gland plates, The gland plate thickness shall be minimum
3mm. Non-magnetic cable gland plates shail be provided for termination of single core cables.
The switchboard shall bave & separate cable alley for each vertical panel with cable tying
arrangement, The cable alley width shall be sufficient to accommaxdate the required number of
cables. I{owever, in any case it shall not be less than 200mm width. The cable alley shall be
provided with a suitable hinged door,  Requited number of single compression tickel plated
brass cable glands and tinned copper compression type lugs {for bolied terminals) for all
power and control cables shall be included in the vendor’s scope of supply.

The switch board shall comprise of incoming load break switch panel or air circuit Yreaker
panel, outpiing switch fuse, switch fuse contactor feeders, MOCE feeders, motor starter
feeders, control supply transformers, both power and auxiliary/control hus bars, cable
termination compartment etc. All these shall be housed in independent compartments
separated from each other by metallic harrier.

Main horizontal bus bars shall be provided at the bollom in separate compartment for
switchboards with top cable entry and at the top for switchboards with bottom cable entry.
Yertical bus bars required tor connection between main bus bars and owtgoing feeders shall be
in separate vertical chamber, One set of vertical bus bars can be provided for feeding oulgoing
feeders in two panels on either side of the verlical bus bar,

All components including bus bars and cable (ermination shall be accessible only from the
fromt side for repair and maintenance,

Each outgoing feeder shall be in noultitier arrangement having minimum height of individual
module as defined in switchboard data sheel. All leeders shall be of modular design with
height in multiples of standard unit size.

All auxiliary devices for control, reset, indication, measurement and protection except the
bimetallic relays shall be mounted on the front side of the respective compartment,
Components requiring frequent inspection during operation shall be casily accessible. The
design shall be such that all power ON/OFF or START / STOP and relay resel operations shall
be performed without ¢pening the panel door.

Each vertical panel shall be provided with space heater 10 prevenl moisture condensation raled
tor 240Y AC supply, provided with a switch, fuse or double pole MCE and thermostat having
variable setling range of 30-70 “C. ‘The panels shall be provided with suitable illuminating
LED lamp with switch and fuse or MCEB. Further, one numboer 240% AC, 6/ 16A, 5 Pin socket
for owner's use shall be provided inside panels,

Main bus bars shall be of high conductivity electrolytic aluminium/ copper having uniform
current raling throughowt their length. Horizontal and vertical bus bars shall be sized
depending upon the maximum expected current and to limil the specified maximum operating
temperatuze at specified design ambient temperature.

The hotspot temperature of busbars, including joints, at design ambient temperafure shall not
exceed 25°%C under normal operating conditions. However, tor silver plated joints, the
allowable maximum temperature shall be 115°C,

Fommet No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved
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325

5.26

.27

528

5.29

5.30

5.51

532

6.0
6.1

6.2
a3

Minmirnurn clearance between live parts, between live parts/neutral to ground shall be 19 mo.
However, clearances between lermioals ol componenls shall be as per applicable imlividual
standards for respective components,

Addequately sized auxiliany copper bus bars runping horizootally in a separate enclosure !
compartment shall be provided for space heaters, contral supply and metening reguirements,
Mecessary tee-ofl conneclicns shall be vsed (or dhstribuling auxiliary supply to each vertical

panel.

Al horizental and vertical bus bars shall be insulated with heat shrink PYC sleeves of 1100V
grade and removable shrouds shall be provided [or jeints. All bus Bars shall e promineotly
marked with Red, Yellow and Blue colour rings for easy phase identification at regular interval
ansl al every power lap off point and desigoed to withstand specitied short circuit currents for
onc second.

Cop?er earth bus of minimum 30x6 mm® size for fault level upto 31.5 kA and minioum 50x6
i Sige for [awll level abowe 31.5 kA sball be provided throughoul the length of the
switchboard with provision for interconnection to carthing grid at two ends. All non-gorrent
carrying metallic parts of the mounted eguipment shall be canbed), Doors and movable parts
shall be carthed using flexible copper connections,

{pside the switchboards, the wiring for power, control, signalling, protection and instrument
circuits shall be done with FRLS, PVC/XTPE insnlated copper conduclors & BIS approved
baving 660/1100 ¥V grade insulation.

For modules rated above 100 A, preferably copper sinp connoctions shall be used. The
controls connections shall be done with 960V grade PVCXLPE insulated FRLS wires having
stranded copper conductors, Minimum size of contral wire shall be 1.5 mm? copper [or circuils
having fuse rating 10 A or less. For higher fuse rating control circuits, minimum 2.5 mm?
capper condugtor shall be used. Fach wire shall be identified at both ends by self=sticking wire
marker tapes or PYC ferrules. Transparent shrouds shall be used on outgoing power terminals.

Clamp type terminals shall be acceplable for wircs uplo 10 mm? size. for conductors larger
than 19 mm’, bolt type terminals with crimping lugs shall be provided. Each wire shall be
terminated al a separae werminal. A minimum of 10% spare terminal shall be provided on each
terminal block. Shorting links shall be provided for all CT terminals.

Components of similar modules of satme sizes shall be wentically located and wired. Control
supply change over switch shall be provided in case the switchboard s with two bus-sections.

In open doors condition of compartmaent, all live parts or erminals of all door-mountesd,
internal components and bus contact openings shall be IP-2X protected.

Unless otherwise specified elsewhere, the switchboard assembly and components shadl be
suitahle for use in pollution degree 3 environment as per 1S/TEC.

FQUIPMENT / COMPONENTS SPECIFECATION

Al circuit breaker shall be air break type All swilches shall be load break, heavy duty/motor
duty, air break type with the operating handle mounted on the compariment door, complate
with mecessary interlock and deleal mechanism. All switches drives other than rotary switches
shall be lockable i OFF position. Rating of switches for starter module shall mect the
requiremnents of AC-23 duty as per 15/ IEC 60247 and minimum rating shall be as specified in
job specification/data sheets.

The incotmers & buscoupler shall be provided with 4 pole load break switchibreaker.

All contactor controlled starter feeders shall meet the requirements of type-2 co-ordination as
per ISAEC: 60947, However, contactor controlled motor feeders shall meet the requirements
of type-2 co-ordination as per TS/TEC: 60947 considening encrgy eflicient motors of 1E-3 type,
unless otherwise specified elsewhere.

Foarnat No. 8-00-3001-F1 Rev. § Copyright €IL - Al rights resened
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6.4 All fuses shall be non-geteriorating HRC cartridge link type, BIS approved. Power uses shall
be pressure [itled type and shall preferably have tibs on the contact blades to ensure gond line
contact. It shall be possible (o handle fuses during off load conditions with full voliage
available on the terminals. Wherever required fuse pullers stiall be provided, The Tuse base
shall be so located in the modules to permit insertion of Tuse pullers and remaoval of fuse links
withowl amy problem.

6.5 The contactors shall be air break type, equipped with three main contacts and provided with
INO+HINC potential free spare auxiliary contacts wircd to the terminal block for owner’s use.
The main conlacts of contactor for motor starter module shall have AC-3 or AC- rating as per
package requirements. Unless specilied atherwise, the cail of the contactor shall be svitable
for operation on 240 ¥, 1 Phase, AC supply.

6.6 Bimetal relays shall be provided for protecting the motor from thermal overlead. Bimetal
thermal overload relays shall be manually reset type with the reset push button provided on the
cubical door. Bimetal relays shall be three elements, positive acling ambicni temperatire
cumpensated type with adjustable setting range and buili-in single phasing prevention feature,
which operates even wilh 30% rated current at the time of single phasing.

67  MOCBs shall be provided with spring assisted quick make/ break manually operated trip free
mechanism, "ON and “OFF’ position of the operating handle of MCCB shall be displayed and
the operaling bandle shall be mounted on the door of the compartment, MCCB's as part of
motor starter module shall be cumrent imiting lype and type tested for type-2 co-ordination as
per 15/ IEC-60947 considering cnergy efficient motors of 1E-3 type unless otherwise specified
clacwhere.

6.8 Current transformers Tor metering shall have an accuracy ¢lass 1.0 and instrument security
factor not greater than 5. Protective current transformets shall have an accuracy class 5P and
an accuracy limit factor greater than 10

649 All measuring AC instruments shall be moving iron, flush mounting type and of 96 x 96 mm
square pallern instruments for incomer and outpoing feeders. The accuracy class for all
instruments shall be 1.0 as per [5-1248. Ammeters for motor feeders shall have a non-linear
compressed scale al the end to indicate motor starting current and red mark for the [ul] load
current. The KWW meters shall be suitable to measore onbalanced loads on 3 phases 4
wire system. Test terminal block shall be provided for KWII meters.

6.10  Digital meters shall be provided, if specified in job specifications/datasheets. All digital meters
shall be highly reliable, accurate. compact and self powered. Digial meter data shall be saved
in case of power failure.

601  All Contral/selector switches shall be rotary back-connected lypes having a cam operated
contact mechanism with knob type handle. Ammeler sclector switch shall have make before
break feature on its comtacts. The selector switch shall penerally bave 4 positions, three for
reading 3 phasc currents and the fourth position for ofl. The volimeter selector switch shall
also have 4 pasitions. Three positions shall be used to measure phase-to-phase vollage amd
fourth shall be OFF position.

612 Auxiliary relays/contactors shall generally be used for interlocking and multiplying contacts,

6.13  MCB shall have minimum breaking capacity of 9kA wunless otherwise specified. Positive
ON!OFF indication shall be provided.

6,54 Indicating lamps shall be cluster LED type of minimum 8mm-diameter size. The following
indicating colours shall be used. '

Clascd/on : Red
Open/oft : Green
Fault trip : Amber
Control supply on ; White

Format Mo, 3-00-00031-F1 Rew. O Copyright EIL — All rights reserved
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6.15

6,16

7.4
T

72

7.3

8.4

Push button colours shall be as lollows:

Slop/open/smcgensy stop *  Red
Start/closs : Cireen
Resaifiest : YellowTlack White

The "Stap' push button shall be staypul Lype.

All motor starter feeders shall have Stop and Reset push buttons and On and Irip indication
lamps.

A cenirally located enpraved nameplate shall be provided for the switchboard, Each module
shall have cngraved nameplate bearing data as per approved drawings. Nameplate or polycster
adhesive stickers shall be provided for each cquiptnent tounted on & inside the switchboard.
[dentification tags shall be provided inside the papels matching with those shown on the
circuit diagram. Special warning labels shall be provided on remavable covers or doors ghving
access to cable lerminals and bus bars.

Cngraved nameplates shall preferably be of 3- ply (Black-White- Black) lamicoid sheets or
anodised aluminium. However back cngraved perspex sheet nameplates may alse be
acceptable, Nameplates shall be fastened by screws and not by adhesives.

INSPECTION, TESTING AND ACCEPTANCE

During fabrication, the switchboard shall be subjecl 1o inspection by ETL / Owner, or by an
agency authorised by the Owner, 10 assess the progress of work, as well as to ascertain that
only quality raw material is wsed. The manufacturer shall lumish all necessary information
concerming the supply i EIL / Owner's inspectors.

For testing requirements refer Inspection & Test Plan No. 6-81-1012, Prigr notice of minimuim
4 weeks shall be given 1o TIT jowner for witnessing the final testing of the complete assembly
o ctsure satisfactory operation of all components. "lests shall be carried out a1 manufaciures's
works under his care and expense,

Test certificates of bought out components shadl be submitled to the inspection agency, as per
Inspection and Test Flan no. $-81-1012.

PACKING AND DESFATCH

All the equipment shall be divided in to several shipping sections lor protection and case of
handling during transportation . The equiptaent shall be properly packed for transportation by
shipimail or trmiler. The pancls shall be wrapped in polyethylene sheets before being placed in
wooden crates /cases to prevent damage 10 the fimsh. Crates /cases shall have skid bottoms for
handling. Special precaution notations such as Fragile, This side up, centre of gravity, weighl,
Owner’s particulars, Purchase order number etc. shall be clearly marked on the package
together with other details as per purchase order,

The cquipment taay be stored outdoors for long periods belore installalion, The packing
should be suitable for ouldoor storage in arcas with heavy raing and high ambient temperature
unilcss otherwise agreed. A set of instruction manuals for installation, (esling and
commissioning, a st of operstion & maintenancs manuals and a set of final drawing shall be
enclosed in a waterproof cover along with the shipment,
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Abhroviations:

AC Alternating Current

BIY Bureau of Indian standards
CEA Central Electricity Aunthority
CT Current Transformer

pC Drtect Current

EIL Engineers [ndia Limited
FRLS Flame Retardant Low Smoke
Gl Galvanised Iron

IEC Internaticnal Electrotechnical Comtnission
1P Ingress Prolection

IS Indian Standards

LED Light Emitting Diode

LY Low Voltage

NC Nermally Closed

NO Normally Cpen

B Push Rutten

PO Purchase Order

PVC Poly Vinyl Chloride

SMD Surface Moumt Device

55 Stainless Steel

WG Standard Wire Gauge

VFD Variable Frequency Drive
XLPE Cross Linked Poly Ethylene

Electrical Standards Committee
Convenor:  Mr. Parag Gupta

Members:  Mr. MK, Sahu
Mz, Arvind NP Singh
Mr. Harish Komar
Ms. Shalini Verma
M. Ramap Sood
Mr. V.EK. Jain
Ms. Shirali Aggarwal
Me. Ayush Mathur (Projects)
Mr. Rajesh Sinha (Inspection)
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1.0 SCOPE

20
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30
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32

4.0

50
51
5.1

This specification covers the requirements of design, manufacture, testing, packing and suppiy
of industrial 1ype control stations and accessories suitable for installation in non-hazardous/
safe outdoor aress.

CODES AND STANDARDS

The equipment shall comply with the requirements of latest revision of following standards
issued by BIS:

IS:3 : Colours for ready mixed paints and enamels.

1S: 1248 :  Direet acting indicating analogue measuring instruments and
their aceessories.

IS /IEC: 60329 :  Degrees of protection provided by enclosures (IP code).

IS/ IEC: 60947 : LV switchgear and control gear.

In case of imported equipment, IEC standards or equivalent standards shall be applicable, if
these standards are equivalent or more stringent than the applicable [ndian Standards.

The equipment shall also conform o the provisions of CEA Regulations with latest
amendments and other statutory regulations currently in force in the country.

In case Indian standards are not available for any equipment, standards issued by IEC or
equivalent agency (if more stringent than [EC) shall be applicable.

In case of any conflict between requirements specified in vatious applicable documents for the
project, the most stringent requirement shall govern. However, Owner's/EIL"s decision in this
regard will be finzl and binding,

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of art technology and having proven fleld
track record. No protolype equipment shall be ottered.

Vendor shall ensure availability of spare parts and maintenance support services for the
offered equipment for at least 10 years from the date of supply.

SITE CONDITIONS

The equipment shall be suilable for installation and satisfactory operstion in tropical, humid
and corrosive atmosphere as prevalent in refineries, petrochemical and fertilizer plants. Unless
otherwise specified, a design ambient temperature of 40° C and an altitude not exceeding 1000
m above mean sea level shall be considered.

TECHNICAL REQUIREMENTS
Construction

The enclosores of the control stations shall be made of either sheet steel or cast light metal
alloy, unless olherwise specified.

The conirol stations shall he suitable for wse in outdoor open locations and shall have
minimum 1P-55 degree of protection. Suttable canopy shall be provided for protection against
rain from top, back and two sides. The separate canopy shall be made of at least 1.6 mm (16
gauge) palvanized sheet steel/ stainless steel minimum 88-304 (as specified in purchase
specifications),

Format No. B-0-(01-F1 Rey. 0 Copyright EIL = All rights reserved
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3.2
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All control stations shall be suitable Lw 240V AC as well as for 110V/220Y DC control
supply,

The control stations shall be provided with gaskets made of non-inflammable and self-
extingnishing material,

All metal surfaces shall undergo manufacturer's standard cleaning/ painting/ powder coating
cycle. After surface preparation, the equipment shall be painted with two coats of epoxy based
final paint or epoxy powder coated with minimum coating thickness of 80 microns, with
colour shade as dark admiralty grev, shade 632 of 1S-5/ RAL 7031, All unpainted parts shall
be suitably treated to prevent rost formation/ corrosion. If these parts are moving, then these
shall be greased with grease which does not solidify.

All accessories like nuts, bolts, washers etc. and operating shaft of posh buttons, switches ete,
shall be made of stainless steel 55-304. Alternatively, nickel-plated brass material may be
vsed for the operating shafts of push buttons, switches etc.

The control stations shall be provided with two earthing studs (minimum M10 bolt, nut with
spring and plain washer} with lugs on the external surface of the enclosures suitable for
termination of 8 SWG Gl wire. No screw type fixing arrangement shall be allowed.

The control stations shall be provided with undrilled gland plate. However, double
compression nickel-plated brass cable glands shall be supphed loose to suit the specified cable
sizes. The cable termination chamber of the control station shall be large enough to provide a
minimum space of 100 mm hetween top of the cable gland and bottom of the terminal bleck.

The control stations shall have external fixing lugs for mounting on wall or column, The holes
provided on these lugs shall be of oblong type.

A tag plate indicating Tag Number shall be provided on each control station. The tag plate
shall be engraved, 3 ply laminate fixed with screws.

Component Specification

Push butions for START/ QPEN and STOP/ CLOSE shall be of GREEN and RED colour
respectively. Each push button shall have two NO and two NC contacts, The STOP push
button shall be mushroom type with stay put feature and lockable in pressed position. Refer
Sketch 1 for wiring and other details for various types of control stations

All selector switches shall have minimum two poles for each positicn. Each pasition of switch
shall be indelibly marked on the control station. The contiguration of selector switch shall be
LOCAL-OFF-REMOTE.

All ammeters shall be of moving iron type having an accuracy class of 1.5 and suitable for |
Ampere CT secondary. Minimum size of ammeter shall be either 72 mm x 72 mm or 65 mm
diameter. 80% of the scale length shall cover 100% of the CT primary current vniformly and
the balance 20% of the scale shall cover 100-800% of the CT primary. A red mark
cotresponding to the full load current of the motor shall be provided on the ammeter dial. The
ammeter front glass shall be toughened.

Indicating lamp(s), wherever provided, shall be clustered LED type or SMD chip type LED
with colour lens of minimum 25 mm diameter,

Terminals & Wiring

The control stations shall be provided with sufficient number of terminals. More than 2 wires
pet terminal shall not be permitted, If required, additional terminal with shorting link may be
used. Each terminal for external cable connection shall be suitable for termination of 2.5 mm’
{unless otherwise specified) stranded copper conduetor. Tinned copper lugs shall be provided
for cable termination wherever applicable.
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532  All internal witing shall employ 1.5 mm’, 660V/ 1100V grade, FRLS type, XLPE/ PVC
imsulated copper conductor wires. All terinination shall be with suitable lugs.

6.0 INSPECTTON, TESTING AND ACCEPTANCE

6.1 During fabrication, the equipment shall be subjected to inspection by EIL/ Cwner or by an
agency authorised by the Qwner, as per agreed Inspection Test Plan. Manufacturer shall
furnish all necessary information concerning the supply to EIL/ Owner's inspector. All
routine/ acceptance tests shall be carried out at manufacturer's works under his care and
CXPENse.

6.2 Test certificates of bought out components shall be submitted to the mspection agency, as per
Inspection and Test Plan no, 6-81-1014.

6.3 All equipment shall be subjected to various routine / acceptance tests as per Inspection and
Test Plan no. 6-81-1014.

7.0 PACKING AND DESPATCH

All the equipment shall be divided into several sections for protection and ease of handling
during transportation. The equipment shall be properly packed for the selected mode of
transportation, i.e. by ship/ rail or trailer, and shall be wrapped in polythene sheets before
being placed in crates/ cases to prevent damage to {inish. The crates/ cases shall have skid
botom for handling. Special notations such as ‘Fragile®, “This side up”, ‘Center of gravity®,
‘Weight', *Owner’s particulars’, ‘PO no.” etc., shall be clearly marked on the packages
together with other details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The packing shall
be suitable for cutdoor storage in areas with heavy rains and high ambient temperature unless
otherwise agreed. A set of instruction manvals for installation, testing and commissioning, a
set of operation & maintenance manuels and a set of final drawing shall be enclosed in a
waterproof cover along with the shipment.
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Abhbreviations:

AC : Alternating Current

ACDB : AC Distribution Board

Ah . Ampere-hour

Amp : Ampere

BS : British Standard

CcD : Compact Disk

CEA ; Central Electricity Authority

CFL : Compact Fluorescent Lamp

CRCA : Cold Rolled Cold Annealed

Do : Direct Current

DCS : Distributed Control System

DG : Diesel Generator

EMC : Electromagnetic Compatibility

Hz : Hertz

IEC : International Electrotechnical Commission

IEEE : Institute of Electrical and Electronics Engineers

IGBT : Insulated Gate Bipolar Transistor

P ; Ingress Protection

IS : Indian Standards

LCD : Liguid Crystal Display

LED : Light Emitting Diode

MCCB : Moulded Case Circuit Breaker

MR Material Requisition

MSL Mean Sea Level

NEMA : National Electrical Manufacturers Association

Ni-Cd : Mickel Cadmium

PC : Personal Computer

PCB - Printed Circuit Board

PIV : Peak Inverse Voliage

PO ; Purchase Order

P.LL. : Per Unit

PvVC : Poly Vinyl Chloride

RFI : Radio Frequency Interference

ROM : Read Only Memory

RS : Recommended Standard

SMPS : Switch Mode Power Supply

SPN : Single Phase Neutral

LIPS : Uninterrupted Power Supply

v : Vol

VDE : Verband Deutscher Electrotechniker

VRLA Valve Regulated Lead Acid

Electrical Standards Committee

Convener: Mr. MLK. Sahu

Mem bers: Ms. Harish Kumar
Ms. Arvind NP Singh
Mr. Raman Sood
Mr. Bishan Dass

Mr. Rajiv Kumar Saha

Mr. Vijay Kumar

Ms. Shirah Aggarwal

Ms. Rashmi Singh Rathur
Mr. Ayush Mathur (Projects)

Mr. Rajesh Sinha (Inspection)
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1.0 SCOPE

The scope of this specification is to define the requirements of design, manufacture, testing,
packing and dispatch of static Uninterrupted Power Supply (UPS) system.

2.0 CODES AND STANDARDS
2.1 The equipment shall comply with the requirements of latest revision of following standards:

IS: 5 :Colours for ready mixed paints and enamels

I1S: 1248 :Direct acting indicating analogue electrical measuring (Part 1, 2, 4 and 9)
instruments and their accessories.

IS: 12021 :Control transformers for switchgear and control gear for voltages not
exceeding 1000V AC

I5: 13314 :Solid state inverters run from storage batteries

ISAEC 60269- | &2  : LOW-VOLTAGE FUSES

I5: 13703 part 4 :Low-Voltage Fuses for Voltages not Exceeding 1000 V AC or 1500 V
DC - Part 4 : Supplementary Requirements for Fuse Links for the
Protection of Semiconductor Devices

1S: 13947 :Low voltage switchgear and control gear specification.

{Part-5/ Sec-2)

IEC-60146-1-1 :General requirement & line commutated inverters (specification of basic
requirements)

IEC 62040-1 :Uninterruptible power systems (UPS) - Part |: Safety requirements

IEC 62040-2 Uninterruptible  power systems (UPS) - Part 2: Electromagnetic
compatibility (EMC) requirements.

IEC 62040-3 :Uninterruptible power systems (UPS) - Part 3: Method of specifying the
performance and test requirements

IEC 62040-4 :Uninterruptible power systems (UPS) - Part 4: Environmental aspects -
Requirements and reporting.

IEEE-519 :Recommended practices and requirements for harmonic control in
electrical power systems

22 In case of imported equipments. standards of the country of origin shall be applicable if these
standards are equivalent or stringent than the applicable Indian standards.

23 The equipment shall also conform to the provisions of CEA regulations with latest amendments
and other statutory regulations currently in force in the country,

24 In case Indian standards are not available for any equipment, standards issued by
IEC/BS/VDENEEEMNEMA or equivalent ageney shall be applicable.

2.5 In case of any contradiction between various referred standards/ specifications/ data sheets and
statutory regulations. the most stringent requirement shall prevail and owner’s/ EIL s decision in
this regard will be final and binding.

3.0 GENERAL REQUIREMENTS

il The offered equipment shall be brand new with state of ant technology and proven field track
record. No prototype equipment shall be offered.

3.2 Vendor shall ensure availability of spare parts and maintenance suppon services for the offered
equipment at least for 10 vears from the date of supply.
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33 Vendor shall give a notice of at least one year to the end user of equipment and EIL before

34

3.6

3.7

38

3.9

3.10

4.0

phasing out the product/spares to enable the end user for placement of order for spares and
services.

The UPS system shall be an integrated system comprising static rectifiers, battery, static inverters,
static switches, manual by pass switch, AC distribution board, voltage stabiliser in bypass,
isolating and protection devices and all other equipment/ accessories required for completeness of
the system whether specifically mentioned herein or not, but necessary for completeness and
satisfactory performance of the system.

The UPS system shall be suitable to feed all loads connected to the output which are primarily
instruments, DCS, computers, disc drives and other SMPS equipment leading to high crest factor
of the load.

The inverter shall be transistorised (IGBT) type or with the latest proven technology. All
components shall be of a high quality and reliability that satisfy with the requirements of a secure
AC power to vital equipments with respect to performance, controlling, monitoring and
safeguarding function in continuously operating petrochemical process units, petroleum refineries,
gas processing facilities, utility and other miscellaneous industrial plants. Components shall be
capable of withstanding the thermal and dynamic stresses resulting from internal and external
short circuits and switching surges etc.

The design of the UPS shall be such as to minimise the risk of short circuits and shall ensure
human and operational safety.

The vendor shall be responsible for design, engineering and manufacturing of the complete
system to fully meet the intent and requirements of this specification and enclosed data sheets.
Selection, sizing and suitability of all equipments and components used for UPS system shall be
vendor’s responsibility.

The UPS shall be single phase or three phase system as indicated in the data sheets.

The batteries shall meet the requirement of battery Data Sheet/ battery specifications attached with
the bid document

SITE CONDITIONS

The UPS system shall be suitable for installation and satisfactory operation in a closed building
(substation, control room, satellite rack room etc.) with restricted natural air ventilation in tropical.
humid and corrosive atmosphere. The UPS system shall be designed to operate under site
conditions as specified in the data sheet. If not specifically mentioned therein, design ambient
temperature of 40°C and altitude not exceeding 1000m above MSL shall be considered for the
UPS.

TECHNICAL REQUIREMENTS
Input Power Supply

The UPS shall be suitable for input power supply as defined in the data sheet. If not specified
therein the UPS shall be suitable for the following input power supply.

Voltage : 415V £ 10%
Frequency 50 Hz + 5%

In addition to above variations, the input voltage may be subject to transient variations comprising
voltage dip to 80% of normal voltage during motor start-up and voltage interruption during short
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circuit as well as frequency variations due to large motor start up. UPS system shall be designed
to operate satisfactorily while deriving the input power from an emergency diesel generator set.

UPS system shall also operate satisfactorily on input power supply having:

the ratio of negative to the positive sequence components not exceeding 5% and total
harmonic distortion of not more than 5%.

Total Harmonic Distortion is the ratio in percentage of r.m.s. value of the harmonic content to the
r.m.s. value of the fundamental component of alternating quantity,

The manufacturer shall specify the current rating of input feeder to UPS from client switchboard
based on 150% overload at minimum battery voltage and including the UPS efficiency.

The UPS shall be designed to ensure that harmonic components in the input current are limited as
per IEEES19. Suitable filters as required shall be provided.

UPS Configuration and Operational requirements

The UPS system shall have one of the following basic configurations as specified in data sheet
and drawings.

Single UPS with Bypass (Refer Sketch 1)

In UPS system having this configuration, a single rectifier and inverter shall be provided. Under
normal conditions when AC mains power is available, the rectifier shall simultaneously feed DC
power to inverter as well as for float/rapid charging of the battery.

The AC supply to loads shall be fed from inverter output. In case of any fault in the inverter, the
load shall be automatically transferred to stabilized bypass supply and retransfer of load from
stabilized bypass supply to the inverter shall be possible in auto as well as in manual mode.

In case of AC input power failure or battery charger failure, the battery shall supply power to
inverter without any interruption. The charger shall be designed for simultaneously feeding
complete inverter load and for float/rapid charging the battery to its rated capacity. Charger shall
be equipped with *On Line” automatic as well as manual charging facility.

Parallel Redundant UPS with bypass (With 1x100% battery)(Refer Sketch 2)

In UPS system having this configuration, two sets of rectifiers and inverters shall be provided.
Under normal conditions, when AC mains power is available, both the rectifiers shall operate in
parallel and supply DC power for float/rapid charging the battery and simultaneously to inverters.
In case of failure in one rectifier, the other rectifier shall feed the complete load and the battery
without any interruption.

In case of incoming supply failure or failure of both rectifiers, the battery shall feed the inverters
without any interruption. Each rectifier shall be designed for simultaneously feeding complete
inverter load and float/rapid charging of the battery 1o its rated capacity. Each rectifier shall be
equipped with "On Line' automatic as well as manual charging facility.

Normally both inverters will be synchronised with each other and with stabilized bypass supply.
Both inverters shall operate in parallel and share the load equally.

The load sharing controls shall not be subject to common mode failure and any failure of the load
sharing controls shall not result in the loss of vital power.
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When a disturbance/fault occurs in any one of the inverters, the faulty unit shall automatically get
disconnected and the entire load shall be fed from the other inverter. In case both the inverters
develop a fault, the complete load shall be transferred to stabilized bypass supply through the
static switches and retransfer of load from stabilized bypass supply to the inverter shall be
possible in auto as well as in manual mode.

Parallel Redundant UPS with bypass (With 2x50% batteries)(Refer Sketch 3)

In UPS system having this configuration, two sets of rectifiers and inverters shall be provided.
Under normal conditions, when AC mains power is available, both the rectifiers shall operate in
parallel and supply DC power for Noat/rapid charging the 2 x 50% batteries and simultaneously to
inverters. In case of failure in one rectifier, the other rectifier shall feed the complete load and the
battery without any interruption.

In case of incoming supply failure or failure of both rectifiers the 2 x 50% batteries shall feed the
inverters without any interruption. Each rectifier shall be designed for simultaneously feeding
complete inverter load and float/rapid charging of the 2 x 50% batteries to its rated capacity. Each
rectifier shall be equipped with 'On Line' automatic as well as manual charging facility.

Normally both inverters will be synchronised with each other and with stabilized bypass supply.
Both inverters shall operate in parallel and share the load equally.

The load sharing controls shall not be subject to common mode failure and any failure of the load
sharing controls shall not result in the loss of vital power.

When a disturbance/fault occurs in any one of the inverters, the faulty unit shall automatically get
disconnected and the entire load shall be fed from the other inverter. In case both the inverters
develop a fault, the complete load shall be transferred to stabilized bypass supply through the
static switches and retransfer of load from stabilized bypass supply to the inverter shall be
possible in auto as well as in manual mode.

Hot Stand-by Redundant UPS with bypass

In UPS system having this configuration, the arrangement of rectifiers/inverters and the operating
philosophy is same as deseribed in C1.5.2.2 and C1.5.2.3 above, except that only one inverter shall
be operating at one time. The other inverter shall not be sharing the load but shall be
synchronised with the running inverter and stabilized bypass supply and remain ready to accept
the load in case of fault in the running inverter, Retransfer of load from stabilized bypass supply
to the inverter shall be possible in auto as well as in manual mode.

Dual Redundant UPS

In UPS system having this configuration, the arrangement of rectifiers/inverters and the operating
philosophy is same as described in CL5.2.1 above except that there shall be two nos. identical,
fully independent, 100% rated, single UPS with bypass (sketch-1) and output connected to
individual ACDB

In all UPS configurations, the facility for uninterrupted manual transfer in either direction through
static switches shall also be provided.

For ease of maintenance, it shall be possible to isolate inverters and static switches from load
through manually operated make before break switches. In case of larger rating UPS, where it is
not possible to provide one power switch with make before break feature. combination of breakers
with the control scheme having make before break logic may be provided which ensures
momentary paralleling before tripping of selected breaker.

UPS Design and Performance Requirements
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5.3.10

5.3.11

Incoming AC supply shall be converted 1o DC through three phase full wave controlled rectifiers.
The rectifiers shall operate according to the constant voltage current limiting principle and shall
incorporate a "Soft Start” feature to gradually accept load on initial energising.

The rectifier section of the UPS system shall be capable of precise regulation to prevent damage
to the battery. The output voltage of rectifier's DC bus without the battery shall be stabilised to
within £ 1% of set value during load variation between () to 100% of the rectifiers and specified
mains input supply voltage variation.

Suitable protection shall be provided in the control circuits to guard against instability of phase
controlled rectifiers due to electrical oscillations which may be present in the input supply as
caused by emergency DG set.

The UPS system including the stabilised by-pass shall be galvanically isolated from input power
supply system by providing double wound transformers having copper winding. All transformers
shall be natural air cooled, dry type suitable for location inside the panel. All rectifiers shall also
have a double wound transformer at its input,

An RFI filter shall be provided. The production of radio frequency interference voltage shall not
exceed the value for category C3 as per IEC 62040-2. The performance of UPS system shall not
get affected or in any way be degraded by the use of portable radio transmitter receiver in the
vicinity of the UPS system and or UPS room.

Transient/surge protection circuit shall be provided in the input circuit to rectifiers to proteet the
LIPS from surges & voltage spikes.

The LUPS system shall be designed to draw power from mains supply at a minimum power factor
of (.85 while working at rated load in normal operating UPS configuration.

The UPS shall be provided with automatic sequence and power walk in circuit(s) with time delay
of up to 15 sec. such that the rectifiers and inverters can start operating automatically when
incoming AC power is restored allowing the UPS to be loaded automatically.

UPS system offered with DC-DC buck boost converter in DC link circuit may be considered
acceptable as per manufacturer standard proven practice. DC-DC converter shall be with same
IGBTs as provided in inverter circuit.

Facility for initial charging of batteries shall also be provided at a voltage level recommended by
the battery manufacturer. The inverters may be disconnected during initial charging of the battery.

For battery sizing, the following factors shall be considered unless specified otherwise in the data
sheet:

a. Load Power Factor of 0.8

b. Minimum ambient temperature as specilied in Data sheet,

Inverter rated kVA x Rated load p. {.
Battery CUrfent = eeeeeeerme e et e s e e e e s s s st
DC-DC converter efficiency”™ x Inverter Efficiency® x End cell voltage x No. of cells
* al 50% load on each inverter for parallel redundant UPS
** DC - DC Converter Efficiency to be considered if provided

¥

d. Aging factor of 0.8
Back up time of 30 minutes in case of mains power failure unless specified otherwise in
data sheet

s
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f. Minimum end cell voltage for lead acid/'VRLA battery 1.75 V per cell and 1.0 V per cell
for Ni-Cd battery.
g. Battery state of charge factor of 0.95.

5.3.12 The rectifiers/chargers shall be designed to completely charge the Lead acid and Nickel cadmium
batteries in a maximum time of 10 hours after complete discharge and at the same time meeting
the inverter input requirements when the inverter is delivering its rated output at 0.8 p.f. Facilities
shall be provided to initiate battery rapid charge operation by manual & automatic means. An auto
charging sequence should be provided for the rapid and float charging based on current sensing.
Battery charger for VRLA battery shall be sized to provide boost charging of the battery up to
90% of rated Ampere hours within a duration of 24 hours and to 100% within 4 days. In addition
to above, the charging shall be transferred from rapid to float mode afier a preset time adjustable
through 0-24 hours timer as back up protection against over charging.

5.3.13 The rectifiers shall be sized based on the maximum inverter input load when inverter is delivering
its rated output at 0.8 rated p.f. and recharge the battery to nominal rated capacity of the battery.
The DC load imposed by the inverters shall be considered under the most severe operating
conditions where only one rectifier is operating but the UPS load is equally shared by all the
inverters. The rating of each rectifier shall be not less than the value calculated as follows:

For Lead Acid Batteries = Inverter input current* + (L.14Ah (10 hr. Rating of the battery)
For Nickel- Cadmium Batteries = Inverter input current® + 0.2Ah (5 hr. Rating of the battery)
For VRLA Batteries = Inverter input current* + 0.2Ah (10 hr. Rating of the battery)

Rated kVA capacity of UPS X Rated load power factor
* where Inverter input current = =
Battery charging voltage X Inverter efficiency

5.3.14 The DC rectifiers shall sense the battery charging current and adjust the DC bus voltage to
maintain the charging current to preset level. A separate current limit circuit shall also be provided
for adjustment of battery current. The rectifiers shall be protected against reverse battery
connection at DC link voltage bus. Subsequent to a discharge cycle when battery is connected to
rectifier, the battery current shall be monitored, controlled and limited to set value automatically
irrespective of the inverter input current.

5.3.15 The battery may be taken out of service for maintenance, during which period it shall be possible
for the inverter to continue operation by drawing power from the rectifier. Ripple content at the
DC link shall not exceed 2% even with battery disconnected.

5.3.16 Battery/ DC link shall be provided with a sensitive earth leakage detection.

5.3.17 The inverter shall be of the current limiting type (short circuit proof) and have nominal output
voltage and frequency as specified in the data sheet. The inverter output voltage and frequency
shall not exceed the operational tolerances, as measured at the output terminals of the unit during
the following conditions of UPS loading:

- Load variations between 0-100% of the rated output of UPS

- Load power factor over the range of 0.7 lagging to unity.

- Load current waveform having a relative harmonic content varying between zero and  50%,
the latter waveform having a crest factor not exceeding 2.5 and individual harmonics not
exceeding the following values :

3rd harmonic . 44% of fundamental
5th harmonic - 33% of fundamental
Tth harmonic - 1 8% of fundamental
9th harmonic - 7% of fundamental
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| Ith harmonic - 10% of fundamental

53.18

53.19

5.3.20

3.3.22

§5.3.23

§3.25

The Relative harmonic content is the ratio of the r.m.s. value of the harmonic content to the
r.m.s. value of the total non-sinusoidal periodic waveform ie. relative harmonic content =

" rms value of the fundamental component of current or voltage
I-( - e Gt o

rms value of total waveform of current or voltage

- DC input voltages over the range corresponding to battery rapid charge and battery discharge
operation during the specified discharge times.

The UPS output voltage waveform shall be sinusoidal with a relative harmonic content not
exceeding 5% for both linear and non linear loads,

The inverter shall control the output voltage of the UPS such as to maintain synchronism with the
mains bypass voltage during variations in mains frequency up to the limits specified.

Dwuring variations in mains frequency exceeding these limits, the inverter shall revert to internal
frequency contral.

It shall be possible to vary the inverter output voltage steplessly within £ 5% of the specified
output voltage. This adjustment shall be possible to be made when the inverter is in operation,

The steady state output voltage and frequency (free running) variation of inverters shall not
exceed + 1% from the set value for specified input power supply conditions from no load to full
load condition and load power factor variation from 0.7 lag to 1.0.

The UPS system shall be able to operate satisfactorily on rated loads (in kVA) with power factors
in the range of (1.7 lag to 1.0, The overall efficiency of the UPS system shall not be less than 80%
at rated load and 0.8 pf.

The UPS shall have capacity to deliver a minimum overload of 125% for 10 minutes and 150%
for 1 minute. UPS shall be provided with current limit circuit to avoid excessive loading bevond
its permissible overload withstand capability.

The inverters shall be “phase locked” to the stabilized bypass power supply as long as stabilized
bypass supply frequency remain within £ 4% of nominal. When bypass supply frequency
variation exceeds the above limits, the inverters shall be de-linked from mains. Free running
frequency tolerance limit shall not exceed + 1%. Facility shall also be provided for adjustment of
range of synchronising frequency.

Unless otherwise specified, the UPS system output voltage variation shall not exceed + 10% and
complete recovery to normal steady state shall be within 0.1 Sec. The phase angle disturbance
shall be less than 120° £ 3 % in case of 3 phase inverter. The above requirement shall be complied
for following transient disturbances.

a)  100% step load and unload (For single UPS and hot stand by UPS)

by 50% step load (for parallel redundant UPS)

¢)  Momentary interruption in power supply

d) Load transfer to stabilized bypass supply

¢} Complete load transfer 10 other healthy inverter when one of the two parallel inverters
develop a fault.

For 3 phase UPS system, the maximum output voltage and angle variation between the phases
should not exceed 6% and 3 degrees respectively even under the condition of 100% unbalanced
loading of the 3 phase output.
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5.3.26  UPS system shall be suitable both for floating output or earthing of one leg / star point in case of’

53.27

53.28

53.29

5.3.30

5.3.31

single phase/ three phase system respectively. However ACDB shall be provided with dedicated
neutral busbar (in addition to earth bus-bar for body earthing) for system earthing for grounding of
secondary side of isolation transformer including providing earthing connection from transformer
secondary to neutral bus-bar. Sizing calculation for neutral busbar and connecting conductor shall
be provided by vendor during detailed engineering.

The stabilized bypass supply shall be designed to regulate the output voltage within +1% of the
rated voltage over complete range of load from no load to full load and for specified input supply
voltage variation. The type of Voltage stabiliser in stabilized bypass supply shall be as indicated
in data sheet.

The stabilized bypass supply shall have a continuous current rating equivalent to the rated output
of the UPS unit and be capable of conducting a current ten times the rated output for the duration
more than the fault clearing time of the type of fuse provided. The load transfer devices shall
comprise of continuously rated static elements in both inverter and stabilized bypass supply.

Adequately rated static switches in required number & configuration shall be provided in the
inverter(s) output and stabilized bypass supply to ensure positive isolation of faulty inverter
section such that the other inverter and bypass circuits do not feed into the fault leading to under
voltage / trip. The short time rating of all the static switches shall be at least 10 times the rated
output for the duration more than the fault clearing time of the type of fuse provided.

Facility shall be provided to manually and automatically initiate transfer of the load from inverters
to the stabilized bypass supply and from stabilized bypass supply to the inverters. Under voltage
and over voltage sensing levels to initiate transfer shall be adjustable. The maximum transfer time
between inverters and bypass supply shall not exceed 4 msec and 20 msec in synchronous and
asynchronous mode respectively,

The criteria for load transfer:
A) Load transfer from inverter to the stabilized bypass supply shall be as follows:
(i)  The load transfer shall only be possible when:

- The stabilised bypass output voltage is within + 5% of rated UPS output voltage
and
- The mains bypass frequency is within + 4%,

(ii)  Auto-transfer of the load from inverter to stabilized bypass supply shall be initiated
when:

- The inverter output voltage drops below 95% of nominal output voltage under
steady state condition and/or il the inverter output voltage falls below 90% of
the nominal value under transient conditions.

OR

- The inverter output voltage exceeds 105% of the nominal output voltage under
steady state condition and/or if the inverter output voltage reaches 110% of the
nominal value under transient conditions.

OR
- The inverter output current exceeds its tolerable limits.

B) Retransfer of load from stabilized bypass supply to the inverter shall be as follows:

(i)  The load transfer shall be possible when-
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5332

5.3.33

53.34

A
T
s
LAy

5.3.36

5.3.38

5.3.39

54

- The inverter output voltage is within £ 5% of nominal output voltage for more
than 5 sec. and inverter output and stabilised bypass supply are synchronised

Retransfer of load from stabilised by pass to the inverter shall be done manually
only unless otherwise specified in the data sheet

If automatic retransfer of load to the inverter is specified in the data sheet, then the
retransfer of load to the inverter shall be inhibited following four automatic
transfers of load to stabilised by pass within a period of 5 minutes.

All breakers shall be adequately rated for continuous rating as well as breaking capacity as
applicable. Paralleling of breaker/ switch/ contactor poles to achieve the required current rating is
not acceptable. All output isolating device shall be double pole type.

All electronic power devices including thyristors, transistors (IGBTs). diodes etc. shall be rated
under operating conditions for approximately 200% of the maximum current carried by the
device. All other electrical components such as transformers, reactors, breakers, contactors,
switches, bus bars etc. shall be rated for at least 125% of the maximum required rating. No
electronic device shall be subjected to PIV greater than 50% of its rated value.

All the thyristors, power transistors, diodes and other electronic devices of UPS shall be protected
with high speed semiconductor fuses. 1t co-ordination between fuse and semi-conducting power
devices shall be ensured.

The outgoing circuits of ACDB shall be protected by semiconductor fuses. Each inverter shall be
designed to clear a fault in any of the branch circuits up to a minimum rating of 30% of the system
capacity without the assistance of the stabilized bypass supply. In case of any fault in branch
circuits, the load connected to the healthy circuits shall not get affected. The fault clearing time
shall be less than 4 msec.

All PCBs shall be provided with a transparent epoxy coating for environmental protection and
tropicalisation. They shall be suitably located away from heat sources. Conformal coating shall be
done for all PCB, electronic equipments as per min. Class 3C2 (Harsh environment) of 1EC
60721-3-3. Alternatively, it shall comply with ANSI/ ISA §71.04 class G3 or IEC 60068-2-60 for
mixed flow gas test or ASTM B845. Supporting documents shall be provided for the same.

All electromic control and monitoring printed circuit cards shall be installed in standardised
electronic equipment frames and shall be fitted with suitable means for easy removal. The frames
shall incorporate guides for PCB’s to facilitate correct insertion of PCB's and shall allow access to
the wiring side of the connectors. All PCBs shall be placed in a manner to avoid replacement of a
PCB by a wrong spare PCB. Monitoring points shall be provided on each of the PCB’s and the
PCB shall be firmly clamped in position so that vibration or long usage do not result in loose
contacts. Failure of each PCB shall be indicated by visual alarms. Visual fault diagnostics shall
preferably identify faults up to various sections in the card.

Forced ventilation of panel. if provided, shall be supplemented by 100% redundant fan. In normal
operation, normal & redundant fans shall run together. The power supply for the fans shall be
tapped from the inverter output. However, the rating of the UPS as specified in the data sheet shall
be the net output of UPS after deducting power consumption for fans etc. However in case of non-
operation of 50% of running fans the UPS output shall not be affected. The fans shall be arranged
to facilitate removal of faulty fan for maintenance without requiring system shutdown. All fans
shall be equipped with monitoring facilities to provide an alarm in the event of fan failure.

Maximum noise level from LIPS system at | metre distance, under rated load with all normal
cooling fans shall not exceed 75 dBA

Construction
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5.4.1 Rectifier/charger and inverter, stabilized bypass supply and static switch sections shall be suitably

54.2

543

5.4.4

54.5

54.6

housed in sheet steel panels complete with all interconnections.

UPS panels, ACDB and cell booster enclosures shall be fabricated from structural/lCRCA sheet
steel. The frames shall be fabricated by using minimum 2mm thick CRCA sheet steel while the
doors and covers shall be made from 1.6 mm thick CRCA sheet steel. Wherever, required suitable
stiffeners shall be provided.

The panels shall be free standing, fitted with suitable louvers for ventilation and cooling fans as
required. Hinged doors shall be provided at the front and back with dust tight gaskets. Inter-panel
sheet steel barriers shall be provided. The enclosure shall provide minimum IP-31 degree of
protection, if not specified otherwise in the data sheet. The maximum and minimum operating
height of the switches shall be 1800 mm and 300 mm respectively.

Power cables shall be with aluminium / copper conductors and control cables shall be with copper
conductors. All the cable connections shall be from bottom and front of the panel, if not specified
otherwise in the data sheet. A removable bolted gland plate shall be provided along with single
compression type nickel plated brass cable glands for external cable connections. Clamp type
terminals shall be used for connection of all wires up to 10 mm?. Bolted type terminals suitable for
cable lugs shall be provided for wire size above this. Tinned copper lugs for all external
connections shall be provided with the panels. Terminals shall be provided for all external
connections. Interconnection cables for cubicles located side to side shall be supplied. All
interconnecting cables, as required between UPS system and ACDB, UPS system and batteries
shall be in the scope of vendor.

Bus bars shall be used in all power circuits which are rated above 100 Amp. Copper conductors
PVC/XLPE insulated cables or wires of 660V grade shall be used for power circuits rated less
than 100 Amp. Bus bars shall be colour coded and live parts shall be shrouded to ensure complete
safety to personnel intending routine inspection by opening the panel doors. All the equipment
inside the panel and on the doors shall have suitable name plate and device tag numbers as per the
schematic diagram. All wires shall be ferruled and terminals shall be numbered.

MCCBs and load break power switches shall be mounted inside the panel. The control switches
shall be rotary type, mounted on the door and shall be externally operable. An |1W CFL lamp
controlled through a door switch shall be provided for illumination in each panel. All instruments
shall be analogue/digital, switchboard type, back connected, 72 x 72 mm. square (for Analogue
type). Analogue instruments shall be preferred. Analogue instruments’ scale shall have red mark
indicating maximum permissible operating rating. Separate test terminals shall be provided for
measuring and testing of the equipment to check the performance.

A suitably sized earth bus shall be provided at the bottom of the panels including ACDB running
through the panels line up with provision for earth connection at both ends to purchaser's main
earth grid. The minimum size of earth bus shall be 25 x 3 mm?® copper (or equivalent aluminium).
All potential free metallic parts of various equipments shall be earthed suitably to ensure safety.

All panels shall be of same height so as to form a panel line up which shall have good aesthetic
appearance. ACDB can be of different height that of UPS panels.

Inside the panels, the controls connections shall be done with 600/1000V grade PVC/XLPE
insulated wires having stranded copper conductors. 1.5 mm? size wires shall normally be used for
circuits with control fuse rating of 10 Amp. or less. For control circuit having fuse of 16 Amps,
2.5 mm? size wires shall be used. Control wiring for electronic circuits shall be through flat ribbon
cable or through copper wire minimum of 0.5 mm dia.
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54.8  All control wiring shall preferably be enclosed in plastic channels or otherwise neatly bunched
together, Each wire shall be identified at both ends by PVC ferrules. Ferruling of wires shall be as
per relevant 15.

549  All metal surfaces shall be thoroughly cleaned and de-greased to remove mill scale, rust, grease
and dirt. Fabricated structures shall be pickled and then rinsed to remove any trace of acid. The
under-surface shall be prepared by applying a coat of phosphate paint and a coat of yellow zinc
chromate primer. The under-surface shall be made free from all imperfections before undertaking
the finished coat,

5.4.10 Afier preparation of the under-surface. the panels shall be spray painted with two coats of epoxy-
based final paint or shall be powder-coated. Spray painted finished panels shall be dried in stoving
ovens in a dust-free atmosphere. Panel finish shall be free from imperfections like pinholes,
orange peels, runoff paint, etc.

55 Cell Booster

LA
Ly

Cell booster shall be suitable for charging not only the new cells before being introduced to the
battery bank but also any treatment to be given to the individual weak cells. Quantity of such
boosters shall be as defined in the MR. Cell booster shall be suitable for 240 V £ 10%, 50 Hz +
3% SPN input power supply. Cell booster output voltage shall be in the range of 0-18V and 0-12V
for Lead Acid and Nickel Cadmium batteries respectively. Cell booster current rating shall be as
under:

For Lead Acid battery = 0.14 x Ah of cell (10 hr. Rating of the cell)
For VRLA battery = 0.2 x Ah of cell (10 hr. Rating of the cell)
For Ni-Cd battery = (0.2 x Ah of cell (5 hr. Rating of the cell)

Cell booster shall have heavy duty switch fuse or MCCB on AC incomer and DC output, AC
voltmeter, DC ammeter and voltmeter, indicating lamp for AC/ DC power ON. The output voltage
and current of cell booster shall have manual control using a full wave controlled rectifier bridge.
Suitable interlock shall be provided so as to ensure that the variac/ controlled rectifier is at its
minimum position while switching on the cell booster. Cell booster shall be portable type with
wheels. Each cell booster shall be supplied with 5 m long flexible copper conductor, PVC
insulated and braided cable for AC incomer power supply and DC output connection to the
battery.

5.6 A.C. Distribution Board

Sheet steel enclosed AC distribution board shall be provided. It shall accommodate AC feeders as
indicated in the data sheet. The distribution board shall be floor mounted, fixed type with
compartmentalised construction unless otherwise indicated in the data sheet. Form of internal
separation for ACDB shall be “Form-3B™ as per IEC-61439. The switchboard shall be provided
with 2 1/Cs (one from UPS & another from Bypass supply) with adequately rated
Switch/MCCB/ACB. It shall be possible to operate the switches without opening the doors.
Switches shall be provided with door interlock. Vertical cable alley of minimum 200mm width
with suitable supports shall be provided for the termination of outgoing cables. Suitable supports
shall be provided for supporting incoming and outgoing cables. All outgoing switches shall be air
insulated load break type. Fuses on outgoing feeders shall be fast acting semiconductor type and
cable entry shall be from bottom. Isolation transformers (if required) shall be mounted inside
ACDB. HRC fuses shall be provided for isolation transformer feeders. The gland plate of the
distribution board shall be non-magnetic type where single core cables are used as specified in the
data sheet. Cable glands shall be of brass and single compression type and cable lugs shall be of
tinned copper.

5.7 Alarm, Control, Indication and Metering Requirements
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If not specified otherwise in the data sheets, following schedule shall be followed for alarm,
control, indication and annunciation. Any additional devices/features considered necessary for
reliable operation and maintenance shall also be included in various panels and same shall be
highlighted separately. An illuminated one line diagram indicating operational status shall be
provided on the front of the panel. Metering, indications, audio-visual alarm shall be provided.
Parameters’ information indicated shall be available by menu driven LCD display or by other
means directly or indirectly.

57.1 Metering

5.7.1.1 Recufier
a) Incoming line voltages (For all the three phases).
b)  Input line currents.(For all the three phases)

¢) DC voltage at each rectifier output.
d) Battery current.

5.7.1.2 Inverters
a) AC voltage at each inverter output (AC voltages for 3 phase inverter)
by AC current at each inverter output (AC currents for 3 phase inverter)

¢) Frequency meter at each inverter output
5.7.1.3 Stabilised bypass supply

a) Frequency meter for incoming supply.
b) Voltmeter with selector switch for incoming supply.

c) Ammeter with selector switch for incoming supply.
5.7.1.4 ACDB
Following shall be provided for each of the ACDB incomers:
a)  Voltmeter (voltmeter selector switch shall also be provided for 3 phase inverter).
b) Ammeter (ammeter selector switch shall also be provided for 3 phase inverter).
c¢)  Power factor meter
5.7.2  Indications
All indicating lamps shall be LED type. LEDs provided for indication shall be cluster type with
adequate brightness and minimum 2Nos LEDs chips per light. LEDs shall be connected in parallel

and each LED chip having diameter not less than 3mm. LEDs shall be provided for following:-

5.7.2.1 a) AC mains "ON' - Rectifier.
b)  AC mains "ON' - Bypass.

L
-l
P
[ )

Rectifiers (for each rectifier)

a) Rectifier output "ON'
b) Battery on float charge
¢)  Battery on rapid charge

3.7.2.3 Inverters (for each inverter)

a) DC input "ON'
b) Load on inverter,
¢)  Inverter synchronised with mains.
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5.7.2.4 Load on bypass.

5.7.5

Ln
i
=]

5.8.1

L]
==
bd

iput/output voltages, currents, frequency as a minimum under the following conditj

Audio-Visual Alarm (separately for each circuit)

a) Mains failure

b)  Battery charger failure

c) Battery fault

d) Inverter temperature high
e)  Low voltage from inverter
f)  Load on bypass

g)  Inverter overloaded

h)  All power Fuse failures

i) DC earth fault

Two nos changeover contacts shall be wired to the terminal strip, | no for common remote alarm
of "LUPS fault’ in owner's panel and | no for "load on bypass supply’ annunciation.

UPS shall also be provided with provision to hook up all indication and audio visual alarm, as
specified in clause no.: 5.7.2 and 5.7.3 above, with owner's PC through RS232/R5485 / fibre optic
port through serial interface.

Controls

a)  All the switches for starting, shut down and testing sequence,

b} Primary input circuit breakers for feeding chargers, bypass line and DC bus from battery
including backup protection.

¢} Inverter ON/OFF switch (to initiate inverter operation )
d)  Static switch transfer test Push Button.

Reliability

All necessary care shall be taken in selection, design, manufacture, testing and commissioning of
the equipment for ensuring high system reliability. Following design consideration shall be taken
into account to ensure maximum availability of the system.

There shall be no common device, between main and redundant units (e.g. master oscillators etc.)
in order to ensure that the failure of the same does not cause shutdown of more than one unit.

It shall be possible to take out any individual power circuit for maintenance without affecting the
total LIPS supply.

Series-parallel combination of smaller devices to achieve required rating shall not be acceptable.

Vendors shall offer their nearest higher standard size that will meet the requirement of the
specified UPS rating.

Fault Diagnostic Unit

If specified in the data sheet, each UPS set shall have provision for adding microprocessor based
"ON ling' fault diagnostic unit. This shall supervise the UPS operation continuously, It shall
identify and locate faults immediately so that corrective action can be taken. Fault Diagnostic unit
shall be compatible to hook up with owner's PC through RS232/RS485 interface. The software
shall be provided on a CD ROM,

The fault diagnostic unit shall have provision for automatic print out facilities for time,
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6.0

6.1

6.2

7.0

8.0

- UPS power source changeover from mains to battery.

- UPS power source changeover from battery to mains.

- Changeover from inverter to stabilized bypass supply and vice versa.

- Changeover from one inverter to other inverter.

- Changeover time in case of inverter to stabilized bypass supply and from one inverter to other
inverter.
UPS failure.

- Type of failure incident along with diagnostic report.

In addition to the above, any other feature which vendor feels may be useful shall be provided and
highlighted separately.

If any Additional equipment (e.g. bin connector, adaptor cards etc.) are required for connecting
this unit with UPS system as well as with owner's PC, the same are also to be included in the
vendor's scope.

INSPECTION, TESTING AND ACCEPTANCE

During fabrication, the equipment shall be subjected to inspection by EIL / Owner or by an
agency authorised by the Owner. Manufacturer shall furnish all necessary information concerning
the supply to EIL/ Owner's inspector. Tests shall be carried out at manufacturer's works under his
care and expense.

For testing requirement, Inspection and test plan for uninterrupted power supply system (6-81-
1017) shall be followed.

SITE ACCEPTANCE TESTS

Vendor shall furnish Site Acceptance Tests procedure to be followed. Final acceptance testing
along with the batteries shall be done at site. It shall be Vendor's responsibility to arrange
necessary instruments and tools as required by their commissioning engineer for these tests.

PACKING AND DESPATCH

All the equipment shall be divided in to several shipping sections for protection and ease of
handling during transportation .The equipment shall be properly packed for transportation by
ship/rail or trailer. The equipment shall be wrapped in polyethylene sheets before being placed in
wooden crates /cases to prevent damage to the finish. Crates /cases shall have skid bottoms for
handling. Special notations such as Fragile’, “This side up’, * centre of gravity’, “weight’,
*Owner’s particulars’, ‘PO nos.” etc. shall be clearly marked on the package together with other
details as per purchase order. The equipment may be stored outdoors for long periods before
installation. The packing shall be completely suitable for outdoor storage in areas with heavy rains
and high ambient temperature unless otherwise agreed. In order to prevent movement of
equipment/ components within the crates, proper packing supports shall be provided. A set of
instruction manuals for erection, testing and commissioning, a set of operation and maintenance
manuals and a set of final drawings shall be supplied along with the shipment duly enclosed in a
waterproof cover.
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Abbreviations:
A : Ampere kA : kile Amperes
AC ; Alternating Current kVA kile Volt Ampere
ACB Air Circuit Breaker kW : kile Watt
ASB . Auxaliary Service Board LB Lighting DHstribution Board
BIS : Bureaw of Indian Standard LED Light Emitting Ciode
CEA Central Electricity Authority LOTO Lock Out Tag Out
CPR1 Central Power Research LV : Low Voltage
Institute mA  :  milli Ampere
CRCA Cold Rolled Cold Annealed MOEB - Miniature Circuit Breaker
eT -' Current Transformer MCC Motor Control Center
BC " Direct Current MCCB : bMoulded Case Circnit Breaker
EIL Engineers India Limited NE Normally Closed
EPDM : Ethylene Propvlene Diene NO Normally Open
Monomer
FRLS Flamme Retardant Low Smoke PCC Power Control Center
HDPE : High Density Poly Ethylene PMCC Power com Motor Control Center
HRC High Rupture Capacity PT : Potential Transformer
IEC International Electrotechnical bve Poly Viny! Chloride
Comimission R-C Resistor-Capacitor
I : [ngress Protection 5WG Standard Wire Gauge
IS : Indian Standard v : Vol
Ics : Rated service short ¢ircuit current VA : Vaolt Ampere
Teu Rated ultimate short ¢ircuit current  XLPE - Cross Linked Poly Ethylene

Iow : Rated short time withstand current
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1.0 SCOPE
1.1 This specification covers the requirements of design, manufacture, testing, packing and supply
of fixed and draw out type medium voltage switchboards.
2.0 CODES AND STANDARDS
2.1 The cquipment shatl comply with the requirements of the latest revision of the following
standards issued by BIS unless otherwise speeilicd.
15: 1248 : Mirect Acting Indicating Anatogue Flectrical Measuring [nstruments
and their Accessories.
15 2705, Part | ; Current transformers - General requirements
I5; 2824 : Method for determining the proot and the comparative tracking
indices of sofid insulating materials.
153618 : I*hosphate treatment of iron and steel for protection against corrosion.
IS ; 5082 : Wrought aluminum and atuminwmn alloy bars, rods, lubes and sections
for electrical purposes.
IS 3578 : Guide for marking of insulaled conductor.
IS 11353 : Guide for unilorm system marking and identification of conductors
and apparatus terminals.
IS ; 13705 : Low voltage fuses [or voltges not exceeding 1000V AC or 150V
nC.
15 16227
PEC: 61868 Instrument transformers,
IS/IEC: 60255 Measuring Relays and Prowetion Equipment,
IS/[EC: 60269 : Low voltage fuses.
IS/FC: 60529 Degree of protection provided by enclosures ([P Code).
ISFIEC: 60047 LY Switchgear and control gear.,
ISAEC: 61439 Low voltage switchgear and control gear assemblies.
[T Gla4] : Fnelosed low-voltage switchgear and control gear assemblies - Guide

for wating under conditions of arcing due to internal faull,

2.2 In case of mported equipments, standards of the country of origin shall be applicable it these
standards arc equivalent or stringent than the applicable Indian standards.

23 The equipment shall alse conform to the pomvisions of CEA Regulations with  latest
amendments and other statulory regulations currently in foree in the country.,

1.4 In case Indian standards are not available for any equipment, standards issued by 1EC or
equivalent agency shall be applicable.

2.5 In case of any contradiction between various referred standards/speciNneations/dala sheet and
slatulory regulations, the most stringent requirement shall govern and decision of owner/EIL
in this regard shall be finat & binding.

3.0 GENERAL REQUIREMENTS

3l The offered equipment shall be brand new with state of art technology and proven fieid mack
record. No prototype equipment shall be offered.

32 Vendor shall ensure availability of spare parts and maintcnance support services [or the
oflered equipment at lcast for 10 years from the date of suppiy.

33 Vindor shall give a notice of at ieast one vear to the end user of cquipment and EIL before
phasing out the product/spares to enable the end vser for placement of order for spares and
services.
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4.0 SITE CONDITHONS

4.1 The switchboards shall be suitable for installation and satisfactory opemation in an air-
conditioned/pressurised substation or in 2 covered shed/enclosed clectrical room {e-room) or
in 2 substation with restricted natural air ventilation in a tropieal, humid and corrosive
atmospherc,

4.2 The switchboards shall be designed o operate under specilled site conditions. 1f' not
specifically mentioned, a design ambient temperature of 40° C and altitude not excceding
1000 metres above mean sea level shall be considered.

4.3 All the cquipment deseribed in this specification shall be suitable for continuous duty with the
speciticd ratings under the mentioned ambient conditions unless indicated otherwise,

340 DESIGN AND FABRICATION REQUIREMENTS

5.1 Medium voltage swilchboard shall be metal enclosed fully draw oul or fixed, as specified in
datasheet! job specification, free standing, Noor mounting, compartmentalised, modular type
suitable for indoor mstallation. Draw out type switchboards shall be with form of internal
scparation "Form-4b" whereas Fixed type swilchboards shall be with form of internal
separation minimum "Form-3b" as per IS/IEC 61439 unless otherwise specificd clsewhere,
The switchboard shall be a type tested assembly (TTA) as per [EC 61439

5.2 The switchboard enclosure shall be dust and vermin proof and shall provide a degree of
protection not less than [P-4] as per IS/TEC 60529.

3.3 The switchboard shall be assembled out of vertical panels of uniform height, not exceeding
2450 mm in a single Tine up.

5.4 It shall b possible to extend the switchboard, in either dircction at 4 later date. End of bus
bars shall be suitably drilled for this purpose. Pancls at extreme end shall have openings,
which shall b¢ covered with plates screwed to the panel.

3.5 The switchboard shall be designed to ensure maximum safety during operation, inspection,
conngetion of cables, relocation of outgoing circuits and maintenance, with the bus bar system
energised and without taking any special precantions,

5.6 Adequate mcans shall be provided to prevent shorting of power and / or control terminals due
lo accidental dropping of maintenance tools ete. inside the swilchboard. Checking and
removal of components shall be possible without disturbing adjacent equipment! modules/
fecders.

5.7 All identical equipments and corresponding parts shall be fully interchangeatble.

58 The frame, of mdividual vertical pancls shall be fabricated using pressed and cold rolled sheet
steel, The sheet stecl used for panel shall be of minimum 2 mm (145WG) CRCA except the
doors and covers that may be made of 1.6 mm (165WG) CRCA.  Wherever required,
stiffeners shall be provided to increase mechanical strength of large size doors and covers,

As an allernative 1o CRCA, Aluzing' pre-galvanised sheet steel can also be provided for
internal inter-pancl partitions only as per vendor’s standard manufacturing practices.
However, all extemal surlaces shall be of CRCA with specilied paint shade.

59 The switchboard shall be provided with integral base Frame for each verteal panel. The
switchboard integral base frame shall be sultable for tack welding,

510  All openings, covers and doors shall be provided with gaskets of Neoprene HDPE/EPDM ar
cquivalent around the perimeter to make the switchboard dust and vermin proof.

511 All hardware shall be corrosion resistant. All joints and connections of the panel members
shall be made of galvanized or zinc passivated or chromium plated high quality steel bolts,
nuts and washers, secured against loosening.

5.2  Suitable removable type eyebolts’ lifting hooks shall be provided for lifting of the
panclishipping scetion. These cyebolts! lifling hooks, when removed shall not leave any

opening in the pangls.
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513  Non-magnetic cable gland plates (min. 3 mm thick) shall be provided for termination of sinple
core cables.

514  The switchhoard shall be formed using distinct vertical panels each comprising of the
following compartments.

3141 A metal enclosed honzontal bus bar compartment running at the lop or rear, unless otherwise
specified.

5.04.2 Individual feeder modules in multitier mode.

5.14.3  Vertical bus bars serving all feeder modules in the vertical panel.

5.14.4  Cahle termination compartment.

5.14.5 Derforated sheet steel / insulating material enclosed. horizontal auxiliary bus bars for control,
interlock, indication and metering running horzontally,

515  Metal sheets shall be provided between two adjacent vertical pancls rurining upte the full
useful height of the switchbwoard.

516 MCC/ MCC part of PMCC shall be of single/double front execulion as specified in data
sheet/joh specification. However circuit breaker panels shall be in single front exceution only.

517 Motor starter and MOCB/switch fuse modules shall not be accommodated at front and rear of
ACB Incomer and bus coupler panels.

518 The MCC/ASB/LDB switchboards shall be provided with castle-key interlock between
incomers and bus-—coupler swiltches for manual changeover of supplies unless otherwisc
specified clsewhere,

519  All metering and protection equipment associated with a particular circmit, as specified in data
sheet, shall be housed in separate and independent compartment earmarked for that particular
circuit and in the tixed portion of the vertical panel in case of breaker panels.

520  All auxiliary devices for control, reset, indication, measurement and protection such as push
buttons, control and selector switches, mdicating lamps, measuring instruments and protective
relays shall be mounted on the front side of the respective compartment. The design shall be
such that all power ON / OFF or START / STOP and relay reset operations shall be pedfonned
without opening the pane! door.

521 Unless otherwizse specified elsewhere, the switchboard assembly and components shall be
suitable for use in pollution degree 3 environment as per IS/EC.

522  In open doors condition of compartment, all live parts or terminals of all door-mounted,
internal compoenents and bus contact openings shall be IP-2X protected.

523 LOTO arrangement

5.23.1 Pad locking arrangement shall be provided for rack in operation of breaker as well as for the
panel door meeting 1.OTO requirements.

5.23.2 LOTO arrangement shall be provided be provided for each module of draw-out switchboard
BCC/PMCO/MOC ete. and shall include provision for the following:

a) Provision for hooking lockout devices by multiple lock arrangement 1o provent opening
of panel door and racking-in of circuit breaker.

by Provision for ataching tag-omt device for waming against ehergisation and to provide
information regarding date of isolation, agency working on the equipment, etc.

¢} Provision for Hasp such that the same shall be put-in and closed in the locking
arrangement of the breaker/switch and panel door,

524  The panel shall be internal arc tested as per IEC 61641 requirements for full short circuit
cerrent for a duration of .1 second {minimum) unless specified otherwise in job specification/
datasheet and shal] be qualified to comply with all the 7 criteria as per [EC 61641, However
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where the circuit is protected by a current limiting device, ther duration shall be 0.2 second
{minimum} as per [EC 61641,

525 The Depth of MCC/ASB/LDB pancls in double front execution shall be preferably limited to
1000 mm and in no case depth shall exceed 1200 mm,

526  For switchboards rated upto and including 5000A, forced cooling for any of the equipments
and components i.¢. bus bars, circuit breakers etc. shatl not be provided.

527 The switchboard shall be supplied complete with supports for clamping outgoing and
incoming cahles,

528  The Bus PT shall be provided in the respective bus section of switchboard.

529  All breakers! ioad break switches of incomers and bus coupler(s) shail be with 4 poles uniess
otherwise specified elsewherc.

530 Space Heaters & Panel Ilumination

The switchboard panels shall be provided with space heaters to prevent moisture
condensation. The space heater shatl he located in the bottom part of each panel and shail be
supplied from 240 ¥V AC auxiliary boses for space heater. The space heater shall be provided
with a switch, fuse or double pole MCB and thermostat having adjustable setting range of 30-
70° C. Further, one number 240V AC, 6/16A, 5 Pin sockel for owner’s use shall be provided
inside panels. The panels shall be provided with LED light of required wattage with switch
and fiis¢ or MCR,

531 Auoxiliary Bus Bars

5.31.1  Auxiliary bus bars (solid - rectangular or cireular). each of minimum size 16-mm® copper,
shait be provided for the following applications.

) Panel space heater supply and motor space heater supply.

b) AC Controd supply.

¢) [ Control supply.

d) AC PT supply tor enerey meters, vollage operated relays lc.

531.2 Tee-off connectors shail be used for distribuling auxiliary supply 10 each vertical panel.
Rubber grommets shall be uscd for afl wire entries (o make the entries dust and vermin proof.

5313 Provision for hook up of external AC space heater/ DC control supply to be provided either in
bus PT panel or bus coupler panel.

532 Bus Bar

5321 Bus bars shail be of high conductivity electrolytic aluminium or copper supperted on
insuiators made ol non-hygroscopic, non-inflammable material with tracking index equal to ot
mare than that defined in Indian standards.

5.32.2 The main bus bars shatl have uniform current ratings throughout their length as specified in
data sheet/job specification. The current rating of the neutrzal shall be half that of the phase bus
bars. Removable neutral iinks shall be provided on leeders to permil isolation of the neutral
bus bar, The ncutral bus bar shall be provided alongside of the phasc bus bars,

5.32.3 Both horizontal and vertical bus bars, bus joinls, risers, connecting bus bar links/ terminals to
cquipment and supports shall be capable of withstanding dynamic and thermal stresses of the
specified short circuit currents.

5324 Oniy zinc passivated or chromiom plated high tensiie strength steel bolts, nuts and washers
shail be used for all bus bar joints and supports.

5325 The hot spot temperature of bus bars, conductors, including joints. al design ambient
temperature shall not execed 95° C under normal operating conditions. However, for silver
plated joints, the allowable maximum temperature shall be 115°C.

Foemal No. 8-00-0001-F1 Rev. O Copyright EiL — All rights reservwed
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5.32.6 The current rating as detingd for switchboard, bus bar and components in data sheet/enquiry
dacument are for desipn ambient temperature at site conditions and for being inside the panel/
cubicle at fully loaded condition. The vendor shall suitably derale the nominal rating to suit
the above condition considering ambient lemperaiure inside panel/ cubicle.

5.32.7 All bus bars shall be insulated with heat shrunk PVC stecves of [100 V grade. Red, yellow and
blug colour shall be used for phase bus bars and black colour shall be used for neutral bus
bars. Allcrnatively, colour bands at suilable intervals along PVC sleeved bus bars may be
provided. The sleeves shall be rated 10 withstand the system line-to-linc vohage for | minute.
Removable iype shrouds shall be provided for joinis & tap off points.

5.32.8 Minimum clearance between live parts, between live parts/neutral to earth shall be |9 mm.
However clearances between ierminals st components shall be as per applicable individual
standards for Fespective components,

5329 Vertical bus bars for circuit bresker panels shall be sized depending upon the rating and
number of breakers per vertical pancl. However vertical bus bars of all other panels shall be of
uniform cross section,

£.33  Wiring and Terminals

5.33.1 Inside the switchboards, the wiring for power, control, signalting protection and instrument
circuits shall be dome with BIS approved TRLS, PVU/XLPE insulated copper conductor wires
having 660/ 1100 V grade insulation. The wiring shall prefcrably be enclosed in flame retardam
plastic channels or neatly bunched logether.

5.33.2 PVC(/ XLPE insulated copper conductor of cross section 1.5 mm® may normally be used
provided the control fuse rating is 10 A or less. Tor higher fuse ratings minimum 2.3 mm"
copper conductor shall be used. Fach wire shall be terminated at a separate terminal. 1
cireuil wiring shall be done with 2.5mm’ copper conductor.

5333 Shorting links/suitable arrangement for shorting C'T secondary shall be provided.
5.33.4 FEach wire shall be identified at bolh ends by PV C ferrules.

5.33.5 Inter panel wiring within each shipping section shall be switchboard vendor’s responsibility.
For wiring between shipping sections, vendor shall provide terminal blocks on adjoining
shipping sections and supply suilable jumpering wires. Inter-panel wiring shall be taken
thorough PV C sleeves or rubber grommets.

5.33.6 A minimum of (0% spare terminals shall be provided on each terminal block.

5.33.7 Conductors shall be terminated with adequately sized compression-type lugs for connection to
equipment erminals and strips. Stranded conductors shall be soldered ar the ends’ crimped
with suitable lugs before conneetions are made to the terminals. Sufficient lerminals shall be
provided on each ierminal block to ensure that not more than one outgoing wire is connected
per terminal.

5.33.8 Tocrminal strips shall preferably bec separated from power circuils by metal barriers or
enclosures. All spare input and output contacts of numerical relays, auxiliary relays,
contactors, timers, etc shall be wired up to the terminal stripsflock (ensuring that two
terminals are provided for each contact).

534  Earthing

5.34.1 All panels shall be connected to a tinned copper earth bus bar running throughout 1he length of
the switchbeard al the boltom of the panels.

5.34.2 The minimum earth bus size shall be 30x6 mm® copper for Fault Ievel up to 31.5kA and 50x6
mm’ copper for fault level above 31.5kA.

5.34.3 All doors and movable parts shall be earthed, using flexible copper connections, to the fixed
frame of the switchboard. Provision shall be made at the end panels of each swilchboard (o
connect the earthing bus bar to the plant earthing grid at two ends.
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5344 All non-current carrying metallic parts of the mounted equipment shall be earthed. Minimum 4
nos. 10 mm diameter bolts with nuts shall be provided on the earth bus for termination of
fourih core of cable per vertical panel.

535 Namepiate

3.35.1 A nameplate with the switchboard designation shall be fixed at the top of the central panel. A
separate nameplate gving details for each feeder compartment of all panels shall be provided.
Danger nameplate shall be provided at the front and rear of each panel.

5.35.2 The nameplates for fecder compariments shall be in two parts. One part shall have necessary
details pertaining to the comparments number of vertical panel of the swilchboards. The other
parts shall bc removable and shall contain all details regarding the fecder number for
drives/equipment controfled by the pariicular module as per approved single line diagram.

3353 Blank nameplates shall be provided for all spare and vacant modules.

5354 Nameplate or polyvester adhesive stickers shell be provided for each equipment mounted inzide
the switchboard. Special warning plates shall be provided on removable covers or doors giving
access Lo cable terminals end bus bars.

5355 Special warning labels shall be provided inside the Switchh;:-ards also, wherever considered
nceessary. Identification lags shall be provided inside the panels matching with those shown
on the circuit dizgram,

5356 Engraved nameplates shall preferably be of 3- ply (Black-White- Black) lamicoid sheets or
anodised aluminium or traffolvte. However back engraved perspex sheet nameplates may also
be accepiable. Nameplates shall be lastened by screws and not by adhesives.

536 Iainting

5.36.1 After preparation of the under surface, the panel shall be spray painted with two coats of
epoxy based final paint or shall be powder coated. The colour shade of final paint shall be as
RAL-7032, unless specified otherwise, Panel finish shafl be free from imperfections fike
pinholes, orange peels, runoff paint, etc.

5.36.2 Al! unpeinted steel parts shall be zinc passivated, chromium plated or suitably treated to
prevent rust and corrosion. If these parts are moving elements, then these shall be greased.

6.0 SPECIFIC REQUIREMENTS (OF AIR CIRCUIT BREAKER PANELS
6.1 The breaker panels shall have distinct bus bar, breaker and cable compartments.

6.2 The design of each compartment shall be such as to prevent movement of vermin from &
particular compariment to any other compartment of the panel when the breaker is withdrawn
and compartment door is closed,

6.3 In order to minimise accidental access and avoid asccidents due to falling tools, all the
outgoing links shall be shrouded.

6.4 Cutgoing air circuit breaker can be mounted in a meximum of two-tier execution while the
incoming/bus coupler air circuit breaker shall be tn single Lier execution only,

6.5 Cable Compartment

8.5.1 Separale compartment, tolally enclosed from all sides, shall be provided for cable termination,
on the reacfront side. Access 1o cables shall be Irom the rear/ront side after opening the
cabling compartmment cover.

6.5.2  The incoming / outgoing cable termination shall be staggered for cach circuit and barriers of
sheet steel or insulating material shafl be provided between termminations of two circuits such
that maintenance on one circuit could be carried out while the other circuit is live. Suitable
¢lamping arrangements shall be provided for cables and cable termination. Terminal blocks
shall nut be used for supporting the cables.
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6.5.3 The incoming supply for PCC/ PMCC panels shall be through top entry bus duets or through
hottom entry cehles unless specified otherwise. The outgoing cables shall have bottom entry
unless specified otherwise.

6.54 The cable terminations shall be suitably sized for receiving specified number of cables per
termination and provision shall be made for terminating each outgoing cable with & separate
holted connection. In case the total nomber of cables entering a particular pansl cannot be
accotmaodated in the cabling compartment of the panel, an extension panel of full height shall
be added to the cabling compartment for accommaodating extra cables. Alternatively, in view
of extra cables, provision for back to back connections of cables may be offered.

6.6 Circuit Breaker Compariment

6.6.1  The circuil breaker compariment shall be fully draw-out. Suilable guides shall be provided 1o
facilitate easy withdrawal of the circuit breaker.

6.62 ‘FThe current transformers for the ammeter/protection circuits shall be mounted on the fixed
portion of the compariment. However, current transformers associated with built-in releases
may be mounted on the breaker trolley.

6.6.3 All terminals except wiping/sliding type control terminals shall be shrouded with plastic
covers to prevent accidemal conlact. For dirset lertmination, clip-on shrooded (ype terminals
shall be provided.

6.6.4 FThere shall be three positions for the draw out trolley viz:

- "Bervice" position - In this position both power and control circuits shall be connected.
This shall be the normal operating position of the eireuit breaker,

- "Test" position - The power contacts shall he disconnected in this position but the
conirol connections shall not be disturbed, testing provision for the entire control
circuitry shall be available in test mode incloding close and frip of breakers.

- "Drawout™ Position - both power and control circuits shall be disconnected in this
position and breaker removed from the cobicle.

6.6.5 The circuit breaker shall be lnckable in "service™ and "test" positions. Safery shutters shall be
provided when the breaker is in withdrawn/drawout position,

6.6.6 The carth connection must remain connected in "Test™ position, Earthing of the unit shall be
done with & "pin® or with scrapping earth connections.

6.6.7 The earth connection shall make before the main power / control contacts make and break
afler the power /control contacts are disconnected. Earlhing connection through a plug and
socket comnection shall not be acceptable

0.7 Interocks
Following interlocks shall be provided:

6.7.1  Compartment doors shall be interlocked against opening when breaker is in closed condition.
However, it shall be possible to defeat this interlock for inspection purposes.

6.72 It shall not he possible (o push "in" a drawn ot circuit breaker in closed condition or
withdraw & circuit bregker in closed condition.

6.7.3 It shall be possible to operate a circuit breaker only in the defined "Full in" or "service™ and
“lest' position inside the panel. Tt shall not be possible to operate the breaker m intermediate
positions while inserting or withdrawing circuit breaker.

6.8 Any unosed circuit breaker compartment shall be fully equipped and provided with
compartment door, vertical bus bars rated for breaker ratings envisaged in the vertical panel
and control terminals/ wiring etc. such that the same conld he used for housing outgoing
breakers in fulure without any modifications 1o the panel.
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70 SPECIFIC REQUIREMENTS OF FEEDERS OTHER THAN ACB FEEDERS

7.1 The design of drawoul feeder modules shall not change lor single front or double front
execution. Separate vertical bus bars shall be provided for each front side modules.

7.2 All identical fecder modules shall be interchangeable,

7.3 Each vertical pancl shall have a separale cable alley. The width of this cable alley shall be
sufficient to accommodate all the cables and shall have frec access for cable (erminations and
in any case shall not be less than 250 nun minimum. The cable alley width more than 250 mm
shall be provided in case of requirement of termination of large number of outgoing cahles as
required. Cable alleys shall be provided with suitable doors.

T4 Sheet steel barricr shall be provided between individual compartments and cable alley. This
barrier shall be provided with opening for power and control connections and it shall he
possible to safely carryout mainlenance work on cahle connections to any one circoit in the
cabfe alley with the bos bars and the adjacent circuits live.

7.5 Maintenance and connection of cables to any madules shall be possible without having (o take
oul the modules from its position from the panel.

7.0 The cutgoing feeder trolleys for drawout type switchboard shall be fully drawout and shall
have the fillowing features,

T.6.1 It shall be possible io withdraw the trolley without having to unbolt or unscrew any power and
contrel connections to the cquipment movnled on the withdrawable trolley.

762 Both power and control connections shall be drawoul type. All line and bus FTs shall be in
drawout execution only. Howcver, outgoing modules having size more than half of the usefut
vertical height of the panel may be in mixed combination of drawout /fixed type.

7.6.3  Control supply transformer modules may be provided in fixed execution.

764  The trolley withdrawal shall be by means of ¢rank and screw arrangemcnt. Altcrnatively
movemenl on guided rollers or swivelling puide levers for sell puided movement may also be
acceptable. Plug in operation shall be independent of manwal force. An insulating handle for
racking in/ out modules shall be provided, as required.

7.6.5 For drawoul type feedsrs of size equal to or greater than half the nseful vertical height of
pancl, positive clamping arrangement shall be provided on the top portion of the trolley in
addition to clamping arrangement at (he botlom, to ensure all round positive pressure on the
power drawout contacts once the trolley is plugged in. Alternatively fixed execution can be
accepted for feeder with higher rating, equal to or greater than 400A in case of vendor’s
standard design, subjcet 1o Owner’s approval.

76.6  Power drawout contacls shall poeferably be located towards the bottorm portion of cach trolley.
The trolley shall be lockable in fully plugged in position and devices shall be provided to
ensure positive plugging in. In test position, power contacts shall be totally isolated and a
device shall be provided lor indication of test positdon. In 1est posilion, lesling provision for
the cntire control circuitey shall be available.

7.7 The incomer and bus tie focdoers with load break switches rated 800A and above may be in
fixed execution

7.8 Various compartment sizes in a vertical panel shall be multiples of a basic dimension.
However the minimum module size for switch fuseCCB feeder and moilor starter/contacior
fecder shall not be less than that defined in data sheet/job specification, Vertical bus bars shall
be pre-drilled at regnlar intervals for complete flexibility for changes in size of modules.

7.9 All switch drives other than rotary control switches, shall be lockable in "OFF position.

7.10  The switches/Moulded case circuit breakers shall be interfocked with the compartment door to
prevent opening of the door when the switch/ moulded case circuit breaker is in 'ON' position
and Lo prevent swilching on when the door is open. A defeat mechanism for this interlock shall
also be provided.
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T.11  The maximum height of the operating handle and switches shall not exceed 1900 mm and the
minimum height shall not be below 250 mm,

7.12  Unused medules in the panel shall be fully equipped with hinged door & vertical bus bars and
shall be suitable for mounting power and control terminals foc starter modules and cradle for
future use.

7.13  The power contactor in starter! [ceder modules of PMCC! MCC shall be provided with R-C
circuit across the AC supply coniacior coil and surge suppressor! diode in case of DC supply
contactor coil. Further, low burden auxiltaty contactors shall be provided in each contacior
controlled motor starter modules for receiving start and stop command from remote.

LR SWITCHGEAR MODULES

8.1 Switchboard shall be completely lined up in one straight row with the type and quantities of
feeders as defined in switchboard data sheet. Generally the feeders of three main caiegories
are identified as cireuit breaker, motor starters and MCCB or switch fuse.

82 Starter modules required for motor controd shall be of the following types and internal conirol
wiring of all starter modules of each type shall be identical [or all ratings.

821 F¥NR Full Voltage Non -Reversing starter with minimum 18 contrel terminals.
822 FVR Full Voltage Reversing starter with minimum 24 control terminals.

823 FWVNR-HD Tull Voltage Non -Reversing Heavy Duty starier with long starting time such
as for compressors and lans ete, with minimum 18 contrel terminals.

83 Switch fuse/MCCB fcontactor leeder modules shall be of following types and internal control
wiring of all modules of each tvpe shall be identical for all ratings.

831 SFU/MCCBE Switch Fuse Unit or MCCB modules with no control terminals.
.32 SFC/MCCB~C Switch Fuse Comactor or MCCB with comactor modules with 18 conirol
terminals.

8.4 Control transformer shall be provided for each FYRFYNR/SFC  starter MCUB+C
starter/feeder medules or bus section of the PMCC/MCC swiichboard having contactor
control leeders as specified in the datashestfjob specification or elsewhere. Each control
transformer of starter/feeder module shall be sized for taking control supply load of all
componenis of starter module. In case control transformer is provided in bus section, same
shall be sized for control supply Ioad of entire switchboard. Switchboard having two bus
sections and coupled by bus tie shall have manual changeover switch for the control
transformers. The control transformer shall have at least 0% spare capacity. The contral
transformer sccondary shall be sarthed at one end.

3.5 To facilitaie site modification due to changes in motor KW ratings and to minimise spares
inventory, overload relays and power fuse links shall meet the following requiremenis.

8.5.1  All bimetal overload relays shall be separaiely mounied type with conneciing links rated [or
the maximum rating of the contactor in a starter module.

8.5.2 Bimeial overload relays of various current ranges required for motors likely to be connected to
a contactor must be identical in dimension for inter-changeability. In case offered celays are
with ditferent dimensien for any particular starter module, special mounting plaie suitable for
mounting different relays shall be provided in all the modules ol that size.

B.6 Heavy duty siarters shall be provided with saturable type, current trapsformer operated;
overload relays only, which shall be suitable for motor starting time of 15-60 seconds.

8.7 All contactor controlled starter leeders shall meet the requirements of type-2 co-ordination as
per [S/ARC: 60947, However, contacior controlled motor [eeders shall meet the reguirementis
of type-2 co-ordination as per 15/EC: 60947 considering energy ellicient motors of TE-3 type,
unless otherwise specified elsewhere,
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2.0 SWITCHBOARD COMPONENTS
1 Cirenit Breakers

9.1.1 Circuit breakers shall be air break, draw-oul type and 3/4 poles as specificd in the
datasheet/job specifications and in this specification above. Circuit breaker shall be suitable
for Ies=lcu=lcw=100% for 1sec.

9.1.2  The circuit breakers shall be provided with mechanically operated emergency tripping device.
This device shall be available on the front of the panel. Mochanically operated “closing” device
shall be provided for all breakers. llowever mechanical closing shall be inhibited for all
breakers in service position.

913 The circvit breakers shall be provided with minimum 4 NO + 4 NC contacts, wired and
available for owner's usc, In case contacts are directly not available in breaker, auxiliary
latching type relays shall be used to multiply the avxiliary contacts of the breakers,

9.1.4  Circuit breaker’s Open and closed positions; Serviee and test locations and spring charged
condilion shall also be indicated mechanically in addition to electrical indications.

9.1.5 Unless otherwise specified, all circuit breakers in the switchboard shall be provided with
eleetrical power operating mechanism. Wherever circuit breakers are provided in place of
Izolators, Breaker can be manually operated type.

9.1.6  Operating Mechanism

a} Electric power oporating mechanism shall be motor wound spring charped stored
energy type. However, manuyal-operating mechanism may be of the spring charging
stored energy type or spring assisted 1ype. For circuit breakers with electrical power
opcrating mechanism, provision shall alse be made for manval spring charging.
Closing time of circeit breakers with manual operating mechanism  shall be
independeni of the speed of the operating handle.

b} All stored enerey operating mechanisms shall be eguipped with the [bllowing
features:

i) Failure of springs, vibrations or shocks shall not cause unintended operation of
breaker or prevent intended tripping operation,

i) Closing of circuit breakers shall be prevented unless the spring is fully charged.

) All electrical power operating mechanisms shall be suitable for remole operation and
shall be equipped with the following features:

i) Provided with universal motor aperable on AC or DC control supplies.

ii) Provided with emcrgency manual charging facility. The motor shall be
automatically, decoupled (mechanically) once the manual-charging handle is
inserted.

i} Closing operation of circuit breaker shall automatically initiate charging of the
spring [or the next closing operation withowt waiting for tripping of circuit
breaker.

iv} Closing operation shall be completed once the closing impulse is given and the
first device in the control scheme has responded even though the control switch /
Push Button is released, provided no counter trip impulse is present.

9.1.7 Circuit breaker trip and closing coils, in case of electrically operated breakers and trip coil in
case of mechanically operated breakers and circuit breaker indication shall be suitable for
satisfactory operation on a control supply system indicated in dala shecls/job specification.

9.1.&8  Circuit breakers shall be provided with antl-pumping and irip free featore.

9.19  Circuit breakers shall be provided with operation counters.
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9.1.10 Releases are not required to be 'provided with breakers where relays are used. NHowever
breaker-having AC control supply voltage shall be provided with under voltage release unless
specified vlherwise,

9.3 Switches

921 All switches or fuse switches shall be load break, heavy duty/motor duty, air break type
provided with quick make/break manual operating mechanism, The operating handle shall be
mounted on the door of the compartment having the switch.

92.2 Rating of switches for starter module shall meet the requirements of AC-23 duty as per IS/
IFC 60947 and minimum rating shall be as specified in job specification/data sheets.

0.3 Fuses
031 Fuses shall be non-deteriorating HRC cartridge link type.

6.32  Power fuses shall be pressure fitted type and shall preferably have ribs on the contact blades to
ensure good line contact.

9,33 Tt shall be possible to handle fuses during off load conditivns with full voltage available on the
terminals. Wherever required fuse pullers shall be provided. The fuse base shall be so located
in the modules to permit insertion of fuse pullers and removal of fuse links without any
problem.

2.4 Contactors

9.4.1 The contactors shall be air break ype, cquipped with three main conlacts and minimum
INOA INC auxiliary contacts. The main contacts of a panicular contactor for motor starter
module shall have AC-3 or AC4 ratings, as specitied in data sheet

942 Unless specified otherwise, the coil of the contactor shall be suitable fur operation on 240 V. 1
Phase, AC supply.

9.5 Thermal Overload Relay
95.1 Bimetal relays shall be provided for protecting the motor from thermal overload.

9.5.2 Bimelal relays shal! be manually reset type with the reset push bution brought out on the front
of the panel. The reset push button shall be capable of being operated without opening the
companiment door,

9.5.3 BRimetal relays shall be three elements positive acting ambient temperature compensated type
with adjustable setting range.

9.5.4 Bimetal relays shall have built-in single phasing prevention feature, which operates even with
50% rated current at the time of single phasing.

9.5.5 The rating of Bimetal relay shall be selected by vendor based on type-2 coordination and full
load current of 1E-3 motor.

0.6 Moulded Case Cirenit Breakcers

9.6.1 MOCCBs shall be provided with spring assisted quick make! break manually operated trip free
mechanism. Wherever specified, MCCB shall be suitable for remote tripping operation and
the tripping device shall be suitable for the specified control supply voltage. MCCB shall be
suitable for Tes=Teu=100%:.

962 MCCBs shall be provided with a tdpping device with inverse time characteristic for over load
protection and instantaneous characteristics for short cireuit protection and MUCB rated above
125A shall preferably have adjustable settings,

9.63 "ON' and "OFF" position of the operating handle of MCCB shall be displayed and the
operating handle shall be mounted on the door of the compartment housing MCCB.

9.6.4 Each MCCB shall be provided with minimum 1 NO + 1 NC auxiliary contact and 1NO
contact for tripping indication/alarm for owner's use,
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9.6.5 MCCBs shall be provided with solenoid/ motorised closing mechanism to make them suitable
for remote closing operation if specified. The closing solenoid/motor shall be suitable for
specified control supply voltage,

966 MUCCB's as part of motor starer module shall be current limiting motor duty type and type
tested for type-2 co-ordination as per I3/ [EC 60947 considering energy efficient motors of 1E-
3 type unless otherwise specified elsewhere.

2.7 Relays

9.7.1  Type of relay shall be numerical, communicable, slatic or electro-mechanical type as specified
int the data sheet Yjob specification.

972 All electro-mechanical protective relays shall be back commected, of drawout type, suitable for
flush mountimg, and fitted with dust-light covers. Ahernatively, "plug-in" type relays will also
be acceptable. Auxiliary relays and lock out relays are acceptable in fixed execution.

973 'The protective (sttic or electro-mechanical type) relay cases shall have a provision for
insertion of a test plug at the front for 1esting and calibration purpose using an external power
supply. It shall be possible to test the relays without disconnecting the wiring and without
withdrawing the relays. The insertion of the test plug shall automatically sharl eireuit the CTs
and permits extension of external power supply 1o the relay.

974  Each protective relay shall be provided with minimum 2 numbers potential free contacts of
required confguration.

9.7.5  Each tripping relay shall be of lockout type with hand reset coil cut-off contact.

9.7.6  Protective relays shall be preferably mounted on the front side and upper part of the panel and
mounting of relavs on the lower portion shall be avoided.

9.7.7 Tarth Leakage Relay shall be manually hand reset type. In case hand resei feature is not
available in the oflered relay model, vendor 1o provide external hardware logic for manual
hand resetting of the carth leakage relay.

9.7.8  Stabilizing resistor shall be provided along with the relays including numerical relays as
required to avoid spurious tripping.

0.8 Instrument Transformers {CTs/1Ts)

9.8.1 Current transformers shall generally conform to 15:16227 and any special requirement with
respect 10 numerical relay shall be taken care by the vendor.

9.8.2  TFor general guidance the vendor shall note that the protective current transformers shall have
an accuracy class "5 P and an accuracy limit factor of minimum "20". However CTs for
restricted earth fault shall be of class "PS"PX". Vendor shall co-ordinate the knee point
vallage, magnetising current for PS5 class CTs to avoid saturation and mismatching of CTs
pravided at other end by other vendor,

9.8.3  Current transformers for metering shall have an accursey class 1.0 and insmument security
factor not greater than 5.0,

9.8.4  The current transformers in breaker feeders shall be capable of withstanding the applicable
peak momentary short cireuil and the symmetrical short eircuit current,

93.5 'The voltage transformers shall be cast resin type transformers and PT shall generally conform
to IS:16227. 1" shall be provided with HRC fuses on primary side and Miniature cimuit
breakers with auxiliary contact on the secondary side.

9.9 Measuring Instruments

9.9.1  All measuring instrumenms shall be of 96 x 96 mm square pattern, flush mounting type for
incomer and outgoing feeders in the switchboard. T'he accuracy ¢lass for all instruments shall
be 1.0 as per [5: 1248,

9.92  All auxiliary equipment such as shunts, transducers, CT, I'T, etc. as required shall be included

it the supply of the switchboard.
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993  All AC ammeters and volimeters shall be of moving iron (vpe, Ammeters for motor feeders
shail have a non-linear compressed scale at the end to indicate motor starting current and red
mark for the tull lead current.

293  The KW/KWH melers shall be suilable to measure unbalanced loads on 3 phases 4-wire
system. Test terminal block shall be provided for KWH melers.

9.94  Digital meters shall be provided, if specitied in job specification/data sheets. All digital meters
shall be highly reliabie, accurate, compact and self powered. Digital meter data shall be saved
in case of power failure. Field programming from front of the meter shatl be passible and shall
have K5232/485 port in case specified in the job specification/data sheet,

310 Control/ Setector Switches

8.10.1  All coneal! selector swilches shall be rotary tvpe, having a cam-operated contact mechanism.
Circuit breaker control switches shall be 3-position CNT, spring return to neutral from both
Close and Trip positions. ‘They shall have pistol-grip handles and shatl be lockable tvpe. Knob
type handle shall be provided for ather control/ selector switches.

9102 Ammeter selector switches shall have make before bregk feature on its contacts. The selector
switch shall generally have 4 positions, three for reading 3 phase currents and the fourth
position for off, The voltmeter selector switch shall also have 4 positions. Three positicns shall
be used 1o measure phase-to-phase voltage and fourth shall be OFT position.

9.11 Push Buttons

Push button colours shall be as follows:

Stop /openfemergency stop : Red

Btart/close : Green

Resetitest : Yellow / Black /White

The sLop push button shall be stay put tvpe & shall have protective hood to avoid accidental
operation.

912 lndication

9.12.1 Clustered LED type indicating light with minimum & mm diameter size shall be provided for
indications.

2.12.2 Breaker positions {{"lose, Open, spring-charged, test position, service position) electrical
indicaticns, wilth colors as given helow, shatl also be provided:

Breaker "Closed’) ON : Eed lamp
Breaker 'Open’/ OFF : Green lamp
Rresker auto-trip : Amber lamp
Trip circuit healthy : White iamp
Spring charging : Blue lamp

0123 Dwgomng feeder (Close, Open, trip) electrical indications, with colors as given below. shall
also be provided:

“Closed” : Red lamp
“Open’ : {ireen lamp
“Trip’ : Amber lamp

9.13  Auxiliary Relays/Cantactors

Auxiliary refays/contaciors shall generally be used for interlocking and multiplying contacts.
However, in the case of numerical relays, the interlocking logic shall be built in the relay
itselt.
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914 Timers

['or re-acceleration duty, timers shall be electronic type or static type. The lime seltings, where
specified, shall he accurately set before despatch of the switchboard. Timer provided tor
control of capacitor [eeder and re-acceleration feeders shall have minimum setting of (-3
minutes.

.15 Minittore Cirenit Breakor

MCB shall provide high mechamcal and electrical lile, reliable protection of circuits againsl
averload and short circuit and shall have minimum breaking capacity of % kA uniess otherwise
specified. Positive ONOFF indication shall be provided.

10.0  INSPECTION, TESTING AND ACCEPTANCE

10.1  During fabrication, the switchboard shall be subject to inspection by EIL / Owner, or by an
agency authorised by the Owner, to assess the progress ol work, as well as to ascertain that
anly quality raw malenal 15 used. The manufacturer shall [umish all necessaty information
concerning the supply to CIL / Owner's inspectors,

182 Fortesting requirements reter Inspection & Test Plan No. 6-81-1018. Prior notice of minimum
4 weeks shall be given to EIL/owner for witnessing the final testing of the complete assembly
to ensure satisfactory operation ol all components. Tests shall be carmied oul at manufacturer's
works under his care and expense.

1.3 Test certificates of bought out components shall be submined to the inspection agency, as per
inspection and Test Plan no. 6-81-1018.

11.0 PACKING AND DESPATCH

All the equipment shall be divided inlo several shipping sections for protection and ease of
handling during transportation .The equipment shall be properly packed [or selected mode of
transpottation 1.e. by ship/rail ot ttailer, The panels shall be wrapped in polvethylene sheets
before being placed in wooden crates fcases to prevenl damage to the finish. Crates /cases
shall have skid bottoms for handling. Special precaution notations such as “Fragile®, “This side
up’, “Centre of gravity’, “weighl’, Owner’s patticulars, Purchase otder number etz shall be
cilearly marked on the package together with other details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The packing
should be snitable for outdoor storage in areas with heavy rains and high ambient tempetature
uniless otherwise agreed. A set of instruction manuals for installation. testing and
commissioning, a set of operation & maintenance manuals and a set of [inal drawing shall he
supplied duly enclosed in a waterproof cover along with the shipment.
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Abbreviations:

AL
Ah
BIS
CEA
CRCA
(M1
DCDEB
ECS
CIL.
EMC
FRLS
1EC
ICEE
IP

Is
LED
MCB
MCCB
MR
MSL
Mi1-Cd
PC
PCB
PO
PVC
RF]
RMS
TCPAR
¥
VDE
VRLA
HLPE

Alternating Current

Ampere-hour

Bureau of Indian Standards
Central Electricity Authority
Cold Rolled Cold Annealed
Divect Current

Direct Current Distribution Board
Flectrical Control Svstem
Engineers India Limited

Electro Magnetic Compatibility
Flame Retardant Low Smoke
International Electrotechnical Commission
Institite of Electrical and Electronics Engineers
[ngress Protection

Indian Standard

Light Emitting Diode

Minialure Circuit Breaker
Moulded Case Circuit Breaker
Material Requisition

Mean Sea Level

Nickel Cadmium

Personal Computer

Printed Circuit Board

Purchase Order

Poly Vinyl Chloride

Radio Frequency Interference
Foot Mean Square

Transiission control protocol/lotermet Protocol
Volt

Verband Der Eleckirolechniker
Valve Regulated Iead Acid
Cross Linked Poly Ethylene

Elcctrical Standards Committec

Convenor:

Members:
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bMr. MK, Sahy
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Mr. Harish Kumar
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3.3

SCOPE

This specification covers the design, manufacture, testing at manufacturer’s works, packing
and supply to sile of Battery Chargers and Distribution Boards.

CODES AND STANDARDS

The equipment shall comply with the requiremenis of latest revision of the following
standards issued by BIS/ IEC/ [EEE:

I8 1248 Direct acting indicating analogue ¢lectrical measuring instrumennts and
ACCESSONIES,

IS 3700 Essential rating and characteristics of semi-conductor devices.
[54411 Code of designation of semi-cenductor devices.
18 500 Guide for preparation of drawings for semi-conductor devices and

integrated circuits,

L5 5469 Code of practice for the use of semi-conductor junction devices.

IS 6619 Safety code for semiconductor reciifier equipment.

15 1202] Control transformers for switchgear and control gear for voltages not
cxceeding 1000V AC.

IS 13703 Low voltage fuses for voltages not exceeding 1000VAC or 1500V DC.

15 14901 semiconductor Devices - Discrete Devices and Integraied Circuits

I5 16539 Semiconductor Converters

ISAEC 60269  Low-Voltage Fuses
ISAEC 60947 Low voltage switchgear and eontrol gear.
ISAFC 61439 Low-Valtage Swiichgear and Control gear assemblies

IrC allos Environmental testing,

[FC 60146 Semiconductor converters general requirements and line commutated
COnverlors.

IEEE 519 Fecommended Practice and Requirements for Harmenic Control in

Electric Power system.

In case of imported equipment, the standards of the country of origin shall be applicable, if
these standards are equivalent or more stringent than the applicable Indian standards,

The equipment shall also cenform to the provisions of CEA regulations with latest
amendments and other statutory regulations currently in force in the couniry,

In case Indian standards are nol available for any equipment, standards issued by [EC or
equivalent agency shall be applicable,

In case of any conflict between various referred standards/ specifications/ datasheets and
stalulory regulations, the most stringent requirement shall prevail and Owner’s! EIL's
decision in this regard shall be final and binding.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with siate of the art technology and a proven field
irack record. No prototype equipment shall be offered.

Vendor shall ensure avaitability ol spare parts and maintenance support services for the
affercd cquipment for at least t0 years from the dale of supply.

Vendor shall give a notice of at least onc year to the end user of equipment and FIL belore
phasing out the product/spares lo enable the end user to place order lor spares and services.

Format No, B-00-0001-F1 Rew. 0 Copyright EIL = Al rights resarve
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4.0

30

N |
5.1.1

3.1.2

5.2
5.2.1
5.2.1.1

3212

5213

SITE CONDITIONS

The Battery Chargers shall be suitable for installation and satisfactory operation in a
pressurised or non-pressurised substation with restricted natural air ventilation in a tropical,
humnid and comrosive atmosphere. The Battery Chargers shall be designed to operate under
site conditions as specified in the data sheet. It not specifically mentioned therein, design
ambient temperature of 40°C and altitude not cxeceding 1000 m above MSL. shall be
considered tor all equipment.

TECHNICAL REQUIREMENTS
Input Power Supply

The Battery Chargers shall be suitable Tor input power supply as defined in the data sheet. I
not specified therein, these shall be suitable tor the following mput pawer supply:

YVoltage 415% + 14

Frequency : 50 Hz + 3%

In addition to the above variations, the input velage may be subject to transient variastions
comnprising of voltage dips up to 20% of normal voltage during motor start-up, voltage
iterruptions duting shotl circuits as well as frequency variations due to large motor start-up.
The Battery Chargers shall operate satistactorily with a total harmonic distortion of up to 5%
it the 1mput power supply.

The Battery Chargers shall also be designed to operate satisfactorily while drawing input
power from an emergency dicsel generator set.

The incoming power supply to the Batllery Charger systern shall be provided by 2
independent feeders. One feeder shall supply powcer to cach rectificr,

Battery Charger
Dezizn Basis

The Batlery Charger system shall have two chargers (Charger-1 & Charger-2). Both
chargers shall be of identical design and rating. The ballery to be connected 1o the chargers
shall be of Nickel Cadmium/ flooded clectrolyte Lead Acid! VRLA type as indicated in the
data shect. Battery Chargers for flooded Lead Acid and Nickel Cadmium balleries shall be
sized to provide quick charging of the battery within a duration ot [0 hours. Battery
Chargers tor VRLA battery shall be sized to provide quick charging of the batllery up o 90%
of rated Ampere hours within a duration of 12 hours and to 100% within 32 hours. Each
charger shall be sized for the most stringent of the following duty conditions, whichever is

higher:

a. Offline quick charging of the hattery assembly. The charger shall be sized as under:

Charger rating in Amps. 0.4 Ah{C) of batiery (for Lead Acid batery)
0.2 Ah{C,y) of battery (for VR1.A battery)

0.2 Ah{Cs) of batlery (for Nickel Cadmium battery)

b. Online float charging ol the ballery assembly while [eeding the complete DC Joad.
The charger shall be sized as under:

Charger rating in Amps. = 1.}5 % Average DC load + float charging current
{Average DC load = Area under the battery duty cycle/ battery duty cycle duration).

Each charger shall have a 3 phase full wave, controlled rectifier bridge with protective
devices.

Independent cumrent limits shall be provided for charger load current and ballery charging
curretit. Subsequent to a discharge ¢ycle and completion of quick charging. when battery is
connected to charger under Moat mode, the battery current shall be monitored, contrelled and
limited to set value automatically irrcspective of the valoue of load corrent. Fast acting semi-
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5214

3215

5216

5207

3218

5208

32014

5200

conductor fuses shall be provided for protection against internal short circuits. In case of
external short circuits, the chargers shall be protected by rapid shutdown of the semi-
conducting power devices. The high speed semi-conductor fuses used for rectifier protection
shall be complete with (rip indication,

Filter circuits consisting of' smoothing choke and condenser, complete with protection to
limit the ripple content at the output. shall be provided.

Silicon blocking diodes shall be provided in the charger output circuit to prevent back-feed
from battery inlo the charger and filters.

Protection agains! reverse baullery connection and DC earth fault relay for earth leakage
detection shall be provided.

Silicon blocking diedes (min. 4 nos.) connected to 80% tap of the battery bank shali be
provided Lo maintain continuity in the DC supply to the load.

Internal coeling of the charger unit shall preferably be by natural ventilation. if forced air
cooling is necessary, a redundant air cooling lan shall be provided. The charger components
shall be capable of defivering their rated output with one forced atr cooling fan out of
service, Under this condition, maximum continuous temperature of components shall not
exceed the permissible limits. In case of chargers with forced cooling, loss of ventilation
alarm/ trip with overnide Facilities shall be provided.

Seleclion, sizing and suitability of all components used for various applications shall be
vendor's responsibility and the rating of components shall be increased, il required, to suil
associated components during execution of the order without any claim for extra price or
time.

The DC system shall be unearthed. However, a high impedance earth fault relay shall be
provided for the protection of the battery.

Each charger shall be galvanically isolated from the inpul power supply by providing a
double wound transformer at its input. The transformer shall be natural air cooled, dry type
zuitable tor location inside a panel,

5.2.1.12 RF1 filters shall be provided to suppress the radio frequency interference to permissible

32,113

limits, The production of radic frequency interference voltages shall not exceed the value of
suppression grade N as defined in VDE-0875. Batlery charuer shall be designed to comply
with EMC requirements as per IEC 60146/ 1316339, Additional RFIY TMC filters as
required to comply with EMC requirement shall be provided.

Transient’ surge protection devices shall be provided in the input circuit of chargers to
protect them against surges & voltage spikes.

5.2.1.14 The Chargers shall be designed to draw power from mains supply at a minimum power factor

321,13

5.2.1.16

2017

of 0.85 lag while sharing the rated load in normal operating configuration.

The chargers shall be designed to ensure that the harmonic component in the input currents
are limited as per recommendations of the latest edition of IEEE-519, so as not to cause
undue harmful effects on other sensitive equipment operating on the same supply bus.
Suitgble filters/ harmonic traps shall be provided, as required, for this purpose.

All breakers shall be adequately raled for the reyuired conlinuous rating and breaking
capacity as applicable. Paralleling of breaker/ switch/ contactor poles to achieve the required
current rating 15 not acceptable, All oulput isclating devices shall be double pole type. The
DC contactors shali be operated with a DC control supply using ON/ OFF selector switches
and not push butlons.

All the thyristors, dicdes and other power electronic devices shall be protected with high
speed semiconductor fuses. Pt co-ordination between fuse and semi-conducting power
devices shall be ensured.

Famat Mo, 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reservesd
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5.2.1.18 The Bauery Chargers shall be specifically designed to 1imit float and quick charging voltages

521
52.2.1

to the battery 10 limits recommended by the battery manufacturer. Output veltage shall be
limited 10 maximum —10% of nominal sysiem voltage when the bantery is floal charged
while feeding the load. Vendor shall specifically ensure that the charger output voltage does
not exceed the recommended limits of operation under any conditions of imcrnalf extermal
fault or operation, including:

- Filter capacitor fuse failure of either charger
- DC output switch OFF of either charger
- DC cutput fuse blown of either charger.

Other specific current! voltage limits during normat charging/ operation of the chargers shall
also be incorporated in the design of the chargers.

Operation and Performance
Operation {Option — 1)

The C system shall comprise of 2 Nos. Float cum quick Chargers {each rated for 100%
capacily) with 1 set of battety (Refer typical scheme block diagram option — ). All
functipnalities & operation shall be available for both Auto & Manual mode of operation of
chargers.

2  Normal operation requires that the banery assembly shall be float charged
simultaneously by both Chargers-1 & 2 while feeding the DC load, the chargers thus
operating in parallel and equally sharing the (otal load,

h. However in case of failure of either of the chargers, the other charger shall float
charge the battery while feeding the complete DC load. Faulty charger shall
antomatically ged disconnecied from the healthy svstern.

c. In case of AC mains failure or failure of both the chargers, the bantery shall continue
to supply the load.

d. The process of changeover from floal to quick charging and reverling from quick to
float charging shall be selectable in Automatic or Manual mode by means of an Auto/
Manual selector switch, In Automatic mode, the changeover from float to quick
charging shall be initiated through a current sensor, set at a preset value. Similarly, the
changeover from guick to float charging shall also be automalic based on current
sensing. In Manual maode, both change over from floal to guick charging and from
quick to float charging shall be performed manually vsing push buttons. When quick
charging mode is selecled, the battery charger shall initially charge the hattery under
constant current mode followed by constant vollage (finishing charging) mode or as
per the battery manufacturer’s recommendation. Changeover from constant current to
constanl volage {finishing charging) mode shall be fully automatic. A backop
synchronous or digital timer shall also be provided for initiating the changeover to
float mode by default after a preset time pericd. The timer range shall be 0 to 24 hours
or the nearest available as per manufacturer’s standard range.

e.  In the event of failure of the charger feeding the load, when battery is being quick
charged by lhe other charger, continuity in DC supply shall be mainiained from the
battety 10 the load through 80% tap of the bauery bank followed by full battery
supplying the load through contactor -2 (refer block diagram Option — I The
healthy charger shall changeover to float mode from quick mode and shall feed the
NC load while float charging the battery.

f. Interlock shall be provided to ensure that when either of the chargers is selecled in
quick charging mode, il will be disconnecied {rom bolh the DC load and the other
charger operating under float charging mode. Further interlock shall be provided to
prevent operating bolh charzers under guick mode.
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g-  The chargers shall have facility for manual mode of operation in the event of failure of
controller under closed loop control. The selection shall be done through Auwtof
Manual selector switzh.
. Energisation of contactor for D eritical lighting shall be initiated by means of an AC

mains [ailure relay complete with Aute/ Manual selector switch, On/ Off push
buttans ete.

3.2.22  Operation {Option — 11)

a)

b)

)

h)

i

k}

The DC system shall comprise of 2 nos. Float cum guick Chargers {cach rated for
100% capacily) and 2 sets of Batteries {cach of the battery sets rated for 50% AH
capacity unless speeified otherwise in datasheet’ job specification). (For typical
scheme, refer block diagram Option - II). All functionalitics & operation shall he
available for both Auto & Manual mode of operation of chargers.

Normal operation requires that Battery—1 shall be float charged by Charger-1 while
Battery-2 shall be float charped by Charger-2. In this case both the chargers 1 and 2
shall feed the DC load by operating in parallel and cqually sharing the total load.

Selection of Flaal / quick mode shall be Automatic or Manual based on the position of
sclector switeh for Auto / Manual selectinn,

In case of failure of cither of chargers, the other charger shall float charge both the
batteries while feeding the complete DC load. Faulty charger shall automatically get
disconnecied from the healthy system,

In cas¢ of AC mains tailure or failure of both the chargers, both the battenies shall
continwe to supply the load by equally sharing the load cutrent.

After restoration of power supply, one of the Chanzer (say Charger-1) shall float
charge Batterv-1 and also feed the complete DC load while the other Charger-2 shall
quick charge Baitery-2. Upon completion of quick charge of Battery-2, Charger-2
shall switchover to float mode and shall floal charge Rattery-2 and also feed the
catmnplete DC load while the other Charger-1 shall switchover to quick mode and shall
quick charge Battery-1.

The process of changeover from float to quick ¢harging and reverting from quick to
floal charging mode shall be sclectable in Automatic or Manual mode by means of
Auto / Manual selector switch.

In automatic mode, the changeover Irom float (@ quick charging shall be initiated
through a curtent sensar set al a preset value, Similarly, the changeover from quick to
float charging shall also be automatic based upon current sensing and through imer.

In manual mode, both the changeovers Le. from float o quick chargmyg and from
quick to float charging shall be performed using push buttons, When quick charging
made 1s selecled, one of the battery charger (say Charger-1) shall initially charge the
hattery under ennstant current made [oliowed by constant vaoltage (finisking charging)
mode or as per the battery manufacturer’s rccommendation. Changeover [rom
constant current o constant voltage (finishing charging) mode shall be fully
awtomatic. A back-up synchronous or digital timer shall also be provided for initiating
the changeover (@ float mode by default after a preset time period. The timer range
shall be () to 24 hours or the nearest available as per manufacturer’s standard range.

In the event of failure of charger [eeding the load (sav Charger-17, when Battery-2 is
being quick charged by the other Charper-2. Charger-2 shall changeover to float mode
and continuity of 100%% D supply to the load shall be maintained from the Charger-2
while float charging both Battery-1 as well as Battery-2 after providing suitable time
delay.

In an ¢vent of AC mains failure, when one of the Charger (say Charger-1} is float
charging the Battery-1 and supplying the 100% DC load while the other Charger-2

Format Mo. BSX-K01-F1 Raw. O Copyright EIL — All rights reserved
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wias quick charging Batlery-2, continuity of 100% DXC supply to the load shal! be
maintained from Battery-1 (through 100% tap). Further, Battery-2 (which was being
quick charged) shall also be made available, after providing swvitable time delay, to
leed the DX load by eperating in parallel with Battery-1 and sharing the tolal load.

1) Interlock shall be provided to ensure that when either of the chargers (say Charger-1)
iz selected in quick charging mode, it will be disconnected from hoth the DC load as
well as the other Charger-2 operating under tloat charging mode. Further interlock
shall be provided to prevent operating both chargers under quick mode.

m}  The chargers shall have facility for manual mode of operation in the event of [ailure of
controller under closed loop control. The selection shall be done through Auto/Manual
selector swilch.

n)  Energisation of contactor for DC critical lighting shall be initiated by means ol an AC
mains failure relay complete with Auto/Manual selector switch, On/Off push buttens
ete,

5223 Performance

a Both chargers shall be of solid state design, constanl voltage and current limit type.
The cutput voltage shall be stabilised to within =1% ol set value in loal charging
mode for mains steady slate voltage and [requency variation of +10% and +3%
respectively, and load variation of 10 to 100% at any temperature up to the design
ambient temperature specified in the data sheet. However, the wariation in output
vollage can be up o +2% for chargers with rated cutput voltage up to 24V,

b. Under constant current guick charging condition, the DC output current shall be
maintaingd within 2% of set value.

The output vollage dynamic response of the charger unit with battery discomnected
shall not vary more than +10% of nominal output voltage in the event of siep toad of
up to 50% of the rated output. The output voltage shall be restored to a value within
the steady state limits within 250 msec.

C. The maximum allowahle RMS ripple voltage, with ballery disconnected, shall be
equal to or less than 2% of the nonunal oulpul vallage.

d. The maximum noise level from the chargers measured at 1 metre distance in any
position, at any lead between (- 100% with all normal cooling fans running shall not
exceed 75 dBiA).

5224 Controls

The minimum controls shall include but not be limited to those shown in the block diagrams
{OPTION-I or OFTION-II as applicable).

5.2.2.5 Panel Metering and Indication

These shall include but are not limited 1o those shown in the block diagrams (OPTION-T or
OPTION-II ag applicable):

LEDs provided for indication shall be cluster type with adequate brightness and minimuom 2
Nos, LEDs chips per light. LEDs shall be connected in parallel and sach LED chip having
diameter not less than 3mm.

5.2.26  Annunciation

Stabic type audio-visual annunciatlor with annunciation windows, acknowledge, test and reset
push buttons and hooter shall be provided on each charger for the lollowing annunciations.
Any additional relays/ components, including DC under vollage relay and current sensors,
required [or this purpose shall be provided in the chargers. Facility for bypassing the audio
alarm on cach charger shall alse be provided.
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5.2.2.7

5.2.2.8

5218
5.3
531

532

533

- X under vollage

- X overvoltage

- [XC earth leakage

- AC incoming power supply failure

- AC input fuse blown-off

- Thyristor! dinde failore or Thyristor/ diode protection fuse failure

- C output fuse blown-off

- DC battery [use blown-olT

- Filter Capacitor luse blown-olf

- Load on Battery {using current ditection sensing with time delay)

- Battery under voltage/ Disconnected during discharge {(using zero current sensing)
- Cubicle fan failure/ cubicle remperature high (for chargers with forced cooling).

One summary atarm potential-free contact each for Battery, Charger-1 and Charger-2 shall
be wired to terminat block for remote annuneliation,

Charger shall also be provided with port to hook up all indication and andio visual glarm, as
specificd above with owner's PC/ ECS through serial interface with industry standard
protocol i.e. RS-485/ TCP/IP/ IECa1850 etc.

Printed Circuit Boards (PUBs)

PCBs used in the chargers shall be made of glass epoxy material. The PCBs shall be firmly
clamped in position so that vibration or continued usages do not result in loose contacts. All
PCRs shall be fitted in a manner to avoid replacement of a PCB by a wrong spare card. The
PCBs shall be provided with visual light emitting diode (LED} statos indications, monitoring
points/ test connections and sctting potentiometers in a readily accessible location which is
visible without removing the FCBs.

Conformal coating shall be done for all PCBs, electronic components complying to Harsh
enviromment class G3 as per standard IEC&006E,

Vendor shall provide adequate protection 1o the system,
Construction of Chargers! Distribution Board

Each Baltcry Charger and DC distribution board shali be housed in a separate free standing
cubicle with minimum [P-31 degree of protection. Al panels shall be of the same height so
as 1o form a panel line up which shall have good aesthetic appearance. Chargers-1 & 2 shall
be installed side by side whereas DCDB may be located separately and interconnecied 1o the
charger through cables. The DCDB shall accommodate outgoing feeders as desired. Each
pancl shall be provided with a LLED light of required wattage with a door operated switch
and a thermostatically controlled MCB protected space heater.

The DCUB shall be compartmentalised with sach outgoing feeder housed in a scparate
compartment and shall comply with form of intcrnal separation, minimum “Form-3b” as per
IS/IEC 61439, Cable alley of minimum 200 mm width with suitable supports shall be
provided for the termination of cables for each vertical arrangement of outgoing fecders in
DCDE,

The Charger, DC2A and Cell Booster enclosures shall be fabricated from structurald CRCA
sheet steel or Galvanised sheet steel. The frames shall be fabricated by using minimum 2
mm thick sheel stecl while (he doors and covers shall be madc from minimum 1.6 mm thick
sheet steel. Wherever required, suitable stiffeners shall be provided. The panels shall be
pravided with suitable louvers for ventilation backed by wire mesh. They must be suitable
for use in a tropical climate. llinged doors shall be provided at the [ront and back as
required. Inter panel sheet steel barriers shall be provided. Charger enclosure material shall
comply with EMC requirements.

Bus hars shall be colour coded and live parts shall be shrouded to ensure complete safety 1o
perscmnel intending routine inspection by opening the panel doors. All the cquipment inside
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534

5.3.5

5356

537

538

539

5310

5311

5311

5.3.13

the panel and on the doots shall have suitable nameplates and device tag numbers as per the
schematic diagram. All wires shall be ferruled and terminals shall be numbered.

The DCDB incomer and main bus bars shall he rated based on the maximum load current
considering an additional 10% design margin for contingencies. The rating shall be selected
from standard available ratings and shall be adequate Tor the expected short circuit current.
The hus bar voltage shall be higher than the recommended quick charging vollage [or the
system. The insnlation for all equipment where provided shall be heat resistant, moisture
procd and tropicalised.

All power and control switches shall be rotary/ cam operated type. All power swilches shall
he air insulated load break type. Vendor shall ensure that all equipment! components such as
incomer switches, oulgoing DC switches, MCCBs, push buttons, indicating lamps, charger
mode selector switches, voltape control switches, annunciator windows ele. are suitably
located on the charger and distribution board door such that they can be operated without
opening the front door. Power switches shall be provided with a door interlock. In case of
difficulty in installation on the charger front panel door, the AC incoming power switches,
DC outgoing switches and MCCBs may be instafled within the panel provided that they are
operable after opening the front panet door. However, all other selector! control switches,
push buttons, indicating lamps, annunciators, meters etc. shall necessarily be installed on the
front panel door as specilied above.

All instruments shall be switchboard type, back connected and maximum 96 x 96 mm square
gize, Accuracy class of all meters shall be 1%0. Digital meters capable of displaying different
parameters can be considered subject to Owner’s’ EIL's approval. Analogoe instament
scales shall have a red mark indicating maximum permissible operating rating,

All Fuses shall be link 1ype and shall be located inside the panel. Diazed [uses shall not be
accepted.

All power and control wiring connections within (he panels shall be carried out with 660V
grade, PYC/ XLPE nsulated, Flame Retardant Low Smoke (FRLS), BIS marked wites
having stranded copper conductors. However, copper strip connections shafl preferably be
nsed for currents exceeding 100A. Control wiring for electronic circuits/ components shail
be through copper flat ribbon cable or copper wire of minimum 0.5mm diameter. Fetruling
of wires shall be as per relevant IS,

For all cabling external to panels, power cables shall be with aluminium/ copper conductors
and control cables shall be with copper conductors. All cable connections shall be from the
hottom of the panel. Removable holted undrilled gland plates shall be provided tor all
external ¢able commeclions, Separate lest terminals shall be provided for measuring and
testing the equipment to check performance.

A suitably sized earth bos shall be provided at the bottom of the panels running through the
panet line up with provision for earth connections at both ends to owner’s main earth grid.
All potential free metallic parts of equipment shall be snitably earthed to ensure safety.

The maximum height of the operating handles! switches shall not exceed 1800 mm and the
minimum height shall not be below 300 mm.

All components/ devices! feeders shall be provided wilh screwed nameplates and lettering
shall be of minimum 6 mm height.

Panels shall undergo manufacturer’s standard cleaning and painting cycle. After preparation
of the under surface, the panel shall be painted with two coats of epoxy based final paint
{olour shade of final paint shall be RAL 7032, All unpainted steel parts shall be suitably
treated to prevent rust formation. If these parts are moving elements, then they shall be
greased,
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5.4 Cell Booster

5.5

5.5.1
552

553

R
6.1

6.2

6.3

7.0

Cell booster shall be suitable for charging one 10 six cells within the time duration specified
at C1.5.2.1.1, Tt shall be suitable for charging net only new cells before being introduced (o
the battery bank but also for any treatment to be given (o individual weak cells. Cell booster
shall be suitable for 240 V 4+ 10%, 30 Hz + 3% SPN input power supply. Cell booster cutput
voltage shall be in the range of 0-18V and -12V for Lead Acid and Nickel Cadmium
baticries respectively. Cell boosier shall be sized as under:

For Lead Acid battery = 0.14 x AR{C ) of eell
For VRLA battery = 0.2 x Ah{C ) of cell
For Ni Cd battery = 0.2 x Ah{C;) ol cell.

Cell booster shall have a heavy duty switch luse or MCCB on both AC incomer and DC
outpul sides, along with AC volimeter, BC ammeter, DC volimeter and indicating lamps for
AC/ BC power ON & reverse battery connection. The output voltage and current of cell
booster shall be manually controlled using a suitably rated variac or a full wave controlled
reclifier bridge. Suitable interlock shall be provided so as to ensure that the variac/
controlled rectificr is at its minimum position while switching on the ecll boosicr. Cell
booster shall be portable type with wheels. Each cell boostcr shall be supplied with 5 m long
flexible copper conducior, PYC insulaled braided cables for both AC incoming power
supply and DC output connection to the battery. An industrial type 3 pin I15A plug shall be
provided on AC incoming cable end and lugs shall be provided on DC outgoing cable end.

Reliability
All necessary care shall be taken in selection, design, manulaclure, tesling and

commissioning of the equipment for ensuring high system reliability. The following design
considerations shall be taken 1010 accournil to cnsure maximum availability ol the system:

There shall be no commoen device between the two wnits, the failure of which could cause
shutdown of more than onc charger,

It ghall be possible to attend to any individual power circuit for mainlenance without
affecting the total DC supply.

Series-parallel combination of smaller devices to achieve specificd rating shall not be
acceptable.

INSPECTION, TESTING AND ACCEPTANCE

During fabrication, the equipment shall be subjected to inspection by EIL / Owner or by an
agency authorised by the Owner, 10 assess the progress of the work and to ascertain that only
quality raw material is used. The manufacturer shall furnish all necessary information
concerning the supply to EIL's/ Owner's inspector,

For testing requirement, Inspection & test plan for battery chargers (Standard no. H-81-
1019) shall be followed. Prior notice of minimum 4 wecks shall be given to ElL/owner for
witnessing the final testing of panel to ensure satisfictory operation of all components. Tests
shall be carmied out at manufacturer's works under his care and ¢xpense,

Test certificates of bought out components shall be submitted to the inspection agency, as
pet Inspection and Test Plan no. 6-E1-1019.

PACKING & DESPATCH

All the equipment shall be divided into several sections for protection and case of handling
during transportation, The ¢cquipment shall be properly packed for ransportation by ship/ rail
or trailer. It shall be wrapped in polythene shoets before being placed in crates/ cases to
prevem damage 1o finish. The crates/ cases shall have skid bottoms for bandling. Special
notations such as *Fragile’, *This side up’, ‘Cemter of gravity’. “Weight”, ‘Owner’s
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particulars’, *PO Nos.' Eic., shall be clearly and indelibly marked on the packages iogether
with other details as per purchase order.

The equipment may be stored outdoors for long periods before installation, The packing
shall be completely suvitable for outdoor storage in areas with heavy rains and high ambient
lemperalure. A st of instruction manuals for insiallation, iesting and commissioning, a sei
of operation & maintenance manuvals and a set of final drawing shall be supplied along with
ihe shipmenl duly enclosed in a waterproof cover.
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Abbreviations:
AC Alternating Current
APFC Automatic Power Factor Correction
BIS Bureau of Indian Standards
BS British Standards
CEA Central Electricity Authority
CRCA Cold Rolled Close Annealed
CT Current Transformer
pC Direct Current
ECS Electrical Control System
FO Fiber Optic
FRP Fibre Reinforced Plastic
HRC High Rupturing Capacity
‘HY . High Voltage
[EC International Electro technical Commission
IEEE Institute of Electrical and Electronics Engineers
IP Ingress Protection
IS Indian Standards
LCD Liquid Crystal Display
MDB Main Distribution Board
NEMA National Electrical Manulacturers Assoeciation
PCB Poly Chlorinated Bi-phenyl
PF Power Factor
PO Purchase Order
PVC Poly Vinyl Chloride
RVT Residual Voltage Transformer
SWG Standard Wire Gauge
UsB Universal Serial Bus
VDE Verband der Elektrotechnik, Elektronik und Information stechnik
XLPE Cross Linked Poly Ethylene

Electrical Standards Committee

Convener:  Mr, MK, Sahu
Mr. Harish Kumar
Ms. Arvind NP Singh
Mr. Raman Sood
Mr. Bishan Dass

Mr. Rajiv Kumar Saha
Mr. Vijay Kumar
Ms. Shirali Aggarwal

Ms. Rashmi Singh Rathaur
Mr. Ayush Mathur (Projects)
Mr. Rajesh Sinha (PDD)
Ms. Shalini Verma { PEM)
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L0 SCOPE

The scope of this specification covers design, manufacture, assembly, shop testing and
delivery of high voltage shunt capacitors suitable for indoot/ outdoor location as specified in
data sheet and for APFC panels (Indoor) along with complete accessories, G.I. support
structures, interconnecting bus bars and parts necessary for safe and efficient operation.

2.0 CODES AND STANDARDS

2.1 The equipment shall comply with the requirements of latest revision of the following

standards issued by BIS:

IS:
IS:

IS:
IS:
IS:
15:
IS:
IS:
IS:
Is:
Is:
IS:
15:
Is:
IS:
IS:

IEC 60282-|
IS/IEC 60470

[EC 60871

IEC 60076
IEEE-519

[S/IEC 62271

(Part 1, 102, 103,
105, 109, 200, 201)
[EC 62271
{S/IEC: 60529

5
1248

2071
2705
2099
2544
3618
5082
5553
3578
8084
9402
10601
11353
12672

13925

: Colours for ready mixed paints and enamels.
: Direct acting indicating analogue electrical measuring

instruments and their accessories

¢ High Voltage Test Techmique

: Current transformers

. Bushings for alternating voltages above 1000V.

© Porcelain post insulators for systems with nominal voltage

greater than [000V.

: Phosphate treatment of iron and steel for protection against
L COITOSION.
: Wrought Aluminum and Aluminum alloy bars, rods, tubes

and sections for electrical purposes.

: Reactors
- Guide for marking of insulated conductors.
¢ Interconnecting bus bars for AC voltage above 1kV up to and

including 36kV.

. HV fuses for the extemal protection of shunt power

capacitors,

. Dimensions of terminals of high voltage switchgear and

Controlgear

: Guide for uniform system of marking and identification of

Conductors & apparatus terminals

: Internal luses and internal overpressure disconnectors for

shunt capacitors.

: Shunt capacitors for AC power systems having a rated

voltage above 1000/ 660V,

: High voltage fuses — Current Limiting fuses

: High Voltage Switchgear Alternating Current Contactors

: and contactor based motor starters

: Shunt capacitors for AC power systems having rated voliage

above 1000V

. Power Transformers
. Recommended Practice and Requirements for harmonic

Control in electric power Systems

: High Voltage Switchgear and Controlgear

. High Voltage Switchgear and Controlgear
: Degrees of protection provided by enclosures (1P Code).

1.2 In case of imported equipment. the standards of the country of origin shall be applicable if
these standards are equivalent or more stringent than the applicable Indian standards.
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23 The equipment shall also conform to the provisions of CEA regulations and other statutory

regulations currently in force in the country,

24 In case Indian standards are not available for any equipment, standards issued by IEC/ BS/
VDE/ IEEE/f NEMA or equivalent agency shall be applicable.

25 In case of any contradiction between various referred standards/specifications/data sheet and
statutory regulations, the most stringent requirement shall govern and decision of owner/EIL
in this regard shall be final & binding.

3.0 GENERAL REQUIREMENTS

3.1 The offered equipment shall be brand new with state of art technology and proven field track
record. No prototype equipment shall be offered.

3.2 Vendor shall ensure availability of spare parts and maintenance support services for the
offered equipment for at least 10 years from the date of supply.

33 Vendor shall give a notice of at least one year to the end user of equipment and EIL belore
phasing out the product/ spares to enable the end user to place order for spares and services.

4.0 SITE CONDITIONS
The capacitor banks and accessories shall be suitable for installation and satisfactory operation
in a tropical, humid and corrosive atmosphere in outdoor open bays next to the substation
building or inside the substation building (pressurized or air-conditioned) located in a safe
non-hazardous area, as specified in data sheet. They shall be designed to operate under site
conditions specified in the requisition/ data sheet. If not specifically mentioned therein, a
design ambient temperature of 40°C and an altitude not exceeding 1000m above mean sea
level shall be considered.

5.0 CONSTRUCTION

5.1 Qutdoor Equipuients

5.1.1  The capacitor banks shall comprise the following basic components. Other equipment, not
specifically listed below but necessary for the sale and proper lunctioning of the capacitor
bank shall be included:

# Capacitor units of appropriate kVAR rating

e Ol filled! dry type Series reactor as per data sheet

* Residual voltage transformer (RVT)

o External expulsion/ HRC type fuses or internal element fuses

o Insulators and bushings

e Cable end boxes for incoming cable termination in Series reactor.

s PV sleeved Aluminium or Copper bus bars/ insulated flexible cables for interconnecting
the units to form the capacitor bank and for interconnecting the series reactor and the RVT

o  Discharge resistors
Galvanized support steel structure

5.1.2  The entire outdoor capacitor bank with post insulators, series reactor and RVT shall be
supported on steel structures, which shall be designed and supplied by the capacitor supplier.
The steel structure shall be so designed. that the bottom-most portion of any insulator or
bushing on the assembly shall be at a minimum height of 2.73m above ground level. The steel
structure shall be galvanized. The amount of galvanizing shall be minimum 200 gm/ m* of
surface area (0.1 2mm uniform thickness),
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52 Indoor Equipments
5.2.1 The capacitor banks shall comprise the following basic components. Other equipment, not

522

523

524

5.2.6

5.2.7

528

specifically listed below but necessary for the safe and proper functioning of the capacitor
bank shall be included:

Capacitor units of appropriate kW AR rating

Dry type Series reactor

Residual voltage transformer (RVT)

HRC type fuses or internal element fuses

Insulators and bushings

Cable end boxes for incoming cable termination in Series reactor for pedestal mounted
units

=  PVC sleeved Aluminium or Copper bus bars/insulated flexible cables for interconnecting
the units to form the capacitor bank and for interconnecting the series reactor and the RVT
Discharge resistors

Metal enclosure comprising of sheet steel units (for panel-mounted units)

Pedestal (for non-panel mounted units).

Pedestal-mounted indoor units: The entire capacitor bank with insulators, series reactor and
RVT shall be supported on a pedestal, which shall be designed and supplied by the capacitor
supplier.

Panel-mounted indoor units: The entire capacitor bank along with APFC panel with insulators,
series reactor, RVT, lightning arrestor, fuses and any other necessary equipment shall be
mounted inside the panel, which shall be designed and supplied by the capacitor supplier.
Capacitor bank shall be mounted inside a metal enclosure which shall comprise of sheet steel
units. The capacitor panel shall be totally enclosed and dust and vermin proof, free standing,
compartmentalized Moor mounting type. If necessary, opening for natural ventilation shall be
provided. These shall be louvered and provided with wire mesh having opening size less than
Imm. The enclosure shall have complete protection against approach to live parts or contact
with internal moving parts (1P-4X) as per IS as applicable,

The bus-bars, incoming and outgoing feeder compartment and capacilor storage space shall be
fabricated from cold rolled sheet steel. The sheet steel used for panel shall be minimum 14
SWG (2 mm) CRCA except that the doors and covers may be made of 16 SWG (1.6 mm)
CRCA., Wherever required. stiffeners shall be provided to increase stiffness of large doors and
covers.

All cubicles/panels shall be connected to an earth bus bar running throughout the length of the
panel. The minimum earth bus bar size shall be 30 x 6 mm® Copper, up to short-circuit
withstand capacity of 31.5 kA, and 50 x 6 mm* Copper, for a short-circuit withstand capacity
above 31.5 kA. Doors on which electrical equipment is mounted shall have fexible earth
connection to main frame work. Two numbers external earth terminals shall be provided for
connection with earth conductor.

The mounting height of all components on panel door shall be between 300 1o 1800 mm from
floor.

Bus-bars shall be of electrolvtic grade Aluminium or Copper. The bus-bar size shall be
determined taking into consideration the continuous rating and fault level specitied.

The vendor shall ensure that temperature within the cubicle is within acceptable limits and that
the heat from capacitor bank does not get transferred to the switchgear assembly. The vendor
may consider using ventilation fans for effective heat removal. In case of fan cooled panels.

redundant cooling fans (N+1) shall be provided. In case rcdundam cooling fan is not possible

to be mounted on purel. same shall be supplied loose.
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5.2.9 The gland plate for the incoming cable shall be at least 600 mm from the incoming switch
terminals for panel with voltage up to 11kV and 900mm for 22kV and 33kV voltage. The
removable gland plate shall be undrilled and have a minimum thickness of 2Zmm.

5.2.10 If required, separate panels for indoor capacitor banks and APFC shall be provided.

5.2.11 All the cables entries shall be from bottom.

6.0 DESIGN FEATURES
6.1 Capacitor Units

6.1.1 The capacitor banks shall comprise of appropriate number of basic single-phase units which
shall be connected in star formation.

6.1.2  The dielectric used in the capacitors shall be all polypropylene or mixed dielectric with low
watt loss. The impregnant in the capacitors shall be non-toxic, non-PCB based and bio-
degradable.

6.1.3 The capacitor units shall be assembled such that the capacitor banks are capable of
withstanding the electro-dynamic and thermal stresses caused by transient over currents
during switching. The capacitor units shall have overload capacity as per [S: 13925,

6.1.4 Capacitor banks shall be protected using internal element fuses or external expulsion/ HRC
type fuses and protection provided thus shall conform to the requirements specified below.
The internal design of series and parallel arrangement of elements shall be such that:

a.  In the case of one element failure, there is no harmful over voltage across the remaining
elements and no appreciable change in the operation of the capacitor bank

b.  Operation of a single intemmal fuse element does not cause cascade fuse blowing
Permissible over voltages and surges do not cause intemal element fuse blowing

d.  Characteristic of external fuse, if provided, shall be ccordinated with capacitor unit
characteristics

e.  External fuse, if provided, shall be rated to allow inrush current of the capacitor unit.

6.1.5 Discharge Resistors

Discharge resistors shall be provided to reduce the capacitor bank terminal voltage to a value
equal to or less than 50V within 10 minutes after capacitor is disconnected from the electrical
svstem. Separate discharge resistors shall be provided for each step. Ahernatively, discharge
resistors as part of each capacitor unit are also acceptable.

6.2 Bus Bars

All bus bars interconnecting the basic units as well as the series reactor and RVT shall be of
high conductivity electrolytic Aluminum or Copper and shall be fully insulated by using heat
shrinkable PVC/ FRP sleeves. All bus bar joints and tap-off connections shall be provided
with removable FRP shrouds. The sleeves shall be rated to withstand the system line-1o-line
valtage for | minute. Bus bars shall be sized for 130% of the rated current of the capacitor
bank.

6.3 Series Reactor

Series reacton shall be provided o limit the inrush current and to suppress haumonics/ avoid
resonance condition. Series reactor shall be sized for 130% of the rated current of the
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6.4

6.5

6.6

6.7
6.7.1

6.7.2

6713

capacitor bank. The series reactor shall be mounted inside the capacitor cubicle (for indoor
panel mounted capacitor bank) or shall be mounted on pedestal (for indoor pedestal mounted
type capacitor bank) or shall be mounted on structure (for outdoor type capacitor banks). Oil
immersed type Series reactor for outdoor type capacitor banks shall be housed in a separate
completely enclosed weather protected unit suitable for outdoor installation.

The series reactor shall be designed to have linear V/ [ characteristic. The series reactor shall
be of oil-immersed/ dry type (for outdoor capacitor banks) and dry type (for indoor capacitor
banks), with copper windings, air/ iron cored, non-magnetically shielded design and provided
with a conservator (applicable for oil immersed series reactor). Temperature rise for oil and
winding shall not exceed the limits as per relevant 1S/ [EC.

Cable Boxes

For indoor pedestal mounted and outdoor type capacitor banks, a cable box suitable for
termination of high voltage XLPE msulated Copper/ Aluminum conductor, screened and
overall PVC sheathed cables of specified size shall be provided on the series reactor. The
cable box shall be designed to withstand specified primary system fault level for 0,25 seconds.
A cable box for termination of control cables shall be provided on the RVT. The cable boxes
shall be provided with adequately sized cable entries and suitable double (for outdoor units)/
single (for indoor units) compression cable glands made of Nickel-plated Brass. Tinned
Copper lugs shall be provided for the connection of all cable cores. In addition, cable boxes
for outdoor type capacitor banks shall be weatherproof with minimum [P-55 degree of ingress
protection.

Residual Voltage Transformer (RVT)

A continuously rated residual voltage transformer shall be provided for vollage monitoring
and unbalance protection with primary connected in star (neutral connected to capacitor bank's
neutral) and two secondary windings connected in star and open delta connection respectively.
The secondary voltages per phase shall be | 103 Vand 110/3 V.

Insulators and Bushings

Bushings where applicable, shall comply with IS: 2099. The bushings shall be provided with
creepage distances applicable to highly polluted environment as per the requirements of
relevant IS,

APFC Panel

Each bus-section of the switchboard shall have a separate APFC controller. APFC control
panel shall be microprocessor based. It shall be ensured that:

a) In normal operation with main switchboard bus coupler open, the capacitor bank shall
be controlled by respective APFC controller.

b) If the bus-coupler is closed & one incomer breaker is open, then capacitor banks of
respective buses shall be controlled by respective APFC controller by using
Summation CTs or/ and with suitably designed logics.

APFC function shall be automatically switched off under following conditions:
a)  Incomer bus bar Fault or circuit breaker failure (Incomer, bus coupler and capacitor

feeder)
by  Upstream transformer fault

APFC relay shall be suitable for CT secondary rating of 5A and 1A,
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6.7.4  Following shall be provided in APFC panel as a minimum:

a)  Suitably rated on-load triple pole door interlocked main isolator/Breaker

b)  Suvitably rated power fuses for each switching stage of capacitors.

¢)  Triple pole capacitor switching contactor for each switching stage capacitors.

d)  Control circuit fuses / MCBs

e) R.Y.B Phase indication lamp

f) Voltmeter with phase selector switch

g)  Power factor meter

hy  Current transformer (installed in LV panel/ MDB)

i) Display for voltage, current, Apparent power (kVA), Reactive power (kVAr),
Reactive power (kVAr) to reach target PF in APFC relay, APFC relay to switch in
and oul capacitor banks as per PF requirements. '

1 MNumerical relays with minimum protection features, such as unbalance, over load,
under load, over and under voltage. over current and carth fault protection during
switching ON condition.

k)  AUTO/manual Selector switch shall be provided on APFC panel.

I}  Potential free contacts for breaker switching

m) Time delay for control steps settable in the range of | to 120 s. However, necessary
interlocks/ logic shall be provided to prevent “switching ON™ of that capacitor bank
which is under discharge cycle.

n)  LCD display of set point and actual PF, active/reactive power

o)  Remote disabling (ON/ OFF)

p)  Infoutl of service alarm to the substation control

q)  APFC panel shall support USB connection, which makes it possible to connect to a
computer via a LUSB cable OR RS232/ RS485 port to APFC controller to access all
APFC parameters on computer.

r) RI45/FOY any other port for communication on IEC 61850,

5) Bus bar voltage quality information (fundamental and harmonic load) shall be
available at both APFC and ECS

t) On/OFF indications for each step.

uj Interconnection between the main circuit breaker and power fuses shall be done by
rigid bus bars. Interconnection between the power fuses, contactors and the capacitors
shall be done by insulated flexible cables. All bus bars and cables shall be suitably
sized to carry the capacitor peak current.
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6.7.5

6.7.7

6.7.8

6.7.9

v)  All live parts shall be fully shrouded using polycarbonate or metallic shrouds. The
terminals of the capacitor shall also be provided with the standard terminal shrouds as
per capacitor manufacturer standard, However, HT insulation tape of requisite voltage
grade may be used al jointing points between equipment & busbhars where application
of shrouds is not possible.

w)}  Power factor regulator shall be microprocessor based. It shall be with a LCD display
to monitor and change the parameters. The regulator shall have soft keys to access
and change the parameters. It shall be possible to select the system voltage, current
transformer ratio, the type of switching etc. The regulator shall be common for ail
type and rating of capacitor panels.

The controller shall display locally and make available to ECS the following indications:

a)  Switching status of the individual bank
b)  Advisory mode

¢)  Auto Mode

d) Manual mode

In Advisory mode

a)  APFC function shall be automatically switched to the advisory mode in case of
switchboard bus bar fault or Incomer/ capacitor circuit breaker [ailure and in the
advisory mode, no switch commands are issued to the controlled bank.

In Auto mode

a)  The APFC relay shall automatically switch ON/ OFF the various steps of capacitor
bank to maintain the desired power factor by obtaining the required inputs from the
upstream switchboard,

In Manual Mode (Local- from APFC operator ¢console)

a)  The switching ON/OFF the various steps of capacitor bank to maintain the desired
power factor shall be performed by the person manually.

If one of the shunt capacitor banks is out of operation due to an internal fault, it shall be
automatically marked as unavailable for the APFC. Potential free contacts shall be provided
for capacitor trip/Alarm for remote monitoring purpose, to indicate bank is unavailable.

6.7.10 The following actions shall be possible from the operator console:

a)  Selection of Manual/Auto control mode. In auto mode, switching (ON/OFF) of
capacitor steps shall be though APFC controller. In manual mode, swilching
(ON/OFF) of capacitor steps shall be using ON/OFF push button.

) Edit the power factor reference in normal operation with paralleled transformers and
in operation with open bus-couplers: the switching of the power factor references
shall be done automatically if the bus-coupler opens for any reason: configuration of
the sequence in which the controllable devices will be switched on;

c)  If the fault occurs in the capacitor step during swilching ON condition, APFC
controller shall trip the capacitor step. If the same fault occurs next time, then
controller shall not allow switching ON operation of such capacitor bank steps until
fault is cleared.
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d)  Suspend automatically the capacitor switching (system [reeze) if the system detects
voltage outside a configurable bus voltage band; the maximum percentage of the
violated limit shall be editable.

6.7.11 The capacitor switching shall be timely coordinated with the on-load tap changer actions; a
sufficient time delay margin shall be allowed for the voltage control actions and for the
damping out of power frequency voltage transients before a APFC-initiated capacitor bank
switching. The bus PT voltage input shall be provided to the APFC controller. The APFC
controller shall take action as per bus voltage. The time delay shall be 10min for switching
ON the capacitor after switching OFF. Sufficient intermediate time delay shall be required
between capacitor steps switching ON.

6.7.12 APFC shall have real time clock tracks & logs date and record of each event and interval
record.

6.7.13 Password lock shall be equipped to APFC relay for bank setting protections from any
unauthorized access

6.7.14 Each APFC panel shall be suitable for 240V/ 110V AC or DC for control supply and/ or
measurements.

6.7.15 Supply of all cables between equipment supplied by the bidder is also included in the bidder's
scope. |f APFC panel and capacitor panels are placed separately and do not form the part of a
common panel, then the maximum cable length between each capacitor bank and APFC panel
shall be as specified in MR/ Tender/ datasheet.

6.8 Capacitor contactor

6.8.1 Vacuum type contractor shall be provided for each step of capacitor banks. The capacitor
contactor shall be of either single phase with synchronized operation for three phases or three

phase construction and shall be suitable for remote operation.

6.8.2 The capacitor contactor shall be suitable for indoor installation and shall have sealed weather
proof type construction,

6.8.3 The operating mechanism shall be either through solenoid or spring charging motor. The
control supply voltage for spring charging motor shall be 240V/ 110V AC or DC.

684 The capacitor contactor shall be suitable for min. 10000 electrical and min. 100000
mechanical aperations at the rated current

6.8.5 HRC fuse used shall be suitable to be used in series with vacuum contaclor.
6.8.6  Incase of an emergency, it shall be possible to trip the vacuum switch from a device.

6.8.7 Provision to check the no. of operation of the capacitor contactor shall be provided in the
APFC coniroller.

6.88 The contacior shall be of capacitor duty and suitable for back-to-back swilching of the
capacitor bank.

7.0 PAINTING AND MARKING

7.4 The enclosures of series reactor. RVT and casings of the capacitor units along with the
supporting framework (whercver applicable) shall be painted after suitable treatment with
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7.2

7.3

8.0

9.0

9.1

9.2

9.3

2.4

anti-rust paint. All metal surfaces shall undergo manufacturer’s standard cleaning/ painting
cycle. After preparation of the under surface, the panels shall be painted or powder coated
with two coats of epoxy-based acid/ alkali resistant final paint. Colour shade of final paint
shall be 632 of IS: 5/ RAL 7031 for all outdoor equipments and 631 of [S:5/ RAL 7032 for all
indoor equipments. All unpainted steel parts shall be suitably treated to prevent rust formation.
If these parts are moving elements, then they shall be greased.

All nuts and bolts shall be Cadmium plated or Zinc passivated.

The capacitor bank shall be provided with a stainless steel nameplate indicating the rating and
all technical particulars as per IS: 13925, The connection diagram indicating capacitors, scries
reactor, RVT and external fuses shall be shown on the rating cum diagram plate. Stainless
steel nameplates shall be provided on each capacitor unit to indicate the rating, technical
particulars and phase to which the unit is connected. For outdoor series reactor and RVT
similar stainless steel nameplates indicating the rating and identifying the terminals clearly
shall be provided.

SIZING CRITERIA

The offered capacitor bank in conjunction with the series reactor shall provide the specified
minimum net capacitive KVAR at the rated nominal voltage. The vendor shall size and design
the capacitor bank, series reactor and residual voliage transformer for the maximum
continuous overvoltage that can appear across each of these clements, considering system
valtage variation given in the data sheets and voltage rise because of series reactor. Insulation
levels for capacitor units and other elements shall be chosen accordingly.

Series reactor shall be sized such that it is capable of continunusly carrying the permissible
capacitor bank over current, as specified in 15; 13925,

INSPECTION, TESTING AND ACCEPTANCE

All necessary routine and acceptauce tests on capacitor units, series reactors & RVTs shall be
done in the presence of purchaser or his representative. Two weeks’ advance notice shall be
given to the purchaser to enable him or his authorized representative to witness the tests.
During the course of manufacturing, the purchaser or his authorized representative shall be
free to visit the works and assess the progress of work and the manufacturer shall render him
all possible assistance to do so.

For testing requirements, refer Inspection and Test Plan No. 6-81-1020. Prior notice of
minimum 2 weeks shall be given to EIL/ Owner for witnessing the final testing to ensure
satisfactory operation. Tests shall be carried out at manufacturer's works under his care and

expense.

All routine testing of the series reactor and RVT shall be carried out as per applicable
standards at the sub-supplier's works. Cenified test reports for the type tests conducted by
recognized testing agencies shall be submitted.

The type test and routine test on capacitor banks & its associated components shall be as per
ITP.

Format Mo, 8-00-0001-F1 Rev. O Copyright EIL - All ights reserved

Paage 2043 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



SPECIFICATION STANDARD SPECIFICATION No.

S os @ ROA R FOR
ﬂgﬂ_.-@!‘ﬂﬁ_%@ HIGH VOLTAGE §:51-0020 Rev. 7
CAPACITOR BANK Page 13 of 13

10,0 PACKING AND DESPATCH

All the equipment shall be divided into multiple sections for protection and ease of handling
during transportation. The equipment shall be properly packed for selected mode of
transportation, i.e. by ship/ rail or trailer. It shall be wrapped in polythene sheets before being
placed in crates/ cases to prevent damage to finish. The crates/ cases shall have skid bottoms
for handling. Special notations such as ‘Fragile’, *This side up’, *Center of gravity’, ‘Weight’,
‘Owner’s particulars’, ‘PO no.” etc. shall be clearly and indelibly marked on the packages
together with other details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The packing shall
be completely suitable for outdoor storage, in areas with heavy rains and high ambient
temperature. A set of instruction manuals for installation, testing and commissioning, a set of
operation & maintenance manuals and a set of final drawing shall be enclosed in a waterproof

cover along with the shipment
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Abbreviations:
BIS Bureau of Indian Standards
BS British Standard
CEA Central Electricity Authority
COB Chip On Board
DGMS Directorate General of Mines Safety
DOB Driver On Board
ES Edison Screw
FRLS Flame Retardant Low Smoke
FRP Fibre Reinforced Plastic
GI Galvanised Iron
HRC High Rupturing Capacity
IEC International Electrotechnical Commission
IEEE Institute of Electrical & Electronics Engineers
IP Ingress Protection
IS Indian Standard
LED Light Emitting Diode
LV Low Voltage
NABL National Accreditation Board for Testing and Calibration Laboratories
NEMA National Electrical Manufacturers Association
PCB Printed Circuit Board
PESO Petroleum and Explosives Safety Organisation
PVC Poly Vinyl Chloride
RCCB Residual Current Circuit Breaker
SPN Single Phase Neutral
SS Stainless Steel
TPN Three Phase Neutral
VDE Verband der Elektrotechnik, Elektronik und Information stechnik

Electrical Standards Committee
Convenor: Ms. Sumita Anand

Members: Mr. Parag Gupta
Mr. M. K. Sahu
Ms. ANP Singh
Mr. Harish Kumar
Ms. Shalini Verma
Mr. Raman Sood
Ms. Shirali Aggarwal
Mr. Rajesh Sinha (Inspection)
Ms. N. P. Guha (Projects)
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10 SCOPE

2.0
2.1

2.2

2.3

2.4

2.5

3.0
3.1

3.2

4.0

5.0

This specification covers the requirements of design, manufacture, testing, packing and supply
of flameproof plugs, sockets, transformers, hand lamps and accessories suitable for installation
in locations handling flammable liquids and gases/ vapours.

CODES AND STANDARDS

The equipment shall comply with the requirements of latest revision of the following

standards issued by BIS:

IS-5 :  Colours for ready mixed paints and enamels.

IS-10322 :  Luminaires

IS-13383 :  Photometry of luminaires - Method of measurement

IS-16101 :  General lighting — LEDs and LED modules — Terms and
definitions.

IS-16102 : Self-ballasted LED lamps for general lighting services.

IS /1IEC 60079-0 :  Electrical apparatus for explosive gas atmospheres
(General Requirements).

IS /1IEC 60079-1 :  Electrical apparatus for explosive gas atmospheres
(Equipment Protection by Flameproof Enclosures “d”).

IS /IEC 60529 . Degrees of protection provided by enclosures (IP Code).

IS /IEC 60947 LV switchgear and control gear.

National Lighting Code (NLC) 2010

In case of imported equipment, only IECEx (or equivalent, if more stringent than the
applicable IEC) certified equipment shall be used.

The equipment shall also conform to the provisions of CEA Regulations with latest
amendments and other statutory regulations currently in force in the country.

In case Indian standards are not available for any equipment, standards issued by IEC or
equivalent agency (if more stringent than IEC) shall be applicable.

In case of any conflict between requirements specified in various applicable documents for the
project, the most stringent requirement shall govern. However, Owner’s/ EIL’s decision in this
regard will be final and binding.

GENERAL REQUIREMENTS
The offered equipment shall be brand new with state of art technology and having proven field

track record. No prototype equipment shall be offered.

Vendor shall ensure availability of spare parts and maintenance support services for the
offered equipment for at least 10 years from the date of supply.

SITE CONDITIONS

The equipment shall be suitable for installation and satisfactory operation in classified
hazardous locations in tropical, humid and corrosive atmosphere as prevalent in refineries,
petrochemical and fertilizer plants. Unless otherwise specified, a design ambient temperature
of' 40° C and an altitude not exceeding 1000 m above mean sea level shall be considered.

CERTIFICATION

The equipment shall have test certificates issued by NABL-approved/ Central Government
labs in India/ IECEx-approved/ equivalent labs. All equipment (indigenous & imported) shall
also have valid statutory approvals as applicable for the specified location and marking as per
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6.0
6.1
6.1.1

6.1.5
6.1.6
6.1.7

IS/IEC 60079 or IEC 60079 and as required by statutory authorities. All indigenous
flameproof equipment shall have valid BIS license.

TECHNICAL REQUIREMENTS
Construction

The enclosures of the plugs, sockets, transformers and hand lamps shall be made of cast light
metal alloy.

The equipment shall be suitable for use in outdoor open locations and shall have minimum IP-
55 degree of protection. The sockets for fixed installation, i.e. 415 V three phase sockets and
240 V single phase sockets, shall preferably be provided with integral canopy. However,
where the enclosure has been certified without integral canopy, a separate canopy can be
accepted. The separate canopy shall be made of at least 1.6 mm (16 gauge) galvanised sheet
steel/ FRP/ stainless steel minimum SS-304 (as specified in purchase specifications). The
canopy shall be suitable for providing protection against rain from top, back and two sides.

The enclosures shall be provided with gaskets for IP, if required by equipment certification.
Gaskets, wherever provided, shall be made of non-inflammable and self-extinguishing
material.

All metal surfaces shall undergo manufacturer’s standard cleaning/ painting/ powder coating
cycle. After surface preparation, the equipment shall be painted with two coats of epoxy based
final paint or epoxy powder coated with minimum coating thickness of 80 microns, with
colour shade as below:

- Flame proof (Gas group IIA/ 1IB) : Dark admiralty grey shade 632 of IS-5/
RAL 7031

- Flame proof (Gas group IIC) : Light yellow shade 355 of IS-5/ RAL 1012

All unpainted steel parts shall be suitably treated to prevent rust formation/ corrosion. If these
parts are moving then these shall be greased. Grease, which does not solidify, shall be applied
to flamepath.

Equipment shall be marked as per IS/IEC 60079.
All accessories like nuts, bolts, washers etc. shall be made of stainless steel SS-304.

All the non current carrying metallic parts of the equipment shall be inherently bonded
together. The TPN sockets shall be provided with two earthing studs, with lugs on the exterior
of the enclosure, suitable for termination of 10 mm dia. GI wire rope. Internal earth terminals
shall be provided in each enclosure for all single phase plugs and sockets for connecting the
earth core of the cables.

The terminal block enclosures shall be adequately sized to properly terminate the cables by
taking into account the required bending radii of cable cores and shall have the following
minimum gland to terminal distances:

Conductor Up t0 2.5 mm> Above 2.5 mm? & | Above 10 mm* & | Above 35 mm* &
Size plos Up to 10 mm? Up to 35 mm? Up to 70 mm?

Gland to

terminal 35 mm 60 mm 100 mm 150 mm

distance

The sockets shall be provided with 2 nos. suitably sized cable entries at the bottom for
specified cable sizes and complete with 2 nos. flameproof double compression type nickel
plated brass flameproof cable glands. The plugs shall be supplied with 1 no. suitably sized
cable entry for specified cable size and complete with 1 no. double compression type nickel
plated brass flameproof cable gland. Each socket shall be supplied with 1 no. flameproof
nickel plated brass sealing plug, for plugging the unused cable entry.
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6.1.10 The sockets shall have external fixing lugs for mounting on wall or column. The holes

6.1.11

6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6
6.2.7

6.2.8

6.2.9

6.3
6.3.1

6.3.2

6.3.3
6.3.4

provided on these lugs shall be of oblong type.

A tag plate indicating Tag Number shall be provided on each socket. A nameplate shall be
provided to indicate the Name of Manufacturer, test certificate number, serial number, BIS
license number, applicable gas group etc. as per IS/IEC 60079 and any additional marking
required by statutory authority like approval no. etc. The nameplates shall be engraved type or
laser-marked and permanently fixed on the equipment. In case the standard details given
above are embossed on the enclosures, the same need not be repeated on the name plate. All
tag plates shall be engraved, 3 ply laminate fixed with screws and name plate shall be Al
anodized or SS-304 engraved or laser-marked and fixed with rivets.

Socket Outlets & Plugs

The sockets shall be provided with a switch and a mechanical interlock so as to break the
electrical circuit before the plug is completely withdrawn and make the circuit after the plug is
fully inserted.

In order to prevent accidental removal of plug from socket, the engagement and
disengagement shall be by two separate and distinct movement and positions.

415V, 63A three phase flameproof plugs and socket meant for welding receptacle/ any other
three phase auxiliary load, shall be provided with 4 pins (3P+E).

4 pin socket shall be provided with 63A, three pole heavy duty switch; whereas, 5 pin socket
shall be provided with four pole (TPN) heavy duty switch. Heavy duty switch shall be suitable
for AC duty rating as applicable.

Both 24V and 240V, 15A single phase flameproof plug and socket shall be provided with 3
pins (2P+E).

Provision shall be made so that it shall not be possible to insert 24V plug on to a 240V socket.

The sockets shall be provided with either a spring loaded hinged cover, or with a cap
connected through metallic chain, to close the same when not in service.

Scraping earth connection shall be provided between the plug and socket. Earth pin of plug
shall first engage with earth pin of switch socket.

The plug assembly shall be mechanically rugged, light and shall not unduly stress the socket
or its own pins when fitted on to the socket. The diameter of the earth pin of the plug and
socket shall be at least 1.1 times the diameter of the phase pins.

240V/ 24V Portable Transformer units

The 240V/ 24V portable transformer unit shall be supplied complete with 240V/ 24V
transformer having a 24V socket on the secondary side and 5 meter length of 3x1.5 mm?
copper conductor, PVC insulated, metal braided flexible cable, duly terminated in the
transformer primary at one end and having 240V plug on the other end. The socket outlets and
plugs shall meet the requirements of clause 6.2 above.

The 240V/ 24V transformer shall be designed for 30V A rating on continuous basis. Insulation
Class shall be "B", as a minimum. Automatic protection employing earth leakage detection
scheme with 30mA current sensitivity shall be provided to disconnect supply on occurrence of
an earth fault. 30mA RCCB (preferable)) HRC fuses shall be provided on primary and
secondary side of the transformer. The transformer shall have an earthed screen between
primary and secondary winding.

Suitable handle for carrying the transformer unit shall be provided.

Alternatively, 24V socket outlet (as per CI. 2.5 above) shall be provided with a built-in
240V/24V 30VA transformer duly protected by HRC fuse in phase on primary side. In this
case, a separate portable 240/24V transformer unit is not required.
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6.4
6.4.1

6.4.2

6.4.3

6.4.4

6.5

6.5.1

6.5.2

7.0

7.1

7.2

7.3

7.4

8.0

24V Hand Lamp units

Each hand lamp unit shall be supplied complete with 15 meter length of 3x1.5 mm? copper
conductor, PVC insulated, metal braided flexible cable, duly terminated in the hand lamp at
one end and having 24V plug on the other end. The plug shall meet the requirements of clause
6.2 above.

The well glass provided shall be clear and toughened type. Hand lamp shall be provided with
10W, 24V AC LED lamp with ES27 cap having minimum output of 900 lumens.
Alternatively, if specified in MR, it shall be with lens/ glass and 20W, 24V AC COB/ discrete
LED with driver/ LED PCB with DOB having minimum output of 1800 lumens. The
minimum output for 10W or 20W shall be guaranteed at 18V to 26V.

Hand lamp shall be provided with either galvanised steel or epoxy powder coated mild steel
protective wire cage using minimum 3mm welded steel construction and having mesh
dimension not exceeding SOmm x S0mm.

Suitable handle for carrying the hand lamp unit and a stand type guard suspension hook shall
be provided.

Terminals & Wiring

All equipments shall be provided with sufficient number of terminals. More than 2 wires per
terminal shall not be permitted. If required, additional terminal with shorting link may be
used. The terminals shall be suitable for termination of stranded conductors. Tinned copper
lugs shall be provided for cable termination.

All internal wiring shall employ adequately sized, 660V grade, FRLS type, PVC insulated
Copper conductor wires, colour coded for phase, neutral and earth, with minimum conductor
sizes as below:

TPN Plugs and sockets: 16 mm?

SPN Plugs and sockets: 2.5 mm?

INSPECTION, TESTING AND ACCEPTANCE

During fabrication, the equipment shall be subjected to inspection by EIL/ Owner or by an
agency authorised by the Owner, as per agreed Inspection Test Plan. Manufacturer shall
furnish all necessary information concerning the supply to EIL/ Owner's inspector. All
routine/ acceptance tests shall be carried out at manufacturer's works, under his care and
expense.

Type test certificates from NABL-approved/ Central Government Labs in India/ IECEx-
certified/ equivalent Labs, Manufacturer’s works test reports applicable PESO/ DGMS
approval and BIS license shall be shown to the inspection agency on demand during
inspection. The certificates, BIS license and PESO approval must be valid at the time of
despatch.

Test certificates of bought out components shall be submitted to the inspection agency, as per
Inspection and Test Plan no. 6-81-1021.

All equipments shall be subjected to various routine/ acceptance tests as per Inspection and
Test Plan no. 6-81-1021.

PACKING AND DESPATCH

All the equipment shall be divided into several sections for protection and ease of handling
during transportation. The equipment shall be properly packed for the selected mode of
transportation, i.e. by ship/ rail or trailer, and shall be wrapped in polythene sheets before
being placed in crates/ cases to prevent damage to finish. The crates/ cases shall have skid
bottom for handling. Special notations such as ‘Fragile’, “This side up’, ‘Center of gravity’,
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‘Weight’, ‘Owner’s particulars’,'PO no.” etc., shall be clearly marked on the packages
together with other details as per purchase order.

The equipment may be stored outdoors for long periods before installation. The packing
should be suitable for outdoor storage in areas with heavy rains and high ambient temperature
unless otherwise agreed. A set of instruction manuals for installation, testing and
commissioning, a set of operation & maintenance manuals and a set of final drawing shall be
enclosed in a waterproof cover along with the shipment.
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Abbreviations:

AC Alternating Current LAN Local Area Network

ACDE  AC Diseribution Board LCD Liquid Crystal Display

BIS Bureau of Indian Standards MCCE  Moulded Cagze Circuit Breaker

BS British Standard MC4 Multi-Contact with 4 mm dia.
comtacts ping

CEA Central Electricity Authority MNEE Ministry of New & Renewable
Ene

CPP  Captive power Plant MOV Metarglnyide WVaristor

CRCA  Cold Relled Cold Annealed MPPT  Maximum Power Point Tracker

T Current Transformer ME Mild Steel

D Direct Current NABL  Mational Accreditation Board for
Testing and Calibration
Laboratories

DG Diesel Generator NEMA Naticnal Electrical
Manufacturer’s Association

EIL Engineers India Limited PCU Power conditicning Unit

EMC  Electro Magmetic Compatibility PIV Peak Inverse Yoltags

EMI Electre Magnetic Interference PV Phote Voltaic

EPDM Ethylene Propylene Diene Monomer PVC Poly Yinyl Chloride

EVA  Ethyl Vinyl Acetate RFI Badio Frequency Identification

FF Fill Factor SAT Site Acceptance Test

FO Fibre optic SLD Single Line Diagram

FRLS Flame Retardant Low Smoke SPD Surge Protection Device

FREP Fibre-Glass Reinforced Plastic 8PV Selar Photo Voltaic

GI Galvanised Iron STC Standard Test Conditions

GRP Glass Reinforced Plastic TPN Three Phase Neutral

HMI Human Machine Interface Uy Ultra Violet

IEC International Electro-technical W Volt

Commissicn
IEEE  Institute of Electrical and Electronics Vo Maximum Power Yoltage
Engineers

IGBT Insulated Gate Bipolar Transistor VT Voltage Transformer

Ly Maximum Power Current W, Watt peak

IF Ingress Protection XLPE  Cross Linked Poly Ethylene

IS Indian Standards XLPO  Cross Linked Poly Olefin

IB Junction Box
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<0 o @ R LRATED

T TN A p ) 1. Dl il e L Ticlirlmiorng

1.0 SCOPE

1.1 The intent of this specification is to define the fonctional and design requirements for Grid
Connected Sotar Photo Voltaic (SPV) Power System installed on building roof top meant for
generating electrical energy from solar energy. This specification also covers the requirements
for selection, design, engineering, manufacture, testing at manufacturer's works, packing &

dispatch, installation, testing and commissioning at site of the system.

1.2 The contractor shal! be responsible for design, engineering and manufacturing of the complete
system to fully meet the intent & requirement of this specification and job specification/
datasheets. Contractor shall ensvre that the design, product selection and installation are
carmied out as per good enginesring practices, which shall also include the requirements of

safety, reliability, ease of maintenance and operation.

Compliance with this specification and for approval of any of the contractor's documents shall
not relieve contractor of his responsibility towards the completeness and satisfactory operation
of the Solar Photovoltaic Power system.

.3

240 CODES AND STANDARDS

21 The equipment & system shall eomply with the requirements of latest revision of TEC and

relevant BIS and other Indian/ Internationat standards as applicable including the foflowing:

a) IEC 62446: Grid conngcted photovoltaic systems — Minimum requirements

for system decumentation, commissioning tests and inspection.

by IEC61215/1I8 i4286: Design Qualification and Type Approval for Crystalline Silicon

Terrestrial Photovoltaic (FY) Modules

¢l IS/ IEC 61701: Salt Mist Corrosion Testing of Photovoltaic (PV) Modules
d) IECH1853-1/18 Photovoltaic (PV) module petformance testing and energy
16170-1: rating —: Drradiance and temperature performance measurements,
and power rating
el ITECA1730-1, 2 Photovoltaic (PV) Module Safety Qualification —
Part 1: Requirements for Constriction,
Part 2: Requirements for Testing
fy IS/IEC 60947 Low-voltage switchgear and control gear
£ IEC 62759-1: Photovoltaic {PY) modules — Transportation testing, Part 1:
Transporiation and shipping of module package units
hy IEC62109-1,2 Safety of power converters for use in photovoltaic power
systems Safety compliance (Protection degree IP 65 for outdoor
maunting, 1P 31 for indoor mounting)
i} IS/IEC 61683: Photovoltaic Systems — Power conditioners: Procedure for
Measuring Elliciency
B BS EN 50530 (IEC Overall efficiency of grid-connected photoveltaic inverters
62891}
k} IEC 62114/ IEEE Utility-interconnected Photovoltaic Inverters - Test Procedure of
1547 UL 1741: Islanding Prevention Measures
I3 IEC 60255-27: Measuring relays and protection equipment - Part 27: Product
safety requirements
m} [EC &0068-2 Environmental Testing of PV System — Power Conditioners and
(1,2,14.27 30 & &d4); Inverters
n}y LEC&1000-235: Etectromagnetic Interference (EMI), and Electromagnetic
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22

2.3

2.4

25

2.6

2.7

K

EN

32

33

Compatibility (EMC) testing of PV Inverters {as applicable)

oy [EC 62053 & [EC Design Qualification Environmental Testing.
60068-2:
iy BSENS0618: Electric cabies for photovoltaic systems (BT{DEMNOT238),

mainly for DC cables

q} IS/IEC 60547- 1, 2 General requirements for connectors- safety

r

3; EN 50521:

1 IEC 60269-6: Low-voltage fuses - Part 6: Supplementary requirements for
fuse-links for the protection of solar pholovoltaic energy
systems

59 IEC 62208 & [EC General Requirements for Junction Boxes/ Enclosures.

60520:

ty  IEC 62124: P¥ Standalong system design verification

u) IEC al364-7-712: Electrical instzllation of buildings Requirements for SPV power
supply sysiems

vy [EC 6l643-11:2011 Low-voltage surge predective devices - Part 11: Surge protective
/15 15086-5: devices connected to low-voltage power svstems - Requirements
and test methods

w) IEEE 519 Becommended practices and requirements for harmonics control
in ¢lectrical power systems
x) NBC 216 National Building Cede of India 2016

Any other regulations laid down by the Central, State or Local Authorities from time 1o time
shall also be referred.

In case of imported equipments, standards of the country of origin shall be applicable if these
standards are equivalent or stringent than the appliceble Indian standards.

The equipment and system shall comply with the Naticmal Solar Mission guidelines of India
and MNRE guidelines & specifications.

The equipment shell also conform to the provisions of CEA regulations and other statutory
regulations currently in force in the country.

In case Indizn standards are not available for any equipment, standards issued by IEC/BS/
{EEES or equivalent agency shall be applicable.

In case of any contradiction between various referred standards/specificationsfdata sheet angd
statutory regulations, the most stringent requirement shall govern and decisian of owner in this
regard shall be inal & binding.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of art technology and proven field track
record, No prototvpe equipment shall be offered.

Vendor shall ensure availability of spare parts and maintenance support services for the
offered equipment at least for 10 years from the date of supply.

Vendor shall give a notice of at least one year to the end user of equipment and EII before
phasing cut the predduct/spares o enable the end user for placement of order for spares and
Services,
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4.0
4.1

4.2

4.3

50

31

52

53

SITE CONDITIONS

The SPV system shall be suitable for installation and satisfactory operation on the roofiop of
buildings located in a tropical, humid and corrosive atmospherc.

All the equipment shall be suitable for the site conditions specified in the enquiry document/
data sheets. If not specifically mentioned therein, a design ambient of 40°C, an altitude not
cxceoding 1000m above mean sea level and maximum wind velocity as mentioned in
datasheet! job specification shall be considercd.

All equipment of the system are intended for continuous duty opcration, as per nameplate
rating under the specified ambient conditions, unless indicated otherwise.

SYSTEM DESIGN REQUIREMENTS

The equipment and materials shall be designed for the following grid power suepply conditions
unless otherwise mentioned:

a) Grid Supply (at the point of interconnection)

1)  Voltage c413 VAC + 10%

i) Frequency : 50 He £ 3%

i) Maximum Fault Level (for 1 second) : Refer data sheet

iv) System Newtral Earthing : Sohdly earthed (unless otherwise specified)
v) Mo, of Phases : TPN

by SPY System Voltages

i) PV module voltage/ array voltage : To be decided by the Contractor
iiy Power Conditioning Unit input voltage : To be decided by the Contractor
iif) DC volage : To be decided by the Contractor
iv) Power Conditioning Unit output voltage 1413 V TPN, 50Hz

System Description & "ower Evacuation

The main intent of grid connected PV solar system shall be to convert solar energy to gencrate
clectricity. The clectricity generated shall be directly connected to the power system at 415V,
The solar system shall be photovoltaic based in which arrays of photovoltaic (PV) modules
shall be insialled on building roof top under clear sky, shade free, tilted towards south at an
optimum inclination, Contractor shall perform the analysis for finalizing the location,
direction & inclination angle of the 'V arrays.

The PV arrays shall convert solar energy and gencrate DXC eleetefeity, which shall be collected
using array junction box and/ or main junction box and finally fed into power conditioning
unit {PCU). The PCU shall converi DC power to three phase AC power at 415V voltage and
shall be hooked up to 415V power supply system of substation/ building electrical system/
plant electrical system/ grid (Grid/DG/ CPP etc.) after automatic synchronization. In case of
antar PV system out of synchronization due to ynd/ plant electrical supply failure, or duc to
low/! high grid voltage, the PV system shall get disconnected from the grid. Once the healthy
rrid supply is available, PV system shall again automatically synchronize with grid supply and
would feed energy/power inte electrical system.

Major Items & Components of the SPV system

The Grid connceted Solar Rootiop Photo Voltaie (SPV) system consists of SPV array, Module
Mauenting Structure, Power conditioning Unit {PCU) having Maximum Power Point Tracker
(MPPT) and controls & protections, interconnecting cables and junction boxes ste. PV arrays
shall be mounted on suitable structures. Grid Connected SPV system shall be without battery
and shall be designed with necessary features to supplement grid power during day time.
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Solar PV system shall consist of following equipment/ components as minimum. Any other
tquipment / component required for completeness & operation of the system shall be provided
hy contractor:

4} Solar PV Modules/Pancls, Crystalling type
b} Grid Connected/ On-grid Power Conditioning Unit with MPPT units

<) Mounting Structures
d} AC Distribution hoard

g} Junction Boxes

f) Data Acquisition and monitoring system including weather monitoring instruments

g} Cables, Pipes, conduits, accessories, glands, lugs etc.
h} Earthing, Lighining, over voltige & Surge Prolection
1y Fuses/ Switches/ Circuit breakers! Conmectors

54 Design / Selection Criteria of the System

a)

k)

f)

The quantity of solar modules, W, rating of each solar module, number of PCU and AC
output rating of PCL shall be decided by contractor considering the lotal capacity of the
SPV system required as per the Job specification.

Contractor shall ensure proper system degigning that would include consideration of
accurate solar irradistion data, resulting in the correct sizing of equipment for the solar
power gystem and get the same approved from the EIL/ Owner. Proper design and
componient sizing procedures as per acceptable standards shall be adopted. Contmctor
shall provide the detailed energy generation calculation (daily/ monthly /yearly} and other
analysis reports with the help of internationally accepted sofiware (e.g. PVSyst) during
detailed engineering,

All PV Modules shall be of same make and rating and shall have identical characteristics.

The solar PV madules shall be tilted towards south. The tilt angle shall be [ixed based on
the availability of maximum antiual solar insolation {kWh/m'-day) ar particular tilt based
on optimum inclination analysis.

Full rated PCU shall be provided i.¢. oveorloading capacity available in the PCU shall not
be nsed to meet the peak rating of power evacuation from PV Systerm. PCU rating shall
be finalized considering poorly ventilatod non air conditioned room! outdaor installation
as per the job specification.

PV Amay Configuration

The solar Array shall be configured in multiple no. of sub-arrays, providing optimum DC
power o suitable number of sub arrays. Contractor shall furnish the design indicating
configuration of PCU and respective sub arrays. While ensuring full compatibility
between PV array and PCUJ, contractor shall consider the following aspects and the
calculations shall be submitted for review:

i.  The number of PV modules per string in an array shall be decided such that MEPT
DC valtage range is not violated inder site condition. All strings shall be idencsl
w.r.t number of modules and their ratings & characteristics. For achieving identical
strinps, if more number of PV modules are required, the same shall be provided.

ii. The peak-power point voltage and the peak-power point current of any module
andfor any module string (series connected modules) shall ot vary by more than 2
{two) per cent from the respective arithimetic means for all madules andfor for all
module strings, as the case may be.

Format Mo, B0 -F1 Rev ¢ Copynght EEL ~ All nghts resened



SPECIFICATION FOR STANDARD SPECIFICATICN No.

ST o) ENCINEERS GRID CONNECTED ROQFTOP
ﬁﬂ@%@!?ﬂfmwm SOLAR PHOTOVOLTAIC POWER 010022 Rev.0

SYSTEM Pags 8 of 21

6.0

6.1

g)

iii.  As far as possible, all PCU shall be of identical ratings. Alt PCUs shall be of same
make. Grid Connected String inverter with MPPT shall be provided. For a solar PV
system, the AC combined waltage of all inverters shall not be less than the rated DC
capacily of the PV plant at STC. For a solar PY system, smaller rating of multiple
inverters can be provided and AC output from all inverters shall be fed t0o ACDB of
that systein. One feeder from ACDH3 shall evacuate power to 415V switchboard in
substation/ building electrical system.

iv. The maximumn open circuit voltage of the arrays shall not violate the maximum DC
voltage that the PCU can accept under minimum site letnperalure.

v. Contractor shall suitably decide seties parallel combinalion of PV modules, DC
voltage for array, DC input voltage of PCU etc. Contractor shall finalize suitable
scheme for solar power evacuation ensuring grid connectivity at 415 V. However,
string cutput voltage/ DC array voltage/ PCU input voltage shall be highest possible
DC voltage considering the optimum energy generation as per the PCU MPPT range.

vi. The array output shall be well within the input voltage range of the inverter so that
inverter works in MPPT range for most of the solar insclation range.

vil. The automatic synchronization facility of solar power and ymid power shall be

provided at PCU only. PCU shall adjust voltage & frequency levels to suit the ynid
supply. Synchronization at any other lacation in the system is not acceptable.

The complele solar system layout shall be developed by contractor indicating all modules,
mounnting structures, PCUL JBs etc. The solar system including mounting structures shall
have required walkways at intervald for movement of personnel for operation &
maintenance.

EQUIPMENT SPECTFICATIONS

Equipment and material shall conform to the following specifications as well as site & systemn
conditions defined elsewhere in the enquiry document. The equipment shall be manufactured
in accordance with current Indian/ International Standards. In absence of specification for any
equipment’ system, the specification shall be developed by contractar and shall be approved
by the EIL/ Owner. All similar matenals and removable parts shafl be uniform and
interchangeable with ane another.

Solar Photo Yoltaic Modules

a)

b)

d)

Solar PV module array shall consist of high efficiency Solar Modules utilizing Crystatline
Siticon solar PV cells. Individual Solar module rating shall not be less than 300Wp at
standard test conditions. Preference shall be given to bigger Solar PV module (= 300
Wpl.

Crystalhing high power cells shall be used in the Solar Photovoltaic module. Solar module
shall be laminated using lamination technology with established polymer (EVA} and
Tedlar / Polyester laminate. The solar modules shall have suitable encapsulation and
sealing arrangements to protect the silicon cells from the environment. The arrangement
and the material of encapsulation shall be compatible with the thermal expansion
properties of the silicon cells and the module framing arrapgement / material, The
encapsnlation arrangement shall ensure complete moisture proofing during life of the
sotar modules,

All materials used shall be having a proven track record of reliable and stable operation in
external outdoor applications.

Module rating is considered under standard lest conditions (STC), however, solar
modules shall be designed to operate and perform in relative humidity up to 100% with
temperatures between -10°C & +65°C and withstand gust as per the wind zone of the

Fonmat Mo, 8-00-0001-F1 Rew. 0 Copyrght EIL — All nights reserved
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)

)

),

k)

location from back side of the panel. The Geological data of site shall be referred for
design to get optimum generation.

Protective devices against surges at the PV module shall be provided. Low voltage drop
bypass diodes shall be provided.

The PV modulcs shall be suitable for highly comosive atmosphere throughout their
lifetime.

PY modules must qualify as per relevant ISTEC standards {tcst reports/ certificate from
[EC/NABL accredited labaratory shall be furnished). Additionally the performance of PV
modules al STC conditions must be tested and approved by one of the IEC / NABL
Aceredited Testing Laboratories including Solar Encrgy Centre of MNRE. (malification
certificate from IEC/NABL accredited laboratory as per relevant standard for PV modules
shall be accompanicd with the STC report/ certificate.

Solar PV Module design shal! conform to following requirement:
i.  Toughened, low iron content, impact resistant

.  High transmissivity front glass.

iii. Ancdized Aluminiozn frame.

iv. Ethyl Vinyl Acctate {EVA) encapsulant.

v.  Scalant around laminate.

Weatherproof DC rated connector and a cable as a part of the moduic shall be provided
for making connections easier & secure and not allowing for any loose connections.

Modules shall be resistant to water, abrasion, hail impact, humidity and other
environment factor lor the worst site conditions/ situations.

Each module shal! have low iron tempercd glass front for strength and superior light
transmission. It shall have tough multi-layered polymer back sheet for environment
protection against moisture and provide high vollage electrical insulation, Transmitivity
of glass shall not be less than 91%.

The fill factor of modules shall not be Jess than 0.72.
The rated output of any module shall have maximum tolerance of £3%.
Photo-electric conversion cfficicncy of SPY module shall not be less than 15% at STC.

Each PV module must have a RF identification tag (RFID}. The [ollowing information
must be mentioned in the RFID used on each module. This can be ingide or outside the
laminate, but must be able to withstand harsh covironmenta! conditions.

i. MName of the manulacturer of PV Modulc
ii. Name of the Manu lacturer of Solar cclls
iii.  Month and vear of the manufacture (separately for solar cells and module)
iv. Country of origin {separately [or solar cells and module)
v. |-V curve for the module
vi. Peak Wattage, Im, ¥m and FF for the module
vil.  Unique Scrial No. and Mode! No of the module

viil. Datc and vear of obtaining [EC PY module qualification certificate

ix. Name of the test lab issuing IEC certificate

X, Other relevant information on traceability of solar cells and module as per ISO 5001
and 150 14001
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p)

q)

The module shall be provided with a junction box with either provision of external screw
terminal gonnection or sealed type and with arrangement for provision of by-pass diode.
The box shall have hinged, weather prool cover with captive screws and cable gland entry
points of may be of sealed type and shall be IP-65 rated designed for long outdoor
operation in harsh environiment.

I-V curves at STC for modules shall be fumished.

6.2 Power Conditioning Unit

a)

b)

¢)

d)

e)

f

Power Conditioning Unit shall convert DC power genersted by SPY array into 3 phase
415V, 50 Hz AC power to be connected to grid/ plant electrical system. [t also provides
necessary protections for prid synchronization and data logging & monitoring. The DC
energy produced shall be utilized to maximum and supplied to the DC bus [or inverting to
AC voltage with the help of power Conditioning Unit using its Maximum Power Point
Tracking (MPPT) which shall be part of the PCU. MPPT shall extract maximum energy
from solar. MPPT voltage rimge shall be selected for wider voltage range and MPPT shall
be of very high efficiency as per the applicable codes.

i.  The PCU shall have protections such as, over current, short circuit, earth fault, over
temperature, internal proteciion amangement againsi any sustained fault etc.

ii. The PCU shall be destgned for continuous reliable power supply, minimize the sk
of short circuit and shall ensure human & operational safety.

ili.  The PCU shall have buikt in metering and data logging arrangement for momtoring
plant performance.

iv.  The PCLI shall be designed to be completely compatible with the SPV array voltage.
Minimum open circuit DC voltage suitability for PCU shall be 1000V DC.

v. MPPT controller, inverter and associated control and protection devices etc. shall be
integrated into the PCLI

vi. The PCU shall have amangement for adjusting DC input current and should trip
against sustainable fault downstream and shall not start till the fault is rectified.

The PCU shall automatically turm on and turn off successively as the available solar
irradiation varies over the day. The PCU shall have all necessary synchronization
equipment installed and shall be able to synchronize independently and automatically/
phase lock wilh grid power supply to altain synchronization,

The 3 phase Grid connected PCU shall incorporate latest technological advances to
provide highly reliable and efficient energy conversion from DO to AC. The PCLI shall
incorporate system design which uses multiple power stakes which work in tandem. Both
AC & DC lines shall have suitable fuses/ contactors/MCCUB to allow safe start up & shut
down of the system. Fuses used in the DC circuit shoutd be DC rated. The PCLU shall be
complete with all protection, metering, alarm, annunciation, indications as required.

The power conditioning unit shall be three phase static solid state type with integrated
system comprising static inverter, controller, input & output contactors, line filters, EMC
filters and protection devices and all other equipment’ accessories required for
completeness of the system whether specifically mentioned herein or not, but necessary
for completeness and satisfactory performance of the system.

The inverter shall be efficient with IGBT based reliable design. The control system shall
be of highest reliability based on microprocessor / Digital signal Processor design.

The FCTI manufacturer shall be responsible for design, engineering and manufacturing ol
the complete PCU system to fully meet the intent and requirements of this specification
and enclosed data sheets. Selection, sizing and suitability of all equipment and
components used for PCU system sha!l be PCU manufacturer’s responsibility.
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£)

h)

i)

All breakers! contactors shall be adequately rated for contimnous tating as well as
breaking capacity as applicable. Paralleling of breaker/ switch/ contactor poles to achieve
the required current rating is not acceptable. All DC input isolating device shall be double
pole type.

All electronic power devices including transistors (IGBT), diodes etc. shall be rated under
operating conditions for approximately 200% of the maximum current camied by the
deviee. All other electrical components such as transformers, reactors, breakers,
contactors, switches, bus bars ete. shall be rated for at least 125% of the maximum
required rating. No electronic device shall be subjected to PIV greater than 50% of its
rated value,

PCU shall have wser friendly LEDY LCD display & keypad for syslem control,
programming, monitoring, change set points and for viewing on line parameters such as
DC power input, DC input valtage, DC current, AT power output, AC voltage (all the 3
phases and ling) and AC enrrent (ail the 3 phases and line}, cumulative output energy in
KWH, power factor, {requency, PCU operating state status, various fault conditions ete.

PCU performance parameters:

i. The tota! harmonic distortion and individual harmonics level shall be less than 3%
for both voltage and current harmonics.

ii. DC nipple content shall be less than 3%.
iii. Safety from grid power failure inclnding under-voltage, overvoltage or any other

fault conditions.

iv. The efficiency of the PCU shall be minimum 96%. The PCU shall be transformer

less design.

v. PCU shal! have internal protection arrangement against any sustained fault in the

feeder line & against lightning strikes in the feeder line.

vi. PCU shall have required protection arrangement against earth leakage fauits.
vih. DC output side shall have svitable DC rated contactor/ MCCB/ other protection

devices for protection & isolation. AC output side shall have suitable AC rated 4
pole TPN switch/breaker with protection devices for isolation purposes.

viil. The minimum indications through LEDs/ LUD display shall be as follows:

k)

y

Inverter ON

Grid ON

Grid/ Tnverter under voltage / over voltage
Inverter over-Joad

Inverter over tetnperatore

Earth fault

PCU shall be able to withstand an vnbatanced Grid! Electrical system conforming to
relevant IEC/ 1S standard.

PCU shall have communication facility and all the data related to metering, operating
status, faults etc, shall be hooked up to Data moniloring system.

* 8 B » = ¥

PCU Operational Requirements:

i.  The PCU inverter shatl be designed such that it follows grid voltage & frequency
and shall operate without any problem for normal fluctnations of grid voltage &
frequency. The PCU shall be suitable for synchronizing with grid supply voltage
variation range of +12.5%, -20% and frequency variabion range £3%. PCU invenier
shall follow grid frequency up ta £3Hz of the normal output frequency.
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ii.

v,

vi.

The PCU shall be provided with aute wake up feature such that PCU mverter shall
be able to wake up when the available power from the PV array is mote than the
total loss of the inverter system. As the available power from the PV amay changes
with weather condition, the wake up algorithm shall be adaptive in nature.

The PCU shall be able to synchronize AC output with the grid power supply and
shall close output contactor/ breaker when the synchronization parameters {voltage
difference, frequency difference and phase angle dilference) are complied.

The power cantrol scheme ol the PCU shall [ollow the maximuwm output from the
PV array determined by the level of solar radiation on the DC side and shall employ
maximum power point tracking (MPPT) control capable of constantly obtaining the
maximum enetgy from the amay according to the quantity of solar radiation and
temperatire,

Ag the PCU shall be opetating in parallel with the grid power supply, it shail be
capable of interrupting line-line fault currents and line-to earth fanlt corrents.

The PCU shall have following modes of operation:

+ Standby mode — The PCU shall operate in this mode when PV array does not
have enpugh power capacity to maintain PCU inverter losses or PCU has
responded to & fault condition and fault condition has been cleared. In this maode
PCU shall remain idle, disconnected from PV array as well as from grid. The
inverter shall remain in this mode until PV array voltage exceeds wake up value
and enter inta system wake up test mode.

+ Wake up test mode — After PV array voltage exceeds wake up value, the PCU
control system shall continuously monitor PV array voltage for certain duration
before making transition to power tracking mode. If the PV array voltage drops
below wake up value during test doration, PCU shall enter into standby mode.

= Power tracking mode — This shall be main operating mode of the PCU under
normal operating condition. In this mode maximum power point tracking
algorithin shall be lunctional which shall extmact maximum power from PY amay
under varied conditions of solar irradiance and temperature.

s Sleep mode — Whenever PCUJ output power drops below certain thresheld limit,
PCU enters nto sleep mode and wait [or certain duration. Within this duration if
PCU gutput power exceeds threshold limit, PCU re-enters into power iracking
mode, otherwise PCU goes into standby mode.

+ Shutdown mode — The PCU shall operate in this mode whenever fault conditions
will be responded. The PCU shall disconnect itself from PV array as well as from

grid.

n) PCU Protecuve functions

il

The PCU shall be provided with anti-islandiog control and protection such that in
case of prid supply failure, PCU shall stop exporting power to the grid/ power
5ysten.

The PCLJ shall be able to senze the following situations and ascordingly shotdown &
disconnect itsell from the grid as well as from PV array:

* (rid power supply over voltage & under voltage,

» Grid power supply over frequency & under frequency.

= AC over currant & eatth faplt

Protection against islanding.

Loss of any phase of the grid power supply.

D} bus avervoltage & onder voltage

DC bus over current & earth fault

Device over temperature/ system temperature rise, heat sink over temperature
Short eircual

Array earth favlt detection
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P

5)

iii. The PCU shall sense reverse polanly of DC connection, provide warning and shall
remain in standby mode,

iv.  The PCU shall be provided with surge arrester (metal oxide varistor) both at AC and
DC side to protect the system from lighining & switching surges.

v. Cooling system shall include adequate cooling airflow path, module cooling fan and
il necessary, panel cooling fan. Vendor shall ensure that the panel dimensions and
flow paths have been designed for continuous running at the specified ambient
without overheating. For fan cooled PCU, redundant ventilating fans (IN+1) shall be
provided. Necessary starters shall be provided within the PCU panels for these fans.
In case, redundant cooling fan is not possible to be mounted, same shall be supplied
loose. Fans shall be equipped with monitoring facilities to provide an alarm/
indication in the event of fan failure,

vi. A suitably sized earth bus shall be provided at the bottom of the pancls with
provision for ¢arth connection at both ends to main earth grid. The minimum size of
earth bus shall be 25 x 3 mm?® Copper {or equivalent Alummium). Al potential frec
metallic parts of various equipments shall be carthed suitably to ensure safety.

Maximum nocise level from PCUT at 1 meter disiance, under rated load condition with all
normal cooling fans shall not exceed 75 dBA.

The PCU shall be housed in sheet steel panel. The panel shall be fabricated from structural
{ CRCA sheet steel. The panel shall be free standing floor mounted or wall mounted tpe
as per job specification/data sheet, fitted with suitable lovers for ventilation and cooling
fans as required. Dust tight gaskets shall be provided. The enclosure shall provide
minimum [P-31 degree of protection for indoor panel and IP-65 for outdoor panel.
Canopy shall be provided for outdoor PCU.

The PCU shall be located indoor or outdoor as specified in the job specification/data sheet,

The PCU/ mverter should have been tested from the MNRE approved test centers /
NABL/ BIS/ IEC accredited testing — cahibration laboratories. In case of imported BCU,
these should have been approved by international test houses.

The PCU shall comply with applicable IECS equivalent BIS standards for efficiency
measurements and environment test.

63 ACDSB {AC Distribution Board)

a)

b)

d)

e)

The AC power cutput of all the inverters shall be fed mto the ACDBs (one or multiple
mumber of ACDBs as per requirement and job specification/ SL.D).

ACDB shall be floor mounted or wall mounted type as specified in the job specification/
data sheet and compartmentalized. The minimum IP-31 degree of protection shall be
provided for indoor ACDB and IP-65 for outdoor ACDB. Canopy shall be provided for
outdoor ACDR.

ACDB shall have required number of feeders for connecting with all the inverters in the
5PV system plus [0% additional spare feeders {minimum of 1 no. of each type and
rating}. All inverters of the PY system shall be connected to ACDB of that system ie.,
AC power penerated from all inverters shall be combined in ACDBs and combined power
from each ACDB shall be fed to the substation / building switchboard.

All incoming feeders {from PCU) and outgoing feeder (to substation { building
switchboard) shall be provided with MCCB. The MCCB shall be microprocessor based
with over-current, short circuit & carth fault protection with shunt trip facility. MCCBs
shall be 4 pole type.

Outgoing feeder feeding the substation / building switchboard shall have analogue
ammeter, vollmeter and integrated Digital Multi-tunction Meter which includes energy
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2}

h)

metet. The Digital Multi-function meter including enetgy meter shall have
communication facility and same shall be hooked up to data monitoring system. Digital
Multi-function meter along with CT/V'T shall be of accuracy class 0.5,

Fault level of ACDE shall be same as that of 415V switchboard in substation/ building
electrical system at which the power is to be integrated.

Continuous current Rating of the ACDB shall be as per maximum installed capacity of
the PV system (AC inverter maximum ratings or DC installed power KWp whichever is
highet) and 10% highet! spare rating.

The ACDB shall be located indoor or outdoor as specified in the job specificationfdata
sheet

.4 Junetion Box (AJB/ MJIRB/ DCJIB)

&)

b)

f)

The Junction Boxes (JBs) shall be made of GRP/FRP/Powder coated Alominum/ cast
aluminum alloy / GI enclosure having Ingress Protection class of IP-65 with adequately
sized screwed / screw-less terminals inside and also with full dost, water & vermin proof
arrangemsnt.

The terminals shall be connected to bus-bar arrangement of proper sizes as required. The
junction boxes shall have suitable cable entries fitted with cable glands/ lugs/MC4
connectors of appropriate sizes for both incoming and outgoing cables. All wires/cables
must be terminated through cable lugs/ suitable PV system DXC conneclors. Suitable
markings shall be provided on the bus-bars for easy identification and cable ferrules shail
be fitted at the cable termination points for identification

The junction boxes shall be suitable for solar FV system application and also applicable
I8/ IEC codes and MNEE recommendations’ requiretnent.

Copper bus bars/terminal blocks housed in the junclion box shall be with suitable
termination threads conforming to IP65 standard and doorfcover with TPDM rubber
gasket to prevent water entry. Provision of earthing shall be provided in junction boxes,

The Array Junction Box shall have high quality suitable capacity metal oxide varistors
{MOVs)/ 5PDs and suitable Reverse Blocking Diodes. The Array Junction box shall also
have suitable surge protection. The Junction Boxes shall have suitable arrangement for
the following.

i- Provide arrangement for disconnection for each of the groops.

ii. Combine groups of modules into independent charping sub-arrays that shall be wired
inio the controHer.

1. Provide atest point for each sub-group for quick fault location
1v.  To provide group array isolation.

v. The current carrying ratings of the junction boxes shall be suitable with adequate
safety factor to inter connect the solar PV array.

As far as possible, JBs shall be placed at 1.5 meters height or above for case of
accessibility.

6.5 Data Acquisition and Plant Monitorinz System

a)

b)

The Data Acquisition & Monmtoring Sysiem shall cover the compiete solat PV system.
Onge set of weather monitoring instruments shall be provided unless otherwise speciticd.
The data monitoring system & data loggers of the PV system shall be suitable for
integration wilh weathet monitoring imstriments.

The data acquisilion, momitoring & data logping system shall provide facility Tor plant
monitoring, fault analysis, time & date stamped system data lops for analysis with
suitable laptop’ desk top computer and shall allow  visuahization, momtoring,
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d)

g)

commissioning and service of the S5PY system. Metering and instmmentation for display
of sysiems parameiets and status indication shall be provided. The data monitoring
systenl/ data-logper shall have the provision of interface of complete data through
MOCDBUS TCP/AP protocol with RJ45 port or any other protocol as defined in Job
Specification’ datagheet. Data monitoring software for data analysis shall be provided.

The data acquisition, monitoring & logging system shall be either web based or
interconnected with the owner’s substation automation system as defined in the job
specificalion/ data sheet.

For web based system, it shall be possible to access the data lopger with any standard web
browser and relevant softwars/hardware required shall be supplied by contractor for
monitoring & data downloading. In addition to web portal, it shall be possible Lo retmieve
data directly from data acquisition & monitoring system. Complete data of monitoring
system as per this specification including all inverters, weather moniloring systems,
Digital Multi-function meter in ACDBs etc. shall be accessible and downloadable from
the data monitoring software via internet/ web access in laptop / desktop computer with
required avihenticalion.

For substation automation interconnected system, the SPV data monitaring system/ data-
loggers shall be connected to the owner’s Data Concentrator / Ethernet Switches or
Owner's SCADA or ECS RTU localed in the substation as mentioned in the Job
Specification’ data sheet. In this regard all necessary provisions shail be considered in the
data monitoring & data logger system by contractor. Complete data related to data
monitoring system including all inverters, wealher maonitoring systems, Digital Muit-
function meters (including energy meter) in ACDBs etc. shall be available in the
substation data concentrator /HMI. Cables for interconnection up to data concentrator
Ethernet switches shall be provided by the contractor.

Weather Monitoting Instruments as per the following shall be provided:

i. Solar Imadiance: An integrating Pyranometer / Solar cell based irradiation sensor
(along with calibration certificate) shall be provided, with the sensor mounted in the
plane of the array. Readout shall be integrated with the data logging system.,

ii. Temperature: RTD type thermometer and Temperature probes for recording the
Solar pangl temperature, maduie back surface temperature and ambient temperature
shall be provided complete with readouts integrated with the data logging systein,

iii. Anemometer: For wind speed measurement, anemometer shall be provided (along
with calibration certificate) complete with readouts integrated with the data logging
system.

The following parameters shall be accessible via the operating interface display in real
time for solar pawer system:

i. DT power input
i. DCInput Yoltage
iii. DC Input Current
iv.  AC Voltage
v.  AC Qutput current
vi. AC Qutpul Power
vii. Power factor
vili.  Time Active
ix. Time disabled
% Time Idle
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xi.  Power produced

xu.  Operating modes

®ii.  Inverter status

xiv.  Fault indications

xv, Protective function Jimits i.e. AC Over voltage, AC Under voltage, Over frequency,

Under frequency, Earth fault, I'V starting voltage, PV stopping voltage etc.

xvi. Data from weather monjtoring instrements —Solar irradiance daily & per snonth

based on instantaneous imadiance readings {(kWh'm2/month), Daily and monthly
average ambient temperature based on inslantaneous leinperature readings near array
field, Module back surface temperature, Wind speed at the level of array plane

xvii.  Solar Energy generation data from all Digital Multi-function meter {energy meter) in

)

1}

k)

p)

q)

ACDBs.

All major parameters on the digital bus and logging facility (the current values, previous
values for up to a mmonth and the average values) shall be available for energy auditing
through the internal microprocessor and should be read on the digjtat front panel.

PV array energy production: Digital Multi-function meter shall log the actual values of
AC voltage, Current & Energy generated by the PV system. Digital Multi-function meter
shall be connected with data logger of the PV systemn to have interface of complete data
through MODBUS TCP/IP protocol with RJ45 port or any other protocol as defined in
Job Specification’ dalashest. Guaranteed enerigy productions values shall be measured in
digital Multi-function meter (Energy meter} mounted on ACDBs. Hence, the historical &
instantaneous data of Digital Multi-function meter shall be available ar dasa logger &
monitoring system.

DC String/Amay monitoring and AC output monitoring shalt be provided as part of the
inverter and/ot stringfarray combmer box or separately.

String and artay DC Yoltage, Current and Power, Inverter AC oulput voltage and current
{All 3 phasesz and lines), AC power (Active, Reactive and Apparent), Power Factor and
AC energy (All 3 phases and cumulative} and frequency shall be menitored as a
minitnum.

All instantaneons data shall be shown on the computer screen.

Software shall be provided for USB download and analysis of DC and AC parametric
data for the system.

if specified in the job specification/data sheet, complete SCADA system including server,
software ete. for cemtralized monitoring system shall also be provided for storage,
download and analysis of cumulative data of various solar systems and the data of the
solar radiation & temperature monitoring system.

Simultaneous menitoring of DC and AC electrical voltage, corrent, power, energy and
other data of the system for correlation with solar and envirorment data sha!ll be provided,

The data acquisition & monitoring software shall also be installed by contractor in
owner's laptop/desk top coinputer during testing and coinmissioning of PV system at site.
One set of original software in CDs/DVY Dsfremovable media shall be also provided by
contractor which shall be handed over to owner after commissicning of the system,

The system data shall be secured from all any kind of breach. All data loggers shall be
suitable to be connected with any local laptop for data monitoring and downloading of
data shall be possible with a laptop.
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6.6 Cables

All power, control, signal, communication, LAN, Fibre Optic (FO) cable, DC cablcs as
required for the SPV system shall be provided by the Contractor. Further AC Power and
contral cables from PCU to ACDB and from ACDB to substation / building Electrical system
MV swilchboard for power supply hook up shall be provided by Contractor.

a) Cable Design Criteria

L

1v,

mizes of cables between string interconnections, array interconnections, array to
Jmnetion boxes, junciion boxes lo Inverter cle. shall be so selected to keep the voltage
drop {power loss) of the entire solar system to the minimum. The cables shall be as
per relevant IS codes and shall be nsulated with a special grade XLPE/ X1LPO
compound formulatcd for outdoor use.

The tolal voltage drop on the cable scpments from the solar PV modules to the solar
grid inverter shall not exceed 2%,

The total volitage drop on the AC cable scgments from (he solar inverter to the
ACDB shall not exceed 0.5% for PV systems located nearby to the ACDB where
ACDB is located in the same building. The total voltage drop on the cable segments
from the solar inverter to the ACDB shall not excecd 2.09 for PV sysicms located
away from thc ACDB where ACDB is not located in the same building.

Cable sizing document shall be submitted by contractor for review to EIL/ Owner
based on the voltage drop, other sizing criteria as per the requircment. The final
cable sizes shall be decided during detailed engineering based on the approved cable
sizing documeni. Contracior to cnsure that all equipments shall be suitsble for
termination of the required cable gizes.

by DX Cables & connectors

i.

The voltage grade of the DX cables used shall be suilable for the solar system
maximum DC system voltage contimiously.

DC cables shall be single core flexible copper conductor type with cxcellent
resistance to heat, cold, watcr, oil, abrasion, UV-stabilized, halogen free, flame
retardant low smoke, low toxicity, XLPE or XLPO insulatcd and sheathed. Multi-
core cables shall not be used.

DC cables shall be suitable for rated DC woltage of 1.5KV and maximum DC
voltage of 1.8KY.

iv.  The Cable should be so sclecicd that these should be compatible to the ful] life time
of the solar PV panels i.e. 25 years. The inner & outer sheath shall pass UV
protection for 25 years.

¥. The DC cables from the 8PV module array shall ron through 8 UV-stabilized PVC
conduit pipe of adequate diamecter with & minimum wall thickness of 1.5mm.

vi. Cables and wires used for the intcreonncetion of solar PV modules shall be provided
with solar PV connectors and couplers,

vii.  Minimum DC cable size shall be 4.0 5q. mm copper.

¢l AC Cables

ii.

MV Power Cables shall conform to EIL standard specificalion no. 6-51-0031 and
datasheet for MV cables,

Control cables shall be copper conductor, twisted pair, overall shiclded type and
conform to EIL standard specification 6-51-0057. llowever, 1. 30 of EIL
specification 6-51-0052 is not applicable for control cables.
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iii.  All power cables & control cables for use on medivm voltage systems shall be
650/1100% grade, XLPE/ PVC insulated, extruded inner-sheathed, armoured and
overall PV sheathed, FRLS type.

iv. All MV power ¢ables 2.5 sq.mm to 16 sq.mm shall be with copper ¢onductor and
above 16 sq.mm shall be with either aluminium or copper conductor. In three phase
systems, the size of the neutral wire shall be equal to the size of the phase wires.

6.7 Module/ Array Mouating Structure

a)

b)

¢)

d)

Unless otherwise specified, mounting structures shall be made of hot dipped gatvanized
mild steel (MS),

The movnting structures shall be designed to sustain wind leading applicable as per the
wind zone & also as per wind speed mentioned elsewhere. The entire structure including
array shall be earthed to an independent earth pit with redundant paths. Mounting
structures shall be with fixed tilt.

Each structure shall have angle of inclinaticn as per site conditions to take maximum
insolation for annual energy output. The array structure shall be so designed that it will
occupy minimum space without sacrificing the SPY panels output and allows casy
replacement.

Suitable fastening arrangement such as grouting and calming shall be provided to secure
the instaltation against the specific wind speed.

Fach Panel frame structure shall be so fabricated as to be fixed on the floor of roof top.
The height of the frame shall be so decided to aveid shadows from building structure
subject to minimum 500 mm above reoftop level unless otherwise specified.

The Contractor shall specify installation details of the PY modules and the support
structures with appropriate diagrams atd drawings. Such details shall include, but not
hmited to the following;

i. Determination of trae south at the site
ii. Array tilt angle to the herizontal, with permatted tolerance
iii. Details with deawings for fixing the modules
iv. Details with drawings of fixing the junctionfierminal boxes
v. Structure installation details and drawings

vi. Inter-panelInter-row distances with allowed tolerances

vii. Safety precautions to be taken

The array strocture shall support SPV modules at a given orientation and shall absorb &
transfer the mechanical loads to the roofiop cohumns properly. While deciding ¢ivil foundation
& structure required for the SPV system, the load beating capacity of roof shall be considered
by conteactor,

7.0 CABLING, EARTHING & LIGHTNING / SURGE PROTECTION

7.1 Cabling System

Cabling system shall conform to the fellowing requirements: -

a)

b}

Within building area, the cables shall be laid in GI cable trays. Further in case cable
trenches are available in the SPV system cable routes, power and control cables can be
laid in cable trenches also.

T cable trays, conduits, pipes, slesves, cable accessories, cable lugs, ferrules etc. for
cable laying shall be provided.
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c)

)

f)

£)

Above ground cables shall be well supported on cable trays and suitably protected against
mechanmcal damage,

Cable installalions shall provide minimum cable bending radii as recommended by cahle
manufacturer.

Signal cables e.g. communication, LAN and data highway cables ete. shall preferably not
be laid in the same trench/ tray along with electrical cables. FO cables if any shatl be laid
in lhe HDPE pipe conduil.

Cablefwires shall be routed in GI cable trays and shall be suitably tagged & marked with
ferule or by other means so that the cables are easily identified. On roules where cables
are few, cables & conduit pipes can be directly clamped to the rooftop, walls and ceilings
wilh thermo-plastic clamps at intervals not exceeding 50 cm.

Top mosl cable trays and vertical cable trays shall be provided with GI sheet covers.

7.2 Earthing System

a)

b)

d)

€)

f)

The earthing for array and power system shall be provided as per provisions of IS -3043
and CEA puidelines. The ¢arthing system shall comprise of ¢quipment earthing
connections, main earthing grid along with suitably localed earth plates lo provide
muliiple earth connections and earth electrodes in test pits. Necessary provision shall be
made for bolted isolating joinls of each earthing pit for penodic checking of earth
resistance.

Each Array structure of the SPV shall be earthed The entire structure including array
shall be earthed to san independent earth pit with redundant paths.

The syslem neutral, current & potential transformer secondary neuntral, metallic non-
gurrent carrying parts of all electrical equipment {.e. PV arrays, mounling structures, JBs,
PCU, ACDB and cable shields & armour shall be earthed,

‘The complete earthing system shall be mechanically & electrically connected Lo provide
independent return to earth. All the electrical equipment operating above 250 V shall
have two separale and distinct conneclions to earth grid.

All non-current carrying metal parts shall be earthed wilh two separale and distinct earth
conductors to the nearest earth grid. All earth connections shatl be visible for inspeciion.

‘The resistance values of the earthing system shall not exceed 1 ohm.

73 Lightoing & Over Voltage/ Surge Protection

a)

b)

d)

The 5PV system shall be provided with lightning and over voltage/ surge protection
connected to earth pits. The source of over voltage can be due to lightning / atmospheric
disturbance and/or switching surge. The main aim of over voltage proteciion shall be to
reduce the over voltage to a tolerable level before it reaches the PV or other sub-system
components. The entire space occupying the SPV array shall be suitably protected against
lightrung by deploying required number of lightning arrestors. Necessary concrete
foundation for holding the lightning conductor in position shall be provided after giving
due consideration to maximum wind speed and maintenance requirement at site.

'The Lightning conductor shall be earthed through flats ang connected to earth pits as per
applicable Indian Standards. Each Lightning arrestor shall be fitted with individual earth
pit as requared.

Conlractenr shall ensure adequate lightning protection to provide an acceptable degree of
protection as per 1S/ TEC for the complete sysiem incloding armay. For lighting
prolection, the value of 5 chms as earth resistance shall be ensured.

The protection against induced high voltages shall be provided by the nse of Mctal oxide
varistors (MOVs} with suitable carthing such thal induced transienls find an alternate
route to earth,
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3.0

2.0

10,0

e) The lightning protection of Solar PV system shall also comply to the requirement of NBC
2016.

I Air Terminals may be jnstalled at physical distance fiom PV mounting struclures or
mounted directly on the PV module stracture at steategic locations to bring the complete
area under zone of protection. The height of vertical air terminals shall be calculated such
that there is no or minimum influcnce of shadow on the PV modules (as per NBC 2016).
The quantities of vertical air terminals shall be determined such as to bring the entirc PY
installation under pratection zone.

g} Surge Protection

The internal surge protection shall consist of three MOV type surge arrestors connected from
+ve and —ve terminals to earth (via Y amrangement) suitable for higher withstand of the
continuous PV-DC voltage during carth fault condition.

SHOP INSPECTION & TESTING

ay All electnical equipment including PV modules, FCU, JBs, data logging system, cables,
matcrial cte, shalt be thoroughly inspected and tested at the manufacturer’s works in
accordance with approved inspection & test plans. Contractor shall prepare and furnigh
the inspection & test plans for EIL/owner approval. The type test certificates for the
equipment shatl be available; in case of non-availability of type test certificates, fresh
testing of the equipment in accordance with applicable codes & standards shall be done.
All routing & acceptance test as por the applicable standards shall be conducted on the
equipment.

by EIL/ Owner may witness alt factory tests. EILS Oswner shall have entry and access at any
time to all parts of manufaciurer’s facilities associated with manufacturing and testing of
the systom.

¢)  Contractor shall invite EILS Owner well in advance of the date at which the system is
ready for testing.

d} Beforc dispatch of equipment from manufacturers work, Contractor shall prepare
inspection report for individual equipment and same shall be submitted along with test
certificates for EIL/Owaer review and release note.

PACKING AND DESPATCH

Alt the equipment shall be divided into several sections for protection and ease of handling
dutitig transportation. The cquipment shall be properly packed for the selected mode of
transportation .. by shipfrail or trailer, The pancls shall e wrapped in polythenc sheets
before being placed in crates to prevent damage to finish. Crates shall have skid bottom for
handling. Soccial notations such as "Fragile', “This side up, "Center of gravity!, "Weight,
Owner's particutars, Purchase order number etc., shall be clearly marked on the package
together with other details as per Purchase order.

The oquipment may be stored outdoors for tong periods before installation, The packing shall
be completely suitable for outdoor storage in areas with heavy rains/high ambient temperature,
In order to prevent movement of ¢quipment within the crates, proper packing supports shall be
orovided. A sct of instruction marmals for croction, testing and conpmissioning, a set of
operation & maintenance manuals and a set of final drawing shall be enclosed in a watcrproof
cover and supplied along with the shipment.

FIELD INSPECTION, TESTING & COMBMISSIONING

a) Sitc inspection, testing and commissioning of electricat installation shall be carricd out as
per EIL Standard Specification no. 6-51-0087.

by All the equipment installed by the Contractor shatl be tested and commissioned.

Format Mo 8-00-0001-F1 Rev 0 Copyright EIL — AH nghts reserved
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10.2

11,0

1.2

11.3

¢)  Any work not conforming to the execution drawings, specifications or codes shall be
rejected forthwith and the Contractor shall carry out the rectification.

dl The Contractor shall carry out all the field tests as enumerated in the technical
specification & technical documents which may be furnished o hitn during execution of
the work,

e} Before the SPV system is made live, the Contractor shall carry out suitable tests to
establish to the satisfaction of Engineer-in-Charge/Cwner that the installation of
equipmenl, witing and connections have been cormectly done and arc in good working
condition and that it will operate as intended.

f) Al ficld tests shall be conducted in the presence of Cwner/Enginger-in-Charge or his
authorized rcpresentative unless he waives this requirement in writing. All testing
equipment necessary to carmy oul the tesis al site shall be arranged by the Contractor. The
tests shall be recorded on approved Performa and certified records of the tests shall be
submitted to Qwner/Engineer-in-Charge.

g} After the completion of all tests and rectification of all defects pointed out during final
inspection, system start-up mal would be commenced. Any defecils noticed during the
start-up trial relating to the equipment supplied and work carried out by the Contractor,
will be rectified by the Contractor.

Site Acceptance Test (SAT)

a) Contractor shall prepare SAT documentation covering power distribution system in the
plant & system fimetional testing and submit it for EIL/Ownet review and approval. Site
Acceptance Test shall be done based on the stipulation in the approved SAT documeni.
Once the test is successfully performed, the temporary acceptance of the system shall he
giver. Only then the system weuld be ready for lest run.

b) Contractor shall offer fully functional system for SAT when he has successfully
commissioned all equipment, carricd out all pre SAT and submitied the reports.

WARRANTY

The mechanical structures, electrical works & equipments including power conditioners!
inverters/ maximum power point tracker units/ distribution boards/ digital meters/ switchgear
cte. and overall workmanship of the grid connected solar photovoltaic plant shall be warraniled
against any manufacturing/ design/ installation defects during the warranty period.

Contractor shall be [ully responsible in respect of proper design, manufacture, quality
woarkmanship and operation of all the equipment, accessories etc. supplied by the Contractor
for the warranty penod.

It shall be obligatory on the part of Contractor to medify and/or replace any
equipment/componenl free of cost in case any malfunclion is revealed even during en line
operation atter taking over within the warranty period.

Performance Warranty:

The predicted electrical degradation of power generated not exceeding 20% of the minimum
rated powet over lhe 25 year period and not mote than 10% after ten years peried of the fuil
rated original output,

Format No. §-00-0001-F1 Rev. O Copyright EIL — All rights reserved
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Abbrevialiona:
RIS Bureau of Indian Standard
BE Briiish Siandards
CEA Cential Electricity anthonty
CIMFR Central Instilute of Mincs and Fuel Research
ct Curtem Transformer
DOL. [irect On Line
FIL Engineers India Limited
FM Factory Mutual
FRF Fiberglass Reinforeed Plastic
IEC International Flectro-technical Commission
IEEE Institute of Tlectrical & Elecironics Engincers
15 Indian Standard
JEC Japanesc Llectro-technical Commuittec
LCIE Labaoratoire Central des Industries Electrigues
LREWT Locked Retor Withstand Time
NEMA Matipnal Flectrical Manulacturers Association
OEM Criginal Equipment manufacturer
FESO Petralenm & Txplosives safety organisation
POy Porchase Order
PV Poly Vinyl Chlenide
p.u. fet unit
EFM Revolutions per Minute
rms Root Mean Squarc
TPIA Third party Inspection Agency
TETV Totally enclosed Tube Ventilated
LIL. Underwriler’s Laboratories
VDE Verband Deutscher Elektrotechniker
VEFD Variable Frequency drive

Flectrical Standards Commities
Convenor: Mr BR Bhogal

Members, W= 5. Anand
Mr. Parag Gupta
Mr. MK, Sahu
Ms. N.5. Bhattacharya
Ms. W.P. Guha (Propecis)
Mr. Saced Akhiar (Inspection)
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SCOTE

This specilication covers the design, manufactore, wsting, packing and supply of high
voltage squirrel cage induction motors.

CODES AND STANDARDS
The squirrel cage mduction motors and their components shall comply with the latest

editigns of following standards issued by BIS (Burean of Indian Standards) unless
clhierwise specitied:

15-3 Colours for ready mixed paints and enamels

15- 1271 Electrical insulation - Thermal evaluation & Desigmation

15 - 2071 Methods of bigh vollage testing

15 - 2253 Designation for type & construction and mounting arrangement of rotating
electrical machines

IS - 2068 Dimensions of slide rails for electrical motors

15 - 4029 CGiuide for testing of three phase induction molors

15 - 4589 Method of determination of efliciency of rotating electrical machines

15 - 6362 Designation of methods of cooling of rotating electrical machines

IS - T8l6 Guide for testing insulation resislance of rotating sachines

15 - 8225 Dimensions and outpmt series for rotating electrical machines

15 - 2789 Values of performance characteristics for three pbase induction motors

15 - 12065 Permissible limits of noise level for rotating Flectrical Machines

15 - 12075 Mcchanical vibration of Rotating Electrical Machines with shatt heights 56
mm and higher measurement, evaluation and limits of vibranon severnity

I5 - 13529 Guide on effects of unbalanced voltages on the perfortmance of three phase
indoction motors

15 - 13555 (ruide for selection amd apphcation of three phase mdoction motors for
different. types of dtiven eguipments

I5 - 14222 Impuise voltage withstands levels of rotating electrical machines with form-
wound stator coils

15 - 14568 Dimension and output series for rotating electrical machines, frame numbers

355 to 1000 and flange numbers 1180 to 2360
IS S MECS00T70-U  Electrical apparatus for explosive gas almospheres (General Reguirements)
ISIECA0079-1  Equipment protection by Flame proof enclosures “d”.
ISAECHU079-2  Lxplosive protection by pressurized enclosure "p”
IS/ IEC60079-7  Explosive atmosphercs-Equipment protecton by ingreased safety —e”
ISARCAMNTO-15 Explosive atmospheres-Equipment protection by type of protection "n"
157 1EC: 60529 Degree of protection provided by enclosures (IP Code)
IS/IEC-60034-1  Rotating Elccirical machines Rating & Performance.
IS/ABC-600534-5  Dregrees of protection provided by enclosure for rotating  electrical

machinery.
IS/TEC 60034-8: ‘Terminat marking and direction of rotation for rotating electrical machinery,
IEEE-386 ; Standard for Separabic Insulated Connector Systems for Power DHstribotion
Swstems Above 800 Y

In case of imported motors, standards of the country of origin shall be applicable if these
standards are equivalent or stringent than the applicable Indian Stundards.

The motors shalt also conform to the provisions of CFEA reputations and other statatory
regulations currently in force in the country.

In  case Indian  Standards  are  not  available,  standards  ssued by
IRCRSVDEACEFIECNEMA or equivalent agency shall be applicable.
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4.0

4.1

4.2

4.3

In case of any conflict between requircrucnls specificd in various applicable documents,
the most stringent one shall prevail. However, owner’s decision in this regard shall be
final and binding.

GENERAL REQGUIREMENTS

The offered equipment shall be brand new with state of the art weehnolory and proven
field track record. No prototype cquipment shall be offered.

Vendor shall ensure availability of spare parts and maintenance support services for the
offerad equipment al teast for 10 years from the date of supply.

Vendor shall pive a notice of at least one year to the end user of equipment and EIL
before phasing oul the product/spares 10 enable the end user for placement of order for
spares and services.

OPFRATING CONDITIONS

Ambient Conditions

Motors shatl be suliable for operating satistactortly in humid and corrosive atmospheres
found in refineries, fertilizer, petrochemical and metallurgical plants. Service conditions
shall be as specified in the motor data sheet. If not specifically mentioned therein, a

design ambicnl temperature of 40°C and an altitede not exceeding 1000 meters above
mean sea level shall be taken into consideration,

Frequency and Voltuge variations.

Unless otherwise agreed, motors shall be desipned for continuous operation atl raled
output under the foliowing condnions:

a)  The terminal voltage differing from its rated value by not more than £ 6 %
b}  The frequency diftering from it rated value by ool more than+ 3 %
¢} Any combination of (a} and (b)

Starting

a} Motors shall be designed tor direct on ling starting or other method of starting as

specified in datasheet.

b) Motors shall be designed tor re-aceeleration with full load after a momentary lfoss

of vollage, not exceeding 0.2 seconds, with the possibility of application of 10(#4
ot the rated voliage when the residual voltage has dropped down to 504 and is in
phase oppasition to the applied voltage.

Molors shall be devigned to allow the minimum number of starts on full load
indicated in Fable below:-
| Min. Number of starts | Up 1o 1000 KW Above 1000 KW |
: No. of consecutive stavt-ups with
initial temperature of the motor at 3 2

ambicnl. level {cold.)

No. of consecutive startups with

imtial wwmperature of the molor al 2 I
| full Ioad operating level (hot}

Format Mo B-00-0301-F1 Rey ¢

Copynght EIL — AN nghts reserved



SPECIFICATION STANDARD SPECIFICATION No.

7% |07 | ENCANEERS
8z ﬁ%@ INDIA LMITED  FOR HIGH VOLTAGE INDUCTION 6-51-0031 Rev. 6
W P HTY TR H 4 1l i inde Lnaembiea) MOTO Rs F‘age G af 17

d) Unless otherwise specified, the locked rotor withstand time under hot conditon a
100% veltage (time t fur increased safety e Ex e motor) shall be minimum 5
seconds more than the starting time at 100 % wvoltage, under specified load
conditioms.

4.4 Llnless otherwise stated in the motor data sheer, motors shall be sutable for starting at
2094 of the rated veltage against the tongue speed characteristics of the driven equipment.

a) Starting torque and minimum torgue of the motor shall be compauble with the
specd torgue characteristics of the driven equipment under specified starting and
operating conditions.

b) Fur heavy duty drives such as blowers, crushers, compressors etc., high starting
torque mators shall be provided.

This shall he checked against the speed torque characteristics of the load and the
thermal withstand characteristics of the motors,

4.5 The pull cut torque at rated voltage shall be not less than 175 percent of the rated load
lorque with no negative telerance. In case of molurs driving equipments with pulsating
loads (e.g. reciptocating compressors), the minimum value of the pull cut torque at 80%
of rated voltage shall he more than the peak valuc of the pulsating (erque and the cument
pulsation shall be limited to 40%,

Unless otherwise agreed, the pull cut torque shall nol exceed 300% of the tated Toad
Lorgue.

4.6 IHrection of rotation

Motors shall preferably be suitable for either direction of retation. In case unidirectional
fan is provided for motors, direction of retation for which the motor s designed shall be
permanently indicated by means of an amow.  Any alteration required for obtaining a
change in the direction of rotation such as reversal of the fan, must be clearly speeificd,
Meotors which are suitable for onby one direction of rolation shall have this direction of
rolativn clearly indicated on the motor together with the phase sequence of the terminals
associated with this rotation in indelible marking, Melors suilable for bi-direchionat
rotation shall be provided with a doubde headed arrow.  Directional arrow should be
manufactured from corrogion resistant material.

Mormally, clockwise rotation is desired as observed from the doving (coupling) end,
when the terminals ABRBC are connected to a supply giving a lerminal phase scquence in
the order ABC. Counter clockwise rolation of the mator shall be obtained by connecting
the supply 1o (wrminals o that the phase sequence comesponds to the reversed
alphabetical sequence of the terminal letters. Ample space shall be provided @ the
terminal box for interchanging external Ieads C and A Tor this purpose.

5.0 PERFORMANCE
5.1 Motors shall be rated for continuous duly (5;), unless otherwise specitied,

5.2 Motors shall have adequate torque to accelerate the load from zere Lo full speed undoer the
specibied starting and operating condiions.
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33 Starting current shall be 50084 subject to [S/TEC wlerance for moars ap to | 000 KW For
mators abuve 1000 KW, it shall be as apreed with purchaser for sach case.

5.4 In particular cascs, when the starting current is to be limited, care shall be taken such that
the design values of torgue meets the foad requirement while at the same ume complying
with clause 4.3 above of this specilicanon,

5.5 In particular cases. when the starting with reduced vollage 1y specilicd, care shall be taken
such thal the desipn values of torgue meets the load requirement while at the same time
complying with ¢lause 4.4 and 4.5 above of this specification.

5.6 Motors fed by variable fregquency deive shall additionally meet the following requirements:

56.1 The motors shall be suitable for the current wave forms produced by the power supply
including hannonics zeneraled by the dnve.

N
oy
[

The moiors shall be desimed to operate continoously al any speed over the range (10—
100%) of rawed speed or a5 specilied in data sheet. The characteristics shall be based on the
application — in terms of consiant torque / variable torgue as per the driven equipment.
Additional cooling fan shall be provided 1f reguired to limit the temperature rise to
specitied limits.

563  The motors shall withsiand torque pulsation resulting from harmonics gencrated by the
solid state power supply.

564 The motors required to be transterred to DOL bvpass mode shall be ratwed for specified
variations in line volage and frequency.

6.0 CONSTRUCTION DETAILS
6.1 Windings

6.1.1  Motors shall be provided with class-F insulation. The permussible wemperature rise above
the specified ambicni (emperature shall be limited to those specified in the applicable
Indian Standards for class-B insulation.

.12 The windings, along with the stator, shall be tropicalised and shall be vacuum
impregnated (resin poor type).
Winding shall be adegquately braced to prevent any relative movement during operation. [n
this respect, special care shatl be taken for the stator windings of direct-on-line starting
sguirrel cage molors. Insulation shall be provided between coils of different phases which
lie together.

6.1.3 Core laminations must be capable of withsianding burnout for rewind at 350°C without
damage or loosenimg,

In case of motors driving eguipment with pulsating loads, spocial atteniion shall be paid
to the joints of rotor bars and cwd tings te avond premature failores due to induced Tatigue
sLresscsy,

For Ex n and Ex e motors, the conductor insulation must be carried right op to the
termimal clamp,

6.14  Motors shall be designed to withsliand mipulse voltapes speaified 10 applicable Indian
Standardsfrelevant IFC. The wave shape shall be az per 18/ relevant [EC.
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61,5 Windings of motors shall be star connected. For VIT) fed motors, the main winding
conngcted in ‘Tlelta’ can also be considered acceptable subject to motor mannfacturer
having adeguate proven track record,

.2 Terminals, terminal boxes and eable entrics

621  The ends of the winding shall be brought out into a terminal box. The terminations shall
be by means of clamp type  or bushings with adequatcly sized bolted fermingls. 1ine
1erminals shall be properly tnsulated from the frame with material resistant to tracking.

622  The terminal box shall be located on the rght band side viewed from the driving
{coupling) ¢nd. Unless otherwise specified, the terminal box shall be suitable for side
cable entry. The size of the cable end boxes shall be large encugh to provide 3 mimmum
distance of 600 mm between cable gland plaice and terminal ng.

6.253  The neutral point of the star windings shall also be bronght owl (o a separale werminal b,
Thiz shall house the current transformers for differential protection of motors wherever
required and shall be located on the opposite side ol main terminal box.

624  The main and nentral terminal box shall be of fabricated sheet steel. The main terminal
bope shall be phase seyregaed type. unless olherwise agreed. However for Non sparking
malors phase insulated type terminal box is also acceptahle.

Muors can bave elastimold phase insulaled 1erminals m a common box. Bx J tvpe ([lame
proot} motors can have phase insulated terminal box of Exd rating whereas Ex p type
{ pressurized) motors can have phase insulated terminal box of Ex Jd/Ex p rating.

Ix d (Flameproof) motors with non phase segregated & non phase insulated flameproof
terminal hox doly tested at independent test laboratory can be considered acceplable
suhjeet to motor manufacturer having adequate proven track record.

6.2.5 The terminal box must be of tobust construction, with necessary cleamnee, crecpage
distances between live parts and between live parts to earth considering air insulation and
without any compound filling.

6.2.6  The terminal box shall be provided with pressure relief tlaps/devices for increased safety
ie. Ex e motors, non-sparking ie. Ex n motors and safe area molors, as por
manufacturer’s standard.

6 2.7 The terminal box shall be capable of withsianding the fanlt current for 3 period of 0.2
seeonds specified in the motor data sheet. For phase insulated elastimould terminations,
the short ime current rating and duration shall be as per IEEE:386-2006.

6.2.8  Appropriate phase markings as per IS/IFC shall be provided inside the terminal box. The
markings shall be non-removable and indelible.

6.2.9  The terminal box shall be provided with suitably sized entries for suitable cable plands
cotresponding to the size of the specified cabies. For termination of multi run of power
cables, more than one terminal box is not acceptable.

Fquipment and accessories provided shall conform to the hazardous area classification
and the environmental condrtions as specilied 10 the motor dala shect,

Formnat No 2-00-0001-F1 Rev ¢ Copyrght EIL — All nohts reserved
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62,10 An adequately sized carth terminal shall be provided for cable armour termination. 1t is
cssential that all metal patts {mounting rail and cable glands) are bonded and connceted 1o
the earth system. Bomding straps are also required across joinls o pon-active parts.

6.2.11 Separate terminal boxgs shall be provided for space heaters, resistance temperature
deleciors and vibration probes.

6.2.12 Main and peulral terminal box covers must be provided with handles to facilitate easy
removal. Terminal boxes covers havimg weight up to Skg can be acceptod without
hzndles.

6.3 Motor casing and type of enclosure
6.3.1 Al Motors shali be suitable for installation directly outdoor and must have degree of
protection corresponding to IP-53 as per IS,

632  All internal and extcrnal metallic parts, which can come into contact with cooling air
(Fiping, air supply and discharge conduits, protective grills air dellectors, filters amd
supports etc.} shall be of corrosion resistant material or appropriately treated to resist
corosive agents which may be present in the atmosphere. Screws and boits shall be of
rust proot material or profected against corrosion.

63.3 Effective eguipotential bending straps to guard against the vccurrence of sparks due 1o
presence of circulaling currents shall be provided in type Ex n, Ex e and T:X p motors.

6.4 Bearing und lubrication

6.4.1  Muotors shall have grease lubricared ball or rolier type bearings or of the manufacturer's
standard type. However, 2 pole motors above 750 kW rating shall be provided with
sleeve bearings as a minimum, except for motors intended to be installed in hazardous
aten having gas group 1iC. Sleeve bearings when provided shall be of proven design.

6.4.2 The bearings shall be chosen to give a minimum L- 10 mting life of 5 yrs. (40,000 hrs} at
rated operating conditions,

(The L -10 rating life is the number of hours at constant speed that 90 % of a group of
identical bearings will complete or exceed betore the first evidence of the tailure).

643  Where bearing supports are atlached to the motor casing, adequate bracing shall be
provided on these suppotis to reduce vibrations and ensure long life of the bearings.
Bearings shall be adequate to absorb axial thrust in either direction produced by the motor
itself or doe to shaft expansion.

644  Motor bearings cxposed to high tempersturcs {¢.g. motors for hot oil’boiler teed pumps)
shall have adequate provisions for cooling of bearings.

645  Vertical motors shall be provided with apgular contact/thrust bearings suitable for the
load imposed by the driven equipment.

6.4.6  Motors shall be designed to permit removing/replacemen of bearings.
65.4.7 Grease lubricated bearings
Bearings shall be capable of grease injection from ontside without removal of covers. The

bearing hoxes shall be provided with labyrinth seals, to prevent loss of grease or entry of
dust or moisture, When grease nipples are prowvided, these shall be associated, where

Fommat Mo B-D0-000T-F1 Rew 0 Copyright EIL — AlF rights reserved
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necessary. with approprialcly located relief devices, which ¢nsure passage of grease
through the bearings.
The motors shall have laciluy for on-line greasing.

64 % Slecve bearings

Sleeve type bearings shall be firted with oil nings for centinuous lubncatien. The il
rescrviirs shall bave a form suiable for allowing settling of any solids or residual
particles contained in the nil.

The covers shall be prowided with suitable openings for adding and drmnming oil, together
with an overflow plug and level indication. O1l sight glass provided for checking the il
level can alse be considered acceptable in place of overflow plugflevel indicator subject
te meter manuiacturer having proven mack record. The shalt shall have pertect seals so as
to prevent entry of dust or moisture.

.49 Forced lubrication bearings

The ol lbrcation system shall be independent of the driven machine. Common
lubrication system for the driven equipment and the motor can be accepted provided it is
separate from the scal oil svstem. The commeon lebrication system shall be provided with
syitable degassing equipments to extracl gas reducing the probability of gas entering he
motor.

In the independent lubrication system, ol supply shall be guaranteed by one of the
following methods:

- With a mechanical pump co-axial with the motor and supplemented by a separate
electnic motor driven pump for initial lubrication during siart up and stopping
operalions.

- With a separale ¢lectric motor driven pump. In this case the lubricating system
shall ¢onsist of two identical motor driven pumps, one mnming and one acting as
stapdhby.

In addition to the pumps, the lubrication system shall be supplied complete with the
following as a minimum;

al An oil cooler of shell and tube type with tubes of inhibited admiralty brass.
Imternal coolers shall not be accepted. ‘o prevent the ol from being
contaminated. if the cooler fails, the oi side operating pressure shall be higher
than the waler side operallng pressure.

b} An austeritic stainless stecl o1l reservoir with the following characteristic

- The capacity 1o aveid frequent filling, to provide adequate allowance for system
rundown and to provide a retertion time of al least 3 minutes to setile.

- Provision to eliminale air and minimize flotation of foreign matter to the pump
SUCLEOD.

- Fill connections. reflex type level indicators and breathers suitable for cutdoor
nse.

- Sloped bottoms and connections for complete drainage.,

- Clean out openings as large as Is practicable.

- A Yrvpass line that returns below the il level 1o eliminate aevation and static
eleciricity.
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- A lhermostat with two electnical contacls for alanm & tripping in case of high oil

temperature.
c) A supply and return system.
), A duplex {ull flow Dher with replaccable clements and Glication of 25 um

nominal or finer as recommended by the bearing manvfacturer. Filter cartridge
materiai shall be cormosion resistant. Metal mesh or sintered metal filter elements
shall not be aceeptable, The Oler shall nol be cgupped with a reliel valve or an
antomatic bypass.

c} The motor driven auxiliary pemps shall be provided with suetion stainer and an
autematic/manual control system arranged to start mutematically on low il
pressure and with manual shutdown only.

By Sighl flow indicaters in each bearing drain line.

) Temperature gauges {with thermorwells) in the reservoir, after the oil cooler and
cach bearing drain ling.

k) Low il pressure alarm and shutdown switches.

i} A pressure gauge (valved for remowval) for each pressure level and a pressurg
dillerential imdicator b measune [lter pressure drop.

1} Thermostatically controlled elactric immersion heater with a sheath of austenitic
stainless steel lor heating (he charge capacily of oil before start-up in cold
weather. The heating device shall have sutficient capacity to heat the oil o the
reservoir from the specified minimum site ambient temperature to the start-up
temperilure, #s required by the manufacturer, within 12 hours. The watt density
of heater shall not exceed 2.33 watts per sq. mm.

k) The o pumps shall have steel casings unless they are enclosed in a reservoir. All
other oil containing pressure components shali be of steel.

A control panel shatl be provided for operation & control of the lubrication system. The
control panel shall include fuses, electrical contactors and thermal relays for the
Jredcetion and operation of the motor doven pumps, push-buttons, ausibary relays and
timer relays for the automatic and manual starting vp and shutting down of the oil pump.

lguipment and accessories provided shall contorm to the hazardous area and the
environmental conditions specified in the motor data sheet.

Armoured cables suitable for high temperature duty shall be vsed for external ¢lectnical
connections between the control panel and the lubrication system.

5.4.10 Bearing Tnsulation-Shaft Voliape

Induced voltage at the shafl end ol the motor at no load shali not exceed 250 mY rms.
for rolker and ball beannygs and 400 mY r.ms. for slecve bearings, 11 the shali voltage
exceed these values, the non-driving end bearing shall be insilated from the motor [mme
to avoid circulating curments.

The insutated bearing end shield or pedestal shall bear a prominent warming and
manulacturer shall provide detailed drawings showing insulation arrangesment,
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6.5 Couling System

All motors shall preferably be self-ventilated. Motors with lupher outputs having
manufacturer’s standard designs using forced ventilation cooling or closed circuit cooling
cmploying extetial coolants may alse be considered.

£.5.1  Self Ventilated Motors

Al motors shall be fan cooled. The fats shall be of cortosion resistant material and
appropriately protected. For fertilizor plants, brass or bronze are not permitted materials.
The matenial of fan for motors to be used in hazardows areay shall be anti-stahc and non-

sparking type.

Motors for installation in dusty atmospheres or in the presence of sand, foels or other
suspended solid particles in the air shall be fited with filters for the cooling alr. The
filters shall be easily accessible for inspection and removable for ¢leaning and re-use, The
material of the [ilters and supports trays shall be rust proof or protected against oxidation
OT COMmosion.

6.5.2  Motors with forced ventilation

Mators with forced ventilation shall be equipped with two moter driven fans each capable
of supplying the full quantity of cooling air required by the motor at full load.

Where air cooler desiym permits provision of one fan only; the second fan shall bhe
supplied loose. Cooler desizn shall allow easy replacement of fan in such case.

The ventilating system shall mclude the flanges for the air intake and the mating flanges
for the discharpe ducts, An arflow indicator as described in paragraph 7.3 (a) shall also
be provided.

Motors and fans vsed for forced wentilation shall conform 1o the hazardous area
classification and environmental conditions specified in the motor data sheet.

6.5.3  Motors with closed circuit cooling with water to air heat exchangers

The material of the heat exchangers shall be corrosion rezistant {e.g. cupro-tickel allow,
muntz metal, admiralty brass) and suitable for the type of water used. The heat
exchangers shall be designed for minimum water pressure of 5 kg / em ° and with head
losses not greater than 0.5 kg / em %, unless otherwise agreed,

The heat exchangors shall be arranged by the side(s) of the motor, if possible, S¢reens
shall be provided to protect the motor windings [rom water leaks or leakage in the tobes.
Suitable drains shall be fitted {or draining water in case of leakage. The cooling system
shall include the trip and alarm devices mentioned in paragraph 7.3 (b). Heat exchangers
For identical motors shall be interchangeable.

6.5.4  Motors with closed circuit cooling with air to aiv heat exchangers

The heat exchanger tubes shall be of stainless steel or extruded aluminom. All exposed
surfaces of the heat exchanger shall be treated for anti-corrosion procedure with soitable
amti corrosion paint. Motors shall be safeguarded against comuosion by immersion m
varnish followed by baking.
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Joints between the heat exchanger and the main body of the motor shall be sealed by
wealher-proof gaskels,

6.6 Rotor

The rotor shall be of squirrel cage type. dynamically balanced to provide a low vibration
level and a lung service hife (o 1he beanngs. The aceepted walues of vibrations for a motor
at rated voltage and speed shall not exceed thoze given in the 15, The shatt ends shall b
provided with suitably threaded hole or holes to facilitate the assembly or removal of
couplings and beanng races,

6.7 Shaft cxtension

Motors shall be provided with a single, bare shaft extenzion with key way and key.
Motor shalt shall be sized to withstand dynamic lorgue equal to 10 times the rated design
torque.

6.8 Liftiny hoolks
Al molers shall be provided with lifting facility {i.e. hooks ete.) of adequate capacity.

For molors provided with heat exchangers, hfling facility shall alse be provided for the
heat exchanacr.

6.9 Earth terminals

‘Two earth terminals shall be provided on the frame of each motor at diametrically
opposie pomls, Minimum size of the stud shall be 12 mm. Necessary nuts and spring
washers shall be provided for earth connection. These earth terminals shall be in addibion
tr the earth terminals provided in the terminal box for earthing of the armour

7.0 CONTROL, ALARM AND TRIP DEVICES

Al electrical contacts for the deviees deseribed below {e.g. a1 sections 7.3 & 7.4) shall
have a current carrving capacity net lower than 5 A and a minimum interrpting capacity

of | Aat220V DCor 5 Aat 240V AC.

The contacts shall be located in explosion proef or totally sealed housing according to the
type of motor enclosure. The cable ends shall be browght together to Uw: lerminal box.
Any external connections between the housing contzining the relay contacts and the
terminal box shall be carmied out by insulated copper wires in steel conduils or by I'VC
insulated, armouwred, copper conductor cables with cable coiries through double
compression type cable glands.

7.1 Measurement of winding (emperalurc

Molors with outputs greater than 750 KW or those provided with filters for cooling air
irrcspective of ouiput shall be provided with platinum resislance WCmperilure measuning
devices of 100 ohms resistance at 0°C and a temperature co-efficient of 3.85 x 10~
located in suitable positions to measure the winding temperature. A minimum of three
(one per phase) detectors shall be provided between he coil sides 10 measure the winding
terpperatore and three (one per phase), preferably at the base of the slots, to measure core
lemperature, each placed 1207 apart. 1f RTLYs at the base skot are not possible to be
provaded based oo motor manufaciurer specihic design, 12 no's RTIY s shall be provided
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between the coil side, to measure winding tetnperature, TETY motors may not be
provided with core temperalure delectorns.

A separate terminal box shall be provided for the temperahue detectors for hook up with
a remole located control / monitoring unit.

7.2 Measurement of bearing temperature

Motors with self-lubricated bearing shall be provided with -

EN Twa dial type 2nd gas filled capillary type, indicaling dial thermometers for
checking of bearing temperalures,
b} For moters with output greater than 750 KW, a resistance Lype of (emperature

measyring device shall be provided [or bearings with connections terminating in
the comman terminal box for winding temperature detectors,

7.3 Measurement of ¢cooling medivm for heat exchangers

Motors with forced ventilation and those with air waler heat exchangers shall be provided

with:

i} An airflow circolation indicator with electrical tnp contacts that operate it the
flow of cooling air is milerrupted or is inadequate. If airflow indicator is not
provided based on motor manofacturer specific design constraint, provision [or
glarmitrip of the motor shall be provided based on RTI.

b} A couling water flow circulation indicator with electrical trip contacts, whach
close if the flow of cooling water Is interrupted or is madequate. The indicator
shall be located on the discharge piping of the heal cxchapger.

7.4 Pressarization Conirol Panel

All pressurized molers ( Type Ex p shalt be provided with a control panel for contrelhng
the initial purging and pressurization of the moter. The pressurization contral pancl shall
be maunted on the motor itself and shall be suilable for the hazardous area classification
specified in the maotor data sheet. Pursed control pancl shall be powerced through exiernal
supply 10 be made available by purchaser. Bautery operated puorge controller is not
acceptable.

The panc] shall be complete with but not litnited 1o the follewing items

- Timers

- Push buttops for purging/pressurization. (Manual push button shall override the
auto selection parameters)

- Solenoid valves/dampers

- Indicating lamps for purging ON, purging OVIER, pressurization ON &
pressurization OVER ete.

- Claps tegulator to compensate the pressurs dip.

- Minimuom & intermediate pressure senscr

- Pressure switches and Mow swiiches with alarm apd trip contacts.

- Low pressure alarm & trip contacts

- Inermedizte pressure & pressurization compleled contacts

- Purging started & purging completed contadcts

- Poweer interlock/ Tl contact
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8.0 MISCELLANEOLS ACCESSORIES
8.1 Currenl transformers

Unless otherwise specified, motors rated 1500 KW and above shall have differential
protection and shall be equipped with current transformers suitably designed for
installation in the neutral terminal box.

Unless otherwise specified, the CTs shall be supplicd along with the motor and mounted
in the terminal box, which shall he suitable for howsing the C'l's and providing the
necassary connactions. Ol terminals shall be brought out (o a separate guxiliary termingl
box, Yoltage rating of CT shall be same as voltape rating of motor, however window type
CT with voltage rating up to 1100V can be considered acceptable.

These transformers shall have a secondary current of 1 A, and the characteristics of the
{IT's (V,, Ry and 1) shafl be tfimalized at detalled enginesning stape in comsultalion with
the purchaser. CT ratio shall be as indicated im the motor data sheet.

8.2 Anti condensgation heaters

All motors shafl he provided with 240 V anti-condensation heaters, sived and located so
as to prevent condensation of mosture during shut down periods. The heaters shall
rematn "ON' when the motor is not in service and shall not cause damage to the windings.

Motors with heaters mstalled m hazardous atmospheres (Zong-1 or Zone-2), shall
conform to the provisions of applicable IS/IEC standards and temperalure classilication
specified in the motor data sheet.

The heater icads shall be brought out to a separate terminal box of the same speaficalion
and grade of protection as the main power terminai box,

A warning label with indeTible red inscription shall be provided on the motor to indicate
that the heater supply shall be isolated before carmyiig cut any work on the motor.

53 Apecial tools and spanners

Motors with special features {ep. motors with single bearing, explosion proof and
increased safety motors ete.) shall be provided wuh a set of spanncrs and special tools,
required for dismantling and maintenance of the motor.

84 Motors shall be supplied complete with double compression Nickel plated  brass {(or
Alummum, if specifically required) cable plands, crimp type tinned Cu cable lugs for all
power, space heater and auxiliary cables (for the specified cable sizes) and Grst [illing of
lube il for forced lubricated bearimes,

85 Auxiliary motors, i any, shall be as per refevant Indian / Internaional standards and shall
ba snitable for the hazardous classification as specified in the motor data sheet.

8.6 Mamc plales

A stainless steel name plale manufactured from series 300 stainless steel and having
imformation as per 15 shall be provided on cach meter. In addition to the motor rating
plate, a separate number plate for molor lag number shalt be fixed m a readily visible
position. This number shall be as per the motor data sheets.
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Addipnal infomation as stipulaied 1o applicable Standards shall be incloded o the name
plate for motors meam for use in hazardous atmospheres.

0.0 NOTISE LEVEL
The permissible nmise tevel shall not exceed the stipulations laid down in I5.

10 MOTOR VIBRATION

Motor vibrations at bearing housing shall be within the hmits of 1S, unless otherwise
specifiad for the drven cquipment. Limits of shatt wibration [or motors with sleeve
bearings shall be as per IRC-60034-14.

Two and four pele motors having sleeve beanngs with forced oil lubrication shall be
provided with proximity probes to measure the shaft vibration adjacent and relative to the
hearings.

11.0  CRITICAL SPEEDS

The first actual critical speed of stift rotors shall not be lower than 125% of the
sviichronous speed.  For flexible rotors, this shall be between 0% and 80% of the
svnchronous speed. The second actmal synchronous speed shall be above 123% of tle
svnchronous speed.

12.0  PAINTING

All metal surfaces shall vnderge manufacturer’s standard cleaning ‘pamting cycle, Aller
preparation of the under surface, the equipment shall be painted with two coats of epoxy
hased final paint. Coler shade of final paint shall be 632 of 15; 3/ RAL-7035 All
unpainicd sicel parts shall be surtably treated to prevent rust furmation. If these parls are
moving elements, then these shall be greased.

13.0 INSPECTION, TESTING AND ACCFPTANCE

13.1  During fabrication, the equipment shall be subjected to inspection by EIL / Chwner or by
an agency authorized by the C(woer, if specified / agreed in Inspection Test Plan,
Manufacturer shall fumish all necessary information copceming the supply o EIL/
Owner's inspector. All routing / acceptance tests shall be carried oot at manufacturer's
works under his care and expense.

13.2  Type test certificates from CIMFR or equivalent test house, applicable PESOY DGMS
approval cerlificates, BIS license and vnginal drawiongs refemed in tvpe test certificates
shall be shown to the inspection ageney on demand during inspection. The certificates
and Bi$ license must be valid at the time of dispatch.

133 Test certificates of bought oot componems shail be shiwn te the imspection ageney on
demand during inspection.

13.4  For VED [ed moloms, all (ests as specified in VED specification shall be [ollowed

13.5  All equipments shail be subjected tn various routine / acceptance tests as per Inspection &
Test plan ne. 6-81-1031,
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14.0 CERTIFICATION

The motors and associated equipment shall have test certificales issued by recogmsed
independent test house (CIMFE/ CPRIY ERTL/ Basecfa/ LCTES ULS FM or cquivalent).
All indipenous motors shall conform to Indian standards and shall be certified by Indian
testing agencies. All motors (Indigenous & imported) shall also bave vabid statulony
approvals ¢.g. PESO, DGMS cte. as applicable for the specified location. All indigenous
flameproot motors shall have valid BIS license and marking as required by statutory
authorities.

153.0  PACKING AND DESPFATCH

All the cgmpment shall be divided into several sections for protection and ease of
handling during transportation.  The equipment shall be properly packed for
transporlation by shipfail or trailer. The equipment shall be wrapped in polythene sheets
before being placed in crates/cases to prevent damage to finish, Crates/cases shall have
skid bottom for handling. Special notations such as ‘Fragile', *This side up®, *Centre of
gravity', “Weight’, ‘Owner’s particnlars’, ‘PO Nos." etc. shall be clearly marked on the
package together with other details as per purchaser order.

The cquipment may be stored curdoors for long pericds before installation. The packing
shall be completely smtable {or cutdeor slotage in arcas with heavy rains/high amblent
temperatore, unless otherwise agreed. A set of instruction manuals for instaliation, testing
and commissioning, a set of operation & maintenance manuals and a set of final drawing
shall be enclosed in o waterproof cover along with the shipment,
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1.0 SCOPE

11 The scope of this specitication 13 to define the nunimwm technical requirements for the
design, manufactore, testing and supply of Soft Staners for AC Motors.

1.2 Soft starter shall be 3-phase, solid state. reduced veltage (VT controlled or Voltage
controlled as specified in data sheet) type motor controller for controlling & ensuring smoath
slarting of motors. Soft starter shall be provided with microprocessor based control to soft
start and stop the motor. Soft starters shall have ability to limil the starting current to the

" specified limits as specified in data sheet. Sott starter shall have either anti-pacallel
tcchmolopy or Y/F controlled type sy defined in dala sheet.

The Vendor shall be responsible [or enginsering and functioning of the complete system,
meeting the intenl and regquirement of this specification and dala sheets. This shall include
but oot be limited to inverterfconverter sizing, (ransformer sizing, transformer impedance
selection. veetor grougt, inpul and output harmonic (ler design and sizing,

.0 . CODES AND STANDARDS

1 The cquipment shall comply with the latest editions of the following standards unless

specified otherwise;

15:4411 Code of designation of semi-conducting devices

15:5001 Guide for preparation of drawings of semiconductor devices &
Integrated Circuits

15:5469 Code of practice [or the use of semiconductor Junction Devices

{5:87T8Y Vaiues of Performance characteristics for Three Phase induction motor

15 12615 Linc Operated Throe Phase AC. Maotors {IE CODE) - Efficiency Classes
and Performance Specification

15:14901 © o Remiconductor devices- Diserete devices & Inlegrated Circuits

IS: 15880 Three Phase Cage Induction motors when fed fom [GBT Converters-
Application Guide

LEC 60068-2-60 Environmental testing: Tests -Flowing mixcd gas corrosion st

ISAEC 60079 Explosive atmosprheres

IEC: 60146 Semiconductor Convertors general requirements and line commutated

CONYCIiors.

LEC 60721-3-3 Classification of eoviromnental conditions: Classification of groups of
envitonmental parameters and their severities - Stationary use al weather
protected locations

[SAEC: 60947 Low Voltage Switchpear and Control gear
IEC 61378-1 Conventer transformers - Part 1: Trapstormers for industrial applications
IEC 61378-3 Converter transformess - Part 3: Application guide
IS/IEC 614390 Low-Voltage Switchgear and Controlgear Assemblies- Guidance to
Specifying Asscmblics

ISAEC ¢1439-1 Low-voltage switchgear and control gear assemblies- General Rules
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2.2

2.3

24

15

LX)
31

ISAIEC 61439-2 Low Voltage Switch Gear and Controlgear Assemblies- Power Switch Gear
and Conirel Gear Assemblies
[EC 61800-2  Adjustable speed electrical power drive systems: General requirements -

Raling specifications for Jow voltage adjustable speed A C. power drive Systems

IFC 618003  Adjustable speed clecirical power drive systems: EMOC reguirements and
specific test methods
[EC 61800-% Adjustable speed clectrical power drive systems: General requirements —
Rating specifications for a.c. power drive systems above 1000 Va.c., and not
cxeeeding 35 kV.
IEC 61800-5  Adjustable spocd clecirical power drive systems: Safety requircments —
Electrical, Thermal, Energy and Functional.
[EC TS 61800-8 Adjusiable speed electrical power drive sysicms: Specification of voltage
on the power interface '
IS/IEC 62271 Part | High-Voltage Switchpcar and Conrolgear: Common Specifications
IS/TRC 62271; Part 102 High-Vollage Switchgear and Controfgear: Allemating Current
Disconnectors and Earlhing Switches
[EC TS 60034-25 Raotating Flectrical machines, AC electrival machines used in power drive
svstetns — Application guide.
TREE:519 Recommended Practices snd requirements for [larmonics Controd in Flectrical
Bower Syslerns

AN 15A-571.04 Environroental Conditions for Process Measurement and Contred Systems:
Airborne Contaminants '

ASTM B845 Standard Guide for Mixed Flowing Gas (MFG) Tests for Flectrical Contacts
EN-5017% Electronic Equipment for use in Power Installation '

[n case of imported equipment, the standards of the country of origin shail be applicable if
these standards are equivalent or stringent than the applicable Indian standards.

The equipment shall alse conform to the provisions of CEA Regulations and other statutory
regulations currently in force in the country.

TIn case Indian standards are nol available for any equipment, standards issucd by TEC BS/
VDE/ IEEEf NEMA ot equivalent agency shall be applicable.

In case of any conflict between requirements specified in various applicable documents, the
most stringent one shall prevail. However, owner's decision in this regard shall be final and
binding.

SITE CONDITIONS

The “sofl starter system shall be designed to operate under specified site conditions as
mentioned in the data sheets. If not specifically metuioned therein. a design ambient
temperalure ol 40°C and an altitude not exceeding 1000 metres above mean sea level shall be
considered.  For ambient temperature above 40%C. suitable de-rating factor shall be
cansidered by vendor while selection ol current mting.
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3z

33

4.1

4.1

4,2

4.3

4.4

5.4
5.1
511

517
5.1.8
5.1.%

The sofi starter shall be installed indoors in a non-hazardous area, in non-air-conditioned ¢
pressurized room, as speeified in data sheet, Transformer installation {owdoor! indoor} shall
be as indicated 10 datasheet. Motor shall be installed ouwdoors 1 safe or karardous area as
specified in datashect,

All the equipment shall be designed for continuous duty as per nameplate rating under the
specified ambient conditons.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of art technology and a proven field
track record. No protatype equiprment shall be offered.

Vendor shall ensure availability of spare parts and maintenance support services for the
offered equipment for ar least 1O years from the date of supply.

Vendor shall give a notice of at least one year to the end user of equipment and ETT. helire
phasing out the product/spares Lo enable the end wser for placement of order [or spares and
services,

Vendor shall ensure proper ¢o-ordination with the driven equipment supplicr in sclection /
sizing ol offered sofi starter system. The vendor shall be responsible [or design, engineering
and manutacturing of the complete system 10 [ully meet the intent and requirctnents of this
specilication and allached data sheets,

Soft Starter pancls shall be sourced from the OCM. Pancls from system groups / channel
partners shall not be accepted.

TECHRICAL REQUIRFMENT

Performance Requirement:

The system shall be enerey elficient, designed as standard product and shall provide very
high reliability, low vibration { wear & naise. It shall be easy 1o insiall in minimum time and
expense and no special tools shall be required [or rouling maintenanses.

Sofl Starters shall have a compaet, solid-state, three-phase Electronic controllers consisting
al a set ol thynstors TGB TAGC TALRGT/ASGUT in all thiee phases.

By-pass shalt be provided for nommal running of motor after soft start-up.

The sequence Iogic for control, start up and stoppage, shifting to bypass of soft starter shall
be butlt up as per the operating phitosophy of the load.

Tn the sofi start mode, the motor voltage shall be gradually increased with slep less control of
vaoltage through phase conteol of the switching devices with acceleration ramp titne. The
following modes of operation shall be provided in the controller as 2 ranirmuam;

s - Solt Start mode with selectable Kick start,

Cuyrrent Limil start mode with seleclable Kick siar,

«  Soft stop
It soft starter fails, it shali be possible to run the motor with bypass in cireait with full voltige.

The rated operating voltage ol the sofl slarter shalt be as specilied in data sheel. The contral
voltage shall be 240 V AC. 50 Hz, single phase unless specified otherwisc in data sheet.

Separate paratneter setting shall be possible such as staring voltage/current, ramg up etc.
The starting voltage shall be adjustable [rom $0% w 1009 with stepless contral,

Adjustable ramp up tme for sofl starting shall be provided, suitable for driven ioad
characteristic,
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3.1.10 Soft Starter shall be able to adjust the starting current from 1.0 to 3.0 times the rated current of
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the mator as specified in job specification/datasheet.

Reset [ restarting option after overload tripping shall be settable in Manual / Automatic maode
It shall have built-in protection, diagnostic features, as well as the facility to communicate with
varions network protocols.

The soft start system shall be designed to deliver the metor input current {FLC) and womgue for
the complete speed orque characteristics of the driven equipment, with npul supply varialion
of £10% and frequency varlalion of +3%. The system shall be suitable for the load
characteristics and the opemtional duty of the doven equipment. It shall be capable of
withstanding 1he thermal and dynamic siresses and the transient mechanical torque, resuliing
from short-cirenit. Necessary desizgn in the Soft Starler shall be considersd 10 avoid / minimise
drap in the output voltage of Soft Starter.

Soft Starter sizing calculation shall be submitted by vendor for review/approval by
Cwpet/TAL,

All electrical components such as transformers, switches, contactors, reactors, bus bars ete.
shall be rgted 125% of the maximuwn required rating. All electromic devices including
thyristors, (ransistors, diodes, IGRT, FGCT, TEGT, SGCT (as applicable) ete. shall be rated
under operating conditions for approximately 200% of the maximum current carried by the
device.

The soft starter controller shall be equipped with microprocessor based digital regulator with
programmable Tunclions. The power contred regelator  logic shall provide for an
acceleration/deceleration currend limit curve and shall be capable of field adjustments withoul
shutting the syslem down. Linear sceclerstion and deceleration shall be  separalely
programmable Mrom 2.1 (0 20 seconds.

For MV V/F based soft Starter, the dv/dt limits & Vpeak shall be as per IRC-61800-2 &
60034-25 and same shall be alse considered in the design of the motor. -

For HY VT hased soft starter, the voltage stress of the motor winding insulation system shall
be as per [EC-61800-4 & 60034-25 & same shall be considered in the design of nwior, The
vendor shall ensure that in all practical conditions of operation, the voltage stress level does
oot excesd the insulation system vollage stress capability as per IEC-61800-4, Vendor is,
therefore, responsible lor specifying the voltage stress level (Le. transient peak vollage values,
peak rise time, repetition wle, ete) al the motor terminals, taking into geeount possible voltage
reflection depending on the topology of the converter, cable type and length, ete.

Harmaonics at the supply side of the soft starter system shall be restricted within the maximum
allowable levels of eurrent and vollage distortion as per recornmendations in the latest edition
of TEEE-519.

Maximum noise level from the soft starter system at |-meter distance, under rated load with all
normal cooling fais operating shall not exceed 8BS dBA.

Un-shiclded cable shall be used for connection hetween soft starter & motor. Length between
soft starter & motor shall be considered as per data sheet & vendor shall supply the output
tilter accordingly.

Soft starter shall be designed to achieve the rated speed i minimal time possible which
includes Soft Starter Chargdng Time. Magnetisation Time, Motor samp-up Time.

Control Requirement

The syslem shall be suitable Tor number of starls as per atlached EIL specilication £ Data sheet,

CThe power contreller shall be contralled 10 always start the motor in the forward direciion,

Logie shall be provided 10 prevent the motor lrom being slarted in the reverse direction.

Roft sturter shall be provided with sypehronizing equipments and PT al inpel anedfor owput
side a4 specilied.
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FPapel Construclion

Upstream breaker "ON/OTT/TRIP” indications and upstream breaker closing and trip push
bunons shall be provided on the front door.

Safety Tnterfock shall be provided so that power cabinet can't be opened unless the upstrzam
breaker s disconnected, safety-grounding switch is closed and DO link capacitor is -
discharped. Alternatively, for DC link capacilcr, DC capacitor charged TED status shall be
provided on front side of inverter cell. Shrouding shall be provided on all HY open live parts
in the drive. Further, suitable warning label shall also b provided on the panel. Power source
breaker can only be closed ance the earthing switch is open and panel door is closed with lock
defeat tacility.

The drive shall be suitably housel in sheet stee] pancls and shall be fubricated using
Cralvanised steel or any other material complying with CMC requirements. The sheet steel
used [or the panel shall be of minimwn 2 mm thickness except the doors & covers which will
be of minitoum 1.5m thickness. The panel shall be suitable for indoor instaliation, if’ not
othenwise specilied. The pancl shall be fiee standing with degree of protection as min. 112-31
& 1vpe test repart shall be submitted for the same. The maximum and minmum operating
height shali be 1900 mm and 300 mm respectively.

Ralted un-drilled gland plate shall be provided at bottom. Clamp type werminals shall be used
for connection of all wires up to 10 mm® and terminal for Ingher sizes shall he bolted type
suitahle for cable lugs, Minimum space fur power cable lerminatian shall be 300 mm for upto
100V system and 600mm for above 1100V system {unless specified otherwise) clear from
hottom of the cable gland plate. All equipment shall be complete with cable glands, lugs ete.
and cable glandds shall be single compressian type for indoor equipment unless specified
otherwise,

The sofl starler system panel{s} shall have isolated compartments as follows:
- Main power bus and ground bus compartment

- Power cell compartment

- Low woltage compartment

Bus bars shall be of electrolytic copperfaluminum, sleeved, color coded separately fur AC and
NC system.  All the live parts shall be sieeved / shrouded to cnsure complete safety to
personnel intemcling 10 cammy oul rautine inspection by opening the panel doors. All the
equipmentl insisle the panel and on the doors shall be provided with suitable nameplate.

All the switches, compaonent and accessorics which are essential for normal and emergency
operalion shall preferably be mounted on the door and shall be operable externally, Al the
analogue instouments, where provided, shall be switchhoard type, back connected & of sive
96x96ram. Scal shall have red mark indicating maximeum permissible operating rating.

Fach pane! shall be provided with LTD type illuminating lamp with MCB & door limit swilch
o lamp contral. 67154 240V power socket with switch shall be provided. Fach panel shall
have space heater with MCB & variable selting thermostal. Dual pole MCR shall be provided
for isolation and protection of utility components.

Copper earth bus of min. 30x6 sq.mm. upta shart circuit withstand capacity of 31.5kA and
506 sq.mm. for a short circuit withstand capacity abave 31.5kA shall be provided in the panel
with provision [ comnection 1o owner’s plant carth grid. AN the non-metallic
components/parts shall be connected t0 the main carth bus bar. Scparate earth bus bar and stud
tor electronic conrol system il required shali he provided.

Al panels shall be of same height 50 a8 to form a uniform line-up to give good aesthetic

appEArace.

All the control wirnng shall be enclosed in plastic/ metal channel. Each wire shall be identified
at both ends by self-sticking wire marker 1apes ar PV ferrules. Power and control wiring
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inside the panel shall be done with BIS approved fequivalent agency approved for imported
cables, PV insulated, fiee retardant, low smake, copper conductor wire 1.5mm’ size wire
shall nurmally be vsed provided the contro) fuse raling is 10 Amps or less and 2.5 mm” size for
control fose raling above 16 A for electrical circuits and 6 53mm? for clectronic circuits. All
wires shall be ferruled and terminals shall be properly numbered, minimum 20% spare
terminals shall he provided

All electronic madules and components shall be accessible from frant of panel only. Madular
assemblies for both the svsiem Le. contol electronic equipments and power electronic
equipments shall be used.

Low voltage compartment and calding shall be electrically and physically separsted from the
high voltage caompartment. Metal or glass polyester barriers shall be provided between the low
vallage compartment and the power cell and/or main power bus compartment. Personnel shall
hive aceess 10 the low vollage companment, with (he controller energized, without being
expased to any High veltage. :

For V/F based soll starter, DC Link capacilor and pre-charging & discharging ciceuil shall be
prelerably mounted in the rear of the panel.

Suvitable evebolts! lifling clamps/ strap & cradle arrangement shall be provided for lifiing of
the panel/shipping section. The bolts, when removed shall not leave any opening in the panel,

Actyhic type tranaparent insulaling material shall be wsed for covering live camponents,

Soft start avslem kevpad, operalor control paned required for control, monitoring and
measurements shall be supplicd and installed cutside the panel on the fromd door. 1t shall be
accessible for operation withaat opening the frent door and shall be non-removable type.

The soft starter pancl shall e naturally cooled. Cooling system shall have adequate cooling
airllow puth, module cooling fan and il necessury, panel cooling Mo, Vendor shall ensure thal
the panel dimensions and {low paths have been designed for continuous rvoning ol the
specified smbient wilthoul overhealing. Nevessary slarters shall be provided within the panels
for the Ventilsion fns. For fan cooled sofl starters, redundant venlilating fans (N+1) shall be
provided. In case redundant caoling fan 12 not possible 1@ be mounted in the panel, same shall
be supplicd loose.

All equipment shall be complete with cable glands, lugs cte. and cable glands shail be single or
double compression type for indoor and outdoor equipment respectively,

Conformal coating shall be done for all PCB, electronic equipments as per min, Class 302
{ Hursh environment} of [EC 60721-3-3, Alternatively, it shall comply with ANSY [8A 571.04
class G3 or [EC 60068-2-60 for mixed [ow gas test or ASTM BE4S, Suppomr@, documents
shall be provided for the same.

Spare lerminals of all the devices viz relay, transducers, Digital/Analog 1/ Boards ete, shall
e wired upte panel lemrinal strip.

Banel including insulator suppotts, conductors ete, shall be desigmed o withstand specified
shatt civeuit currents for a pericd of min, 1 see. Shott eireuit type Lest teport alang with bus-bar
izing calenlalions shall be submitied by vendor.

Mevessary Farth switch/Farth trock shall be provided for the Soft starter HV switchgears as
apecified in Job specification/datasheet by the vendor.

Fquipment! Componeni Specification
Converter Transformer

The canverter transtormer shall be dry tvpe ar ail filled type as specified in the data sheet. In
case of the dry type transformer, it shall be mounted in the soft starter panel unless specitied
atherwise in the datasheet. Otffered transformer shall be as per enclosed EIL Specifications/data
sheet & shall comply to [EC 61378-1.
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Converter transformer shall be sized for both fundamental KWV A and additional KVA on account
of system voltage variation & harmonic current. Suitable correction factor shall be considered
for higher loss value at rated. non-sinusoidal convenor load for thermal sizing of transformer
taking into account loss & efficiency of complete converter installation. '

Drive oul put transformer considered only for the purpose of meeting standard rated motor
voltage ie. 3300, 6600V, 11000V shall not be provided unless otherwise agreed between
purchaser and the manufacturer, '

The impedances of converter inputl transformers with more than one secondary windings for
12 R24136/54 pulse systems shall be selected (o ensure equal loadicument sharing between the
secondary windings, the converters and the motor windings under all operational conditions
including staring and restarting.

Drive out put transformer considercd only for the purpose of mecting standard rated motor
viltage 1.e, 3300, 6000V, 11OV shall not ke provided unless otherwise agreed between
putchaser and the manufacturer.

Converter transformer shall have shielded isolation between 1V and LY winding o neutralize
etfect of third and its multiple harmeonics, softening of high-frequency noise from the input side
by the natural inductance of the transformer and provide an electrostatic shield between the
primary and the secondary windings to avold transfer of surge/impulse voltages passing through
inter-winding capacitmee.

Ineoming and oudgoing terminals of converter transfonmers shall be mourmicd moseparate
terminal baxes. HY Ternmmal boxes shall be designed to withstand raled short cireuil, cumment for
8.2 Sec. Terminal box shall be complete with support for elamping Tor outgoing and Ineeming
cables. llead room available between cable gland plate and terminal lugs shall not be less than
GHmin for Voltage ratings upto 11 KY,

Surge Amrestor shall be provided at pnmary side of lnput ransformer to protect against LY
Surpes.

Pawer Converter for ViF based soft Starter
The siatic power convener shall copsist of a line side power converter for operation as a rectifier

and a load side power converter for operation as a fully controlled myverter. Power converler
shall be fast switching, most efficient and low loss type.

Adequate short circuit and over voltage protection shall be provided for the convener and
inverter system.

All power converter devices shall include protective devices, snubber networks and  dwrdi
networks as required.

All power dicdes shall be of silicon tvpe with minimum Vg, rating as 2.5 times the rated
operating voltage,

The conversion devices and associated heat sinks shall be assembled such that individual devices
can be replaced without requiring the wse of any special precautions/tools.

The coeling system of the electronic components, if provided, shall be moniored and necessary
alarms shall be provided to provent any conscquential damage to the power contral devices,

Offered system shall also take into aceount the distance between Drive panel and motor and
system shall inelude all malerial and accessones such as llter 10 make system sutable for 4
distance o 330m unless otherwise specificd in the data sheet.

Soft starter shall have integral thermal sensor to tip and diseogage the sofl starter on beatl sink
QweEr lemperature.
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543 BC Link Reactor (as applicablc).

a Smoothing reactors for the DC link shall be designed to sufficicatly decouple the rectifier and
inverter pottion of the converter and to limit fault currents in this circuit,

b, Unless otherwise specified, the reactor shall be air-cooled or fan cooled tyvpe located within the
pancl.

C. Reactor shall be suitable for operation with the non-sinusoidal current wave shapes and X
components under all operational conditions of the system without exceeding its temperaturs
limnits.

5.4.4 Qutput Filter

Soft starter output current waveform shall be inherently sinuscidal with hamomic limits as
specified in this specification. Outpul filter shall be provided, if required. Cuiput Mlter
capacitors shall be provided with discharge circuils to ensuce thal all residual stored charge is
reduced to less than 50V D wilhin 308 seconds afler a loss of AC voltage, All capacitor shall
be maintenance-free and self-healing type.

54.5 Dypass Feature

a,  Bypass feature alomg wilh motor protection relay and output side isolalorbreaker shall be
provided by purchaser Tor input vohage 33KV & above whercas for input voltage Tower than the
1.3kV, same shall be provided by vendor unless otherwise specified in the datasheet.  All
necessacy imterlocks as required for safe and reliable aperation of soft start system along with
bvpass feader and output side isolator/breaker considered by Purchaser shall be provided in the
soft start system.

b, Tnocase, bypuss festure iy provided by vendor, same shall be in separale compariment and
switching scheme shall be such thal in case sofl slarter syslem mal-gperation, the motor could be
taken op bypass control mapually, while the soft starier could be attended (ndependently.
Suitable interlock shall be provided such that bypass mode and soft start moede shall not operate
simultaneously.

c.  Soft start panel with bypass feature shall also include MCB for motor space heater, auxiliary
power supply if required for local panel, pane] space healer etc. io (e bypass section and same
shall be included and mounted in an easily aceessible location,

d All numerical relays provided in the MYHY swilchgears/bypass switchgear panel shall be
suilable for communication via [RC 61850 through dual redundant O bink lor data imtegration
with FOS/SAS, Tithernet switches as required shall be provided by vendor.

e, Soft Sarter panel shall include synchronizing equipment for synchromzation of Soft starter
nutput and bypass supply. Tndication shall be provided for "Syne Check 0K,

55 Protection, Control, Metering, Indication and Anpunciation

5.5.1 The soft starter system vendor shall provide all the necessary system control, protection, alarm
and metering equipment for the enlre drive system and ils auxiliary equipment iocluding
cooling system of mailn motor.

5.5.2 Automatic sequence camirel shall ioclude start-up of cooling system, auxilisry system of the
motor, ipterlock checking, avlemalic slart and rup-up of drive, planned and emergency
shutdown. The same shall be processed through microprocessor-based system,

5.5.3 Operator Control Pancl

a. Each drive shall be equipped with a fronl mounled operalor control console consisling of a
backlit alphanumeric display and a keypad with keys for parameterizalion and adjusting
parameter which shall not be limited 10 StandStop, Local/Remaote, InereaseTlecrease, menu
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navigation and proteclion and measurementl parameter selcclion, e, Por parameicrizadaon &
adjusting parameicer, LAIYTOP is also acceptable.

All parameter names, fault messages, wamings and other information shall be displayed in
complete english words or standard English abbreviaions o allow the vser to understand the
display without the use of a manual or cross-refercoce table. This shall alsa be used for the
modification ol all clecirical values, configuration parameters, drive menu parameters,
application and activity function access, faults, local control, adjustment storage, seliztest and
diagnostics. Kevpad shall be operable with password for changing the pratection setting, safety
intertock ete. However, the parameters such as measurements, setting, mode of drive etc. shall
be allowed to he viewed without any password.

Operatar console shall have facility! port to connect external hardware such as Laptop ete.
Console shall have facility to upload and download all parameter settings from one drive to
another identical drive for start-up and operation.

Drive System comrol shall also have facility to receive eipping signal from upstream breaker
tor tripping and also provision for clasing upstream breaker after all required process parameters
are achieved.

User-friendly software for operation and Gilt diagnostic shall be loaded in the drive system
panel before commissioning.

Operaling  procedure of the soft staer system showing sequential operation of various
components shall be provided by (he vendor.

5.5.4 Proleciive Fealures

5.5.5

The svstem shall incorporate adequale protective features, praperly coordinated for the drive
contral and for the motor hut nat limited to the follawing:

i Incoming line surge protection

ii.  Under/ Cver voltage protection

iii.  Phase loss protection.

iv. Programmable over current protection and under load protection.
v.  Tnvetter Faull

vi.  Ower frequency/Over speed of motar

vii. Ventilation loss {In ¢ase same is not provided, drive shall generale an ower
ternperature faull alarm and suitable sensors, as reguired for same, shall be provided).

viil.  Over lemperature inpping of equipinent by sensing emperaiure of hear sink

ix.  Specific motor protection like no. of sonsceutive starts beyand acceprable limit, long
stast fime, lacked ratar including motor winding, bearing temperatures, over-current,
overload, negative phase sequence and earth fault protections ete.

% System earth tault protection.

xi.  Shorted SCR.

xii. DPrompt for medified £ alteration in patameters setting

xiii. Additional protection, ifany for the drive sysiem
Control

The following controls shall be provided as a pan ol the Operator Condrol Panel or through
separate switches. Provision shall be provided for interfacing with field! contral mom at soft
start as well as by-pass mode.

i. StartStop
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i Auto'Manual Mest mode
v.  Local/Remotle
vl  LCimergency stop
vil.  Start/Stop for bypass starter {(where specified)
viii.  Trip-Remote Breaker

356  Indications

Vendor shall provide indications as required for normal operation and for case of maintenance,
which shall nol inglude but not limited to the [ollowing indicalions.

i
il
i,
v,
v,
¥i,
vil.
vill,
ix.
X
XL

Xil.

Maotor anning theough Stader
Moor Tunning on by-pass {DOL)
Starter 1o slop mode

nverter Fault

teclifier fault

Starler ready to start

AL mains ON

Maotor over speed

Regtificr output 'ON'

Motor zero speed

Remote breaker inip

Motor stopped

Above indicalions may be provided as a part of the operator control panet, ie. door mounted
keypad or through hardwired T.EDs. LEDs provided [or indication shall be cluster type with
adequale brightness and minimum 2 Nos LEDs chips per light. LEDs shalt be connected in
parallel and cach LED chip having diameter not less than 3mm.

Potential free contacts shall be wired in terminal strip separately for remote indications in
XS syster.

5.5.7 Metering

Digital display of the [ollowing parameters shall be as a part of the Operator Control Panel,
sclectable by the operator.

i

ii.
iii
%
v,

© WL

vil,

Cutput voltage

Crutput current-sofi slart made/ Bypass mode
Cutput frequency

Drive thermal stale f Transformer RTD display
Motor speed

Mecessary transducer shall be provided with 4-20mA cutput for indicating motor
speed and motor current in DCS unless otherwise specified for other parameters.

Necessary current inputs { CT/Transducers) ko Local Controd Station {LCS) shall be
provided in the soft starter by the vendor.
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358 Apdio-visnal Annunciations

3.0

3.7

4.

The system shall incorporate audio-visual annunciations for protection, (o various faalk
conditions, for the complete system, cabies, C Reactor and the Converter. Convertor
transtormer ete.

b Alarms shall also be included for the failure of various auxilisries together with

identification of the failimg unil, loss of cooling system, various protection devices
provided for converter trans formet ¢le.

Andio-visual window annunciations shall be provided on the ftont of the panel. All
annunciations as required for normal and satisfactorily operation of the drive system
shatl be included as per vendor standards. These anmmciatioms can be part of operator
console panel or separalely mounted type.

d.  Vendor shall include audio-visual alarm as required for normal operation an

mantenance af (he system but not be limited to the follawing,
i. Reelifier fuse failure/Drive fault
ii. Main AC faiture '
ihi. Tnyerter fuse failure/Drive fault

iv. Tnverter overload

¥, Inverter high temperature/Drive Gault
wi, Cooling system failure

wil. Maotor failed to start/Drive {auh

viil.  Transformer failure (if apﬁlicahh] '
ix. Mutor temperature high

. Harmonic Nilters monitoring

. Convertor Temperature |ligh

Al doive indernal faults will be annunciated as drive {aold,

Cammon potential free contacts shall be provided for above annunciations and these
shall be wired up to terminal block for owner's use for remote alarm and monitoring.

Fault Diagnostie

Fault diagnostic shall be built into the svstem 1o supervise the operation amd failure of the
system. Auxiliary supply (o the sysiem components or to the electronics (MTrmware) for the
diagnnstics / display shall be taken care by the manufacturer for this purposs.

External Power supply for auxiliary and Control Circnit

Auxiliary power supply for devices external to soft starter module, space heater supply for
Motur (as applicable [or Bypass feature), panet space healer. auxiliary power supply for
transformers, cubicle [LED lamps, LED indicating lamps, digital meters etc. shall be 24[!
volts single phase AC supply provided by purchaser,

All control ¢ircuit shall operate at maximum vollage of 240W AC or 220V DC unless
otherwise specified in the datasheet,

One No, 110V DC /1 10V AC/ 230V AC UPS Supply for cach panel shall be provided by
Owner [or control logic. Power supply at any ather voltage shall be derived by vendor.
Conversion al this 110V DC 7 10V AC/ 230V AC supply to any other voltage level or 1o
AL/DC power supply shall be take care by vendor by providing suitable convenéer/inverter
madule inside panel.
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2400 AC space heatet supply e panel and motor space heater shall be provided from
external source by Owner. '

Vendor shall include supply of all control transformers, protective devices, associated
arcessories ete. and any other control supply voltage required for the system shall be derived
by the vendor from the power supply made available by purchaser.

5.5 Reliability Fealures

The expected lifetime of the soft starter shall be min. 20 vears. The system incluing all
individual components forming part of the system shall have an availability of minimum
0.997 and a minimum MEBF of 4 years,

The controller design shall incorporate the following reliability features;

- Pre-lested components with power components to be 100% tested under dynamic
conditions.

- Printed circuil boards shall be computer tested and adjusted.
- Printed] circuit boards shall be temperature cycled fora minimum of 40 hours,

- Primted circuit boards shiall be treated For tropical, bumid and comosive environment.

5.0 Software

5.10

5.H
5111

5.11.2

50113

5.0
6.1

PC based software for starl-up & commissioning of sofl starter shall be provided. The
seftware shall allow the user to perform the following:

- Setting of soft starler parameters

- Copving of parameter sets to and from a soft starter

- Document/print out sct up

- Servicing & fault analysis set up

One CD-ROM of such software shall also be supplied along with saft stader panel.

Maintenance features
The controller design shall incorporate the ollowing maintenance features:
- Muodular construction
- All components shall be casily accessible.
= Printed circuit boards shall be plug connected.

- Standard disgnostics to aid maintenance personnel. These shall include LED or
alphanwneric displays, test or measurement poinds.

Painting

All metal surfaces shall be thoroughly cleaned and de-sreased to remove mill scale, rust.
grease and dirt. Fabrcated structures shall be pickled and then nsed to remove any tmce of
acid. The under-surface shall be prepared by applying a coat of phosphate paint and a coat of
yellow zinc chromate primer. Fhe under-surface shall be made free rom all impetfections
before undertaking the finishing coal.

After preparation of the under surfice, the panel shall be spray painted with twoe coals of
epoxy based final paint ot shall be powder coated. The colour shade of fnal paing shall be as
RAL 7032, unless specificd otherwise. Panel finish shall be free from imperfections like
pinhioles, orange peels, runa (T painy, ete.

All unpaimed steel pars shall be Zinc passivated, cadmium plated or suitably treated to
prevent rust and corrosion, Tf these parts are moving clements, then these shall be greased.

INSPECTION, TESTING AND ACCEFTANCE

Duting fabrication, the soft starter shall be subject to inspection by EIL / Owner, or by an
agency awhorized by the Owner, to assess (he propress of work, as well as to ascertain that
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6.2

6.3

6.4

1.0

LR

only quality raw matenial 1s wsed. The manufacturer shall {umish all necessary informalion
concerning the supply o FTIL / Ownert's inspectors.

A tests shall be cartied oul at the mamifacturer’s works under hig care and expense. The lests
shall be witnessed by an Inspector of EIL/ Owner or of an agency authorized by the owner,
Prior notice of minimum 4 weeks shall be given to Lhe inspector for witnessing the tests,

All Routine & Type Tests shall be conducted as per the approved TP, However, combined
test [or soll slarter and motor at vendor’s works shall be carried out if specilied in the
datasheel. For HV Converter transformer, same shall be offered for test & inspeclion as per
ELL Sid. TTP 6-81- 1044 in compliznes 1o [EC 61378-1 at manufacturer’s works.

Additional 1ests on switchgears and transformers shall be carried out based on the requirement
defined in the EIL s specification of respective equipment.

String Tesi with driven equipment

[f a string test with driven equipment is specified in the data sheet of the driven cquipment, it
shall be carried out with the job equipment.

CERTIFICATION

The motors and associated sofi starter system equipment shall have (est certificates issued by
recognized independent test house (CTMFR/ BASCCFAS LCIE/T/FM or cquivalent) as
applicahle.

PACKING AND DESFATCH

All the equipment shall be divided in to several shipping sections for protection and ease of
handling during (ransportation. The equipment shall be praperly packed for selected mode of
transportation i.c. ship/rail or trailer. The equipment shall be wrapped in polyethylene sheets
before being placed in wooden cratesfcases Lo prevent damage to the finish, Crales/cascs shall
have skid hottoms for handling, Special notations such as *Fragile®, “This side up®, *Weight',
‘Owner’s particulars’, ‘PO nos.” efe., shall be clearly marked on the package together with
other details as per purchaser or serutingy.

The equipment may be stored outdoors for Jong periods belfore installation. The packing shall
he completely suitable for outdoor storage, in areas with heavy rains/high ambienl
temIpeTal ure,
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Abbreviations:
AC Alternating Current
AFE Active Front End
BIS Burzau of Indian Standards
BS British Standard
CBCT Care Batance Curvent Transforemer
CEA Central Electricity Authority
CFL Compact Fluarescent Lamp
CRCA Cald Relled Cold Annealed
DnC Direct Current
DS Distributed Control System
DOL Direct On Line
ELK Earth Leakage Relay
EM Electromagnetic
EMC Electromagnctic Companbility
FLC Full Load Current
IEC International Eleetootechmicnl Commission
IEEE Institute of Elgetricat and Elcetronies Enpincers
IGBF Insulated Gate Bipolar Tranaistor
10 Input/Crutput
IF Ingress Protection
I Indian Standard
LS Local Control Station
LP Local Control Panel
LEI} Light Emitting Diode
MOB Mimature Circuit Breaker
M{CH Meoulded Cuase Circuit Breaker
MTBF Mcan Time Betwcen Failure
WEMA National Elecirical Manutacturer's Association
PCC Foint of Common Coupling
PLC Programmable Loge Controller
PO Purchase Order
PVC Paly Viny! Chloride
L.OLS Root Wean Square
THI Total Harmonic Distortion
VIOE Verband Deutscher Electrotechniker
YED Yanable Frequency Dnive

Electrical Standards Committee

Convener :

Members :
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Mr. B K Sahu

Ms. ANP Sinph

Mr. ITarish Kumar
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Ms. Shirali Aggarwal

. Rajesh Sinha (Inspection)
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10 SCOPE

2.0
2.1

The scope of this specification i3 te define the minimum technical requirements for the design,
manufacture, testing and supply of Medium Yoltage, AC Varable Frequency Drive (YFD)
Systern. The YFD system shall be complete with Squurel Cage Induction motor as specified
in data sheet, Converter, Converter input transformer(if required), DO Hnk/AC line reactor
with associated auxiliaries, filters{if required) and field mounted local moter contral panel.
Separate dedicated panelis) shall be provided for sach VFD system.

The ¥Vendor shall be responsible for engineering and functioning of the complete system,
mezeting the imten and requirement of this specification and data sheets,

This specification applies to drives connected to line voltage up to 1000V, AC.

CODES AND STANDARDS

The equipment shalf comply with (he latest edions of the Tollowing stapdards unless
specifted otherwise:

IS: 4411 Code of designation of semi-conducting devices

IS; 5001 Guide for preparation of drawings of semiconductor deviess and Integrated
Circuits

IS: 5469 Code of practice for the use of semicondoctor Tunchion Devices

IS; 8789 Values of Performance charactenistics for Three Phase induction motor

IS: 126015 Line Operated Three Phase a c. Motors {TE CODE)- Efficiency Clazses and
Performanes Specification

IS: 14601 Semi-condoctor devices- Discrete devices & Integrated Circniis

I5: 15880 Three Phase Cage Induclion motors when [ed from IGBT Cooverters-
Application Guide

IS 16724 / TEC 6007%-14 Explosive Atmosphetes — Fleetrical Installatiens Design,

Selechion and Erection

IEC 605%-2-60 Environmental testing: Tests -Flowing mixed gas corrosion test

IS/IEC 600790 Explosive atmospheres: Equipment - General requitetnents

ISARC: 60947 Low Voltage Switchgear and Cottrol gear

{EC; 60146 Semiconductor Convertors general requirements and line commutated
CONvernts.

IEC 607721-3-3 Classification of eovironmental conditions; Classification of groups of
environmental parameters and their severities - Slationary use at weather
protected locations

IEC 613781 Converter transformers - Part |: Transformers for tndustrial apphications

IEC 61378-3  Converter transformers - Part 3: Apphcation guide

ISEC 6143940 Low-Voltage Switchgear and Controlgear Assemblies- Guidanee to
Specifying Assemblies

IS/IEC 61432-} Low-voltage switchpgear and control pear assemblies- General Rules
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IS/IEC 61439-2 Low Voltage Switch Gear and Conirolgear Assemblies- Power Switch Gear
and Control Gear Aszsemblies
TEC 41800-2  Adjustable specd eleetrical power dnve systems; Crenerz] regoirements -
Fating specifications for low voltage adjustable speed A.C. power drive
Systerns

TEC 61800-3  Adjustable speed elecineal power dnve systems: EMC regoirements and
specific test methods

IEC 61800-5 Adjustable specd clectrical power dove systems; Safely mequirements -
Elecirical, Thermal, Energy and Functional.

IEC 61800-8  Adjustable speed elecirical power drive systems: Specification of voltage on
the power interface

1EC T8 60034-25 Rotanny Elecirical tmachines, AC electrical machines used in power drive
systems — Application puide.

IEEE:519 Recommended Practices and requirements for Hatmonics Conirel in
Elecincal Power Systems

AN TS A-871.04 Environmental Conditions Tor Process Measurement and Condrol Systems:
Atrbume Contaminants

ASTM B845  Btandard Guide for Mixed Flowing Gag (MFG) Tests for Electrical Contacts

2.2 Tn case of imported equipment, the standards of the country of origin shall be applicable if
these standards ate equivalent or stringent than the applicable Indian standards.

23 The equipment shull also conform to the provisions of CEA Regulations and other statutory
regulations currently in furce in the country.

24 In case Indisn stundards are not available for any equipment, standards issued by TECS BS/
VDE! IEEE/ NEMA ur cquivalent ageney shall he applicable,

2.5 In cage of any conflict hetween requirements specified m varions apphcable ducutments, the
most siringent one shall prevail. However, ownet’s decision in this regard shall be fnal and
binding.

30 SITE CONDITIONS

31 The AC dave system shafl be designed to operate under specified site conditions as specified
in the data sheets. If not specifically mentioned therein, a desipn smbicnt teroperamre of 46%C
and an altinde not exceeding 1000 metres above mean sea level shall be considered.

32 The AC drive sheil be installed indoors in a non-hacardons, arr-conditioned or pressunised
roum, as specificd in data shoet.

33 All the cquipment shall be designed for continuows duty as per nameplate rating under the
specificd ambicot conditiona.

4.0 GENERAL REQUIREMENTS
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4.1

4.2

4.3

4.4

515

The offered eyuipment shall be brand new with state of the art technology and 4 proven field
track record, No prototype equipment shall be offered,

Vendor shall ensure availability of spare parts and maintenatce suppatt services for the
offered equipment for at least 10 vears from the date of supply.

Yendor shall give a notice of at least ane vear to the end user of equipment and ETL before
phasing cut the product/ spares to enable the end vser to place order for spares and services.

The vendor shall be responsible for design, engineering and manwfacturing of the complete
YFD system to fully meet the intent and requirements of this specification and attached data
sheets,

YFD papels shall be souced from the OEM of VFDs. VFD Panels from system groups /
channel partners shall not be accepted.

TECHNICAL REQUIREMENTS
Performance Requirement

The system shall be energy efficient, and shali provide very high reliability, high power factos,
low harmenic distortion and low vibration / wear / noise. It shall be easy to install in miniomom
time and expense and no special toals shall be required for routine maintenance.

The ¥FD system shall be designed to deliver the motor input carrent (FLC} and torque for the
complete speed torque characteristics of the load, The system shall be suitable for the load
chatacteristics and the operational duty of the dnven equipment. It shall be capable of
withstanding the thetmal aml dynarmc stresses and the transient mechanical torque, resulting
frotm short-circuit, Necessary design i the YD shall be considered to averd / minimise dvop
in the output voltage of YFD, YFD sizing shalt be done talang care of following:

- Tnput suppty variation of +/~10% and freguency vartation of +/- 3%.

- Steady state voltage drop across the AC drive including associated choke and mtemal /
external filters on ioput and curput aide.

- Steady state voltage drops of 3% across cable from VTFD to motor.

YFD sizing calculation shall be submitted by vendor for review/approval by Ownet/TTL.
Rizing for choke f filters shall be ulso provided for review / approvat by Gwner.

The drive system shall be designed to operate in opne or more of the following operating
trwrdes as apecified in the data sheet:

a} Variable torque changing as a funchion of specd i.c. Speed squarad

ji)] Constant torque over a specific specd range

) Constant power over a specific speed range where the torque decreases when speed
Increnses

dj Any other as specified in data sheet

The dnve controller shall be cguipped with macroprocessor based digital regulator with
programmable  functions, The power control repulator logic shall provide for an
acccleratwm/deceleration current limit curve and shall be capable of field adjustments withour
shutting the system down, Linear acecleration amd deceleration shall be separately
progravamable from 001 10 20 seoomds.

The System shall be sutable for smgle gquadramt operation and the speed vanation shatl be
with range 1100 unless otherwise specified with speed set accuracy of +1% of mated
muximum speed and steady state regulation of L0 5% of rated speed.
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5.1.6

51.10

3.1.11

5.1.12

3. LE3

5.1.14

51135

5116

5.2

521

The dv/dt limits & Vpeqx shall be as per IEC-61800-2 & 60034-25 & same shall be considered
in the desigm of moter,

Harmonics shall be testricted within maximam allowable levels of current and voltage
distortion as per recommendation of latest cdition of TEEESL®. To venfy compliance to
IEEES12 at switchboard level the necessary data related to switchboard Wke min. shott circuit
current (kA) , Load cyrrent | other linesr and non lineat loads connected to the switchboard
and the working / standby confipuration of the connected toads shall be provided by owaer.
Using the above reguired data the harmenics shall be analyzed and sultable mitigation solution
shall be provided by vender level by providing suitable filters in VFD, 612 pulse VFD, AFE
VD etc,

The controtler cutput overload capacity shalf be 150% of rated current of motor for onc minule
for constant torque applications, and 110% of rated current for one minute for variable torque
applications at rated voltage. If the motor load exceeds the limit, the dnve shall automatically
reduce the [requency and voltage to the motor to guard apainst overfead, If foad demand
creceds the cument hmit for more than 1 minute, the drive shall shut down to prevent over
heating of the motor and damage to the drve.

During operatien, the system shall be capable of developing sufficient torgue wnder all load
conditions to respond to a 20% atteration in set point within a time limit op o 60 seconds,

The integrator action of the set point alteration shafl be independentty adjustablc for both an
upward and a downward alteration. The mmimum time interval hetween set point adjustment
by the distributed control system shall be considered as 10 seconds.

Dmive shall trip in case the speed exceeds 105% of the maxinmum operational speed and ¢ or
reduces 1o 95% of the minimum operational speed tor mare than 10 seconds.

Maximum noise lovel from the drive at 1 meter distance, under rated load with all normal
coohling fans operating shall not exceed 75 dB{A).

Variable frequency drive shall be arranged so that 1t can be operated in an open circuit mode,
disconnegited from the mosor for start-up adjustments and troubleshooting,

VFD shall be provided with Auto-Reacceleration feature with facility of enabling/disabling
this featurc at site.

Yendor 1o provide suitable voltmeter at VFD output side {after filter) so that final oubput
voltage at VFD end 1.c. afier taking mito account veltage drop within YED is avadable.

VTD System shall be designed to comply with EMC mequrements as per [EC #1800-
3 for conductive and radiated cmission, Type 1est weport for EMC compliance for VFD Fanel
shall be submitted by vendor. For longet cable lengths, requisite mitigation measures including
previding suitable filters in VFD panclz shall be provided by vendor to comply with EMC
requirements. Design and construction of VFD shall alse comply to safety requirements
specified in IEC &1800-5.

Cootrsl Requirement

The system shall operate on constant Y/ supply with required voltage boost capahility in low
frequency mode of opetation.
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522 Short time voltage dips upto 20% of nominal ( .z, in case of 3 latge motor start up conpected

523

224

325

526

327

52.8

5.2.9

to the same bus as YFD), shall not cause the contro} aysiem 1o stop functioning and shall not
trp the drive system.

The gystem shall also be equipped with a momentary powerloss ride through faature which
will vegtart the system in case of voltage dip over 20% or power interruptions for less than 2
seconds, with recovery of the voltage to its nominal vatue, The drive shall have the facility to
block this teature, if required by the operator. Upon restart, the converter shall be capable of
re-gynchronizing onte running moter and develop full accelerstion torque within 10 seconds.

The system shall be suitable for oumber of starts as per attached standand dpecification Tor
Medium Voltage Induction Motors.

The power controller shall be regulated to slways slart the molor in the forward direcion.
Logic shall be provided to prevent the moter from being staried in the reverse direction,

The drive molor shall be speed regulaled cotresponding 1o 4-20 mA or 0-10 V reference input
signal. Upon complete loss of the user's speed reference signal, the drive shall automatically
rim al copstant specd as determined by the last speed reference available prior to the loss of
signal,

It shalt be possible to vary the speed of the drive in either manual ot auto mode, Auto/Manual
selection shatl be tfrom YED panel unless otherwise specified.

al With the selector switch tn “manual™ mode, the operator shall be able to set the specd
through kev pad (mounted on Front of the drive panel) or from speed inercase/decreage
push buttons {frem the feld). Motor operated ¢ Dipital potentiometer shall be provided
as 4 speed set poinl device,

by With the sclector switch in “aute™ mede, speed of the motor shall be conirolled from a
4-20 mA synal, om owoer's PLOMCS (Process Contrel) system. Necossary
equipment tequircd for inlerfacing with PLC/DCS shall also be provided in the VFD
pancl.

c Local‘Remote selector switch shall be provided in local control station (in Field). With
the selector switch in “Local” mode, the operator shall be able to start and set the
speed through local control station (in Field), With the selector switch in “Remote”
mode, cperator shall be able 0 start and speed of the motor shall be eontrolled cither
from VETY papel or from Owwner's PLOIYCS as explained i a) and B) above, {For
loiat control station, also refer C1 5.5.7 helow).

The reqinred provisien for the interface with PLC/DCS (located at remwte control room)
including the details of comnunication module and data transfer facility, 10 details shall be
furnished. The contmenication interface shall be via serial conmmnication link with industry
standard open protocol e, MODBUS/Data Highway Plus/LEC-61850¢ RS485 etc. and same
ghall be coordinated with the interfacing equipment. In case the vendor is using their
proprictaty software, the interface sothware for nse with owner's system {software) shall be
provided.

Temperature contreller in VED shall receive signal from thermistor provided in the metor,
Contact of the same from temperatire controller shall be used in Start Pernussive.

Panel Construction

The pane} shall thelude suitable isolating device {i.e. Circunt breakerMCCB! Switch [use) for
main supply, contactors, semi conducting power devices (Dindes / IGBTY modules with
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3.3.2

534

3.3.6

333

539

5310

pratective devices, teaclors, filters, output iselating device (for VFIY wiath By-pass), control
circunt, contral acceszaries, indication atd anmmeialion ete.

Main isolating device shall function as a manual disconnect and shall be an AC thermal-
magmetic circuit besaker or a tused switch with dual element tuse to trip automatically on fault
currents, as specifiad in data sheet. Devices shall be lockable in the open position and shall
have 2 minimum interruphing capacity as specified in data sheet, Interlock shall be provided
between the dowr, so that door cannot be opened unless the breaker/switch is open.

The drve shall be suitably housed in sheet steel pancls amd shall be fsbricated wsing
Galvatised steel or any other matenial complying with EMU requirements & unpainted from
inside. The sheel stzel used for the panet shall be of minimum 2 mm thickness except the
doars & covers which will be of minimum 1.5mm thickness. The panel shatl be suitable for
indoor installaiion, if met otherwise specified. The panel shall be free standing with degree of
protecttan as min. IP-41 & Lype test report shall be submitted for the same. The maximum and
minirmm operating height shall e PYY mm and 300 mm respectively.

Bohed undnlled gland plate shall be provided at bottom with single compression type cable
gland. Clamp type terminals shall be used for connection of all wires up to 10 mm® and
terminal for higher sizes shall be bolted type suitable for cabte lugs. Minimum clearance
betwecn gland plate to cable termination peint for power cable termunation shall be 300mm
clear.

Bus bars shall be of electrolytic copper/alurminium, colour coded.  All the hive parts shall be
sleeved f shrouded 1o ensure complete safety Lo personnel mtending to camry out routine
inspection by opening the pancl doots. Al the equipment ingide the panel and on the doors
shalt be provided with suitable nameplate. All wires shall be ferruled and lerminals shall be
propetly numbered, minimum 20% spare tereminaks shall be provided, The (ype/matenal of
construction for all name plates shall be preferably anodived sluminum or 3-ply {Black-White-
Black) lamicoid sheets. However bhack engraved perspex sheet namceplates may also be
acceptable. Nameplates shall be fastened by screws and not by adbesives.

All the power and control switches shall preferably be mounted on the door and zhall be
operable externally. All the analogue instruments, wherever provided, shall be switch board
type, back comnected, SOx%cmum size. Scale shall bave red mark indicating maximum
perrmssible operating rating. All compopents mounted on DIN RAILL shall be provided with
cnd clamps except for components mounted firmty on base plates using screws.

Tach panel shall be provided with LED type illuminating lamp with MCB & door lmit switch
for lamp contrel. 5/15A, 240V power socket with switch shall be provaded Each pancl shalt
have space heater with variable settinp thermostat. Dual pole MOUB shall be provided for
isolation and protection of wtitity companents.

Copper carth bus of min. 30X6 mm size shall be provided at the bottom of the panel extending
wutside the panel on both sides, All the non-metathic components/parts shall be connected 1o
the mam earth bus bar. In case & separate earth bus for electronic contro} system is required,
the same shatt be indicated in the drawings,

All panels shall be of sume height so as to form a uniform line-up, to prve good aesthetic
appearance.

All the controd winng shall be encltosed in plastic channel. Each wire shall be identified at both
cuds by sclf=sucking wire marker tapes or PV C ferrules. Power and control wiring inside the
panct shatt be done with BIS approved, PYC msulated, flame retardant. low smoke, copper
canductar wire 1.5 man® sive wire shall normally be used provided the control fuse rating 15
10 Araps or less and 2.5 '’ size for control fuse rating abeve 16 A for electricu] ciroutts and
05 mm? for electromie circwts.
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5311 All eleciromic modutes and components shall be accessible from front of panel only. Modular

53.12

5313

5314

5315

54

53

551

plog-in‘draw-gut assembhes for both the system control electronic equipment and power
electronic equipments shall be used.

Suitable removable fype hooks shall be provided for Lfting the panel.

Conformal coating shall be done for all FCR, electronic equipments as per min. Clasg 302
{IIarsh environment) of IEC 60721-3-3. Alternatively, it shall comply with ANST/ TSA 571.04
class (G3 or [EC 600468-2-60 for mixed flow gas test or ASTM B&43,

Spare terminals of all the devices viz. relays, transducers, Digitali Analop I'O Boards cte, shall
bie wired upto panel texminal stop.

VED} Papel mcluding insulator supports, conductors etc. shall he designed to withstand
specified short cmewit currents for 4 period of mun | sec. Short circuit type test report
alengwith busbar sizing calculstions shatl be submitted by vendor For small rated VFD
protected  with ingoming SFUMMCOCE feeders hoving fault cument limiting features,
prospective short circuit current shall be considered.

Cooling

Cooling system shall include wetl-dimensioned papel, adequate cooling aitflow path, module
cooling fun and if necessary, panet cooling fan. Yendor shall ensure that the panel dimensions
and flow paths have been desigmed for continuous runming at the specified ambicot without
overheating, For fan cooled doves, redundant ventilating fans (N+1} shall be provided.
Necessary starters shall be provided within the VFD panels for these fans. In case redundant
conling fan is Rol possible te be mounted, same shall be supplied loose.

Equipment! Component Specification
Maotor

The motor shall be designed, constructed and tested in accordange with the attached standard
specitication for Medium Voltage Induction Motor, tn addition to the following requirements:

a) The motor shall be converter grade motor saitable for operation with a solid state
puwer supply consisting of an adjustable frequency inverter for speed comrol and shatl
comply to 1S 16724, IEC-H0034-25 and relevant part of 18/ 1IEC-HH7G,

b} The motor shall be suitable for the current wavelfomms produced by the power supply
mchuding the harmonics generated by the drve.

c} The motor shall be designed to operate continuousty at any speed over the range
{1-100%5) of rated speed or as specified in data shegt.

d} Motor shall be provided with thermistor type temperature detector.

g} The motors shall be provided wath Class 'F’ insulation with temperature rise hmitel to
Class ‘B’

f) Motor shall be desipned suitable to deliver the torque required for complete speed

torque charactenstics of the load considering the voliage available at the motor
terrmmnals after taking into account supply voltage tolerances, voltage drop withm VFD
penel ond voitage drop wathin cable as specified in cl. no. 5.1.2.

Fomat Mo 8-00-D3H1-F1 Rev O Copynght ERL — AH notds resarved
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g

b}

1)

1)

k)

1y

Motors requared ta be trapsferred to DL by-pass mode shall be cated for specified
variations in Hoe voltage, frequency and starting current lirmtations as specified in
data sheel.

The motor chall be construcled 1o wilthstand totque pulsations wsulting from
hamonics generated by the solid state power supply.

The motor insuladon shall be designed to accepl the applied voltage wave form,
within the V.., and dv/dt limits as per IEC-61800-2 and 6(H134-25,

The drive manufacturer shall be solely responsible for proper selection of the motor
for the given load application and the cutput characteristics of the drive,

Induced voltage at the shaft end of the motor at ne load shall not exceed 250 mV rms
for ruller and ball bearings and 400 mV for slesve bearings. The non driving end
beating shall be insulated from the motor frame to avoid circulating current. The
insutated heanng eml shaekl or pedestal shall bear a prominent waming. Insulated
hearing (Non Drive End) shall be provided imespective of motor frame size.

Motor for hazardous area application shall have valid type test certificate issued by
recognized independent test house cerifying that motor is suitable for comverter duty
application. Comesponding statutory approval (e.g. PESO/DGMC ele.) as applicable
tor the specified location shall alse be furnished tor the hazardous area motor.

5352 Converter Transformcer (As applicable)

The converter tansformer shall be suvitable for use with the vanable frequency drive syslem
and shall comply to WEC 681378-1. The impedunces of transformers with two secondary
windings for 12 pulse systemns shall be selected to ensure equal load/current sharing between
the two secondary windings, the converters and the motor windings under all operationa
condilions including starting and restarting. The transformer shal? be provided with 4 3% off
circuit taps i steps ol + 2.5%.

533 TPower Converter

a)

b)

c}

d)

The static power converter shall consist of a line side power converter for operation as
a rectifier and a load side power converter for operation as a fithy controlled inverier.

MNorrnally, lor all cutput short circuits, the inverter shall mnterrupt the current before
any semi-condyclor fuse blows, For inlcrnal short ciremits, semmi-conductor fuse
protcclion shall be provided, and Ffor Jaults upstream of semi-conductor fuses, the
converter shall be able to withstand a three-phase short circuit cutrent uotit internpted
by normal breaker operation. In case of fuseless design, the failure shall be limited to
the particular device, without causing any damage to other paris of the power module.
There must be clear annunciation of the fathwe of the deviee,

All power converter devices shall nclude co-ordination by peak voltage prolecting
stubber networks and di'dt and dv/dt networks.

The current rating of the conventer's semi-conducior cotmponents ghall not be less than
120% of the nommal comrent tlowing through the clements at Tull Toad of the VEL
through the whole speed range.

All power diodes shall be of silicon type with miniom Vi, rating as 2.5 times the
ratod operatimg voltage,

Format Mo, B-O0-FKH-F1 Rev © Copyright EIL — All nghts Fassrvesd
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fy The power converter circuit shall be designed so that motor can be powered at its fult

354

355

556

3561

3502

name piate rating continnously without exceeding its rated temperature rise duc to
harmonic currents generated by the inverter operation.

£} The conversion devices and associated heat sinks shall be assembled such that
melividual deviees can be replaced without requiring the wse of any specal
precaulions/tools.

5] The cooling system of the electrome components, if provided, shall be monitored and
necessary alarms shall be provided to prevent any conscquential damage to the power
control deviees,

i} All the power transistors, thyristors and diodes shall be protected with high-speed
senticonductor grade fuse. 't patticulars of the power eontroller devices and the fuses
shall be properly co-ordinated for the selection of fuses.

DL Link ! AC line Reactor

a) Smwoothing reactors for the DC link shall be designed to sufficiently decouple the
rectifier and inverter portion of the converler and to limit fault corrents m thos crcuit,
AC line reactors, # provided as per standard vendor design, shall be suptable Tor
harmonic suppression and fault current Hmitation,

k) The reactor shall be dry type, wir eooled or fan cooled type located within the panel.
In case of fan cvoled type, operation of funs shall be monitored.

c) Reactor shall be suitable for opetation with the non-sinuscidal current wave shapes
and DC components under all operational conditions of the system without excesding
its termpetabire Hmits.

Ouiput Filter

YFD output current waveform shall be inherently sinvsoidal at all speeds. Output filter
capacitors shall be provided with discharge cirewts to ensore that all residual stored charge is
reduced to less than 50V DC within 60 sceonds afler a loss of AC vollage.

The WFD system shall inherently protect motor from high voltage dvide steess & Vpeak
independent of cable length te motor. Output filter shall be an integral part of the VFD system
and mcluded within the VFD enclosure.

Bypass Feature

Ourput contactor or Load Break Switch shatt be provided for isolation between the output of
the controtler and the motor for VFD systems with Bypass featare,

Hypass feature shall be provided, if specificd in the data sheet along with VFD-Bypass
selecior switch, Accordingly Bypass featore with Bypass starter shall meet the following
requitements, unlesy otherwise specified 1n the data sheet:-

- Bypass starier shall comprise of switch-fose, comtactor, bimetal relay meeting the
requirements of Type-2 coordsmation as per ISAEC-60947. CBCT and GLR shall be
provided for mivors rated above 22KW & upto 55kW unless otherwize specificd i the
data sheet. Heavy duty starters shall be provided with saturable type current teansformer
operated overload relay only, which shall be suirable for motor starting time of 15-60
seconds, For mwtors rated above 55kW, ACB/MCCB and meotwr protection relay
{MNumencal Relay} along with necessary metering shall be provided, The communication
protecol of Numerical relay shall be TRC-61850 unless specified otherwise,

Fommal Ma B-00-30014 1 Rev 0 Copynaht EIL - All nighls resarvad



SPECIFICATION STANDARD SPECIFICATION No.

AR g ENGINFERS v
IS W NOA D yv vARIABLE FREQUENCY 6-51-0038 Rev. 3
DRIVE SYSTEM Page 13 o7 17

557

5.6

5.6.1

562

563

.64

- Bypass starter shall be in separate compartment and it shall be possible to isolate and
maintain the YFI} while dave motor rvos in Bypass mode. Three contactors! breakers
shall be uged for this purpose, one contactor in the bypass and two contactors across the
drive, such that in case of dove mal-opetation, the motor ¢ould be taken on bypass control,
while the drive could be attended by opening its contaciors. Suitable interlock shall be
provided such that bypass mede and VFD mode shall not operate simultanecusly.

Loeal Control Station
The local control station shall conform to the attached standard specification(s).

Meters in the local control station for motors rated above 5 5kW shatl be suitable for 4-20mA
transducer cutputs and shall be calibrated for the actual motor current unless specified
otherwise., Funther, for drves with bypass facility, the meters shall be capable of reading
bypass full load and starting currents, as well as the dive cument. Local-off-Remote selector
switch shall be provided in the LCS for selection of controd from Local (1e. LOCS in Field} and
Remote (i.e. from VFD panel / DCS 7 PLC).

Vendor to ensure that suitably sized canopy shall be provide by vendar for outdoor LCS which
will cover LCS from all 3 sides and protect the LCS from rain water in all directions.

Auxiliary AC power supply for LCP/LCS shall be derived by vendor.
LCS shall be provided with 2004 spare terminals.
Protection, Control, Metering and Indication / Annunciation

The tapufacturer shall provide all the necessaty system control, protection, alarm equipment
and meteting for the entire dtive system and its auxiliary equipment,

Automatic gequence conttol ghall include start-up of cooling system, interlock checking,
automatic start and ran-up of drive, planned and emergency shotdown. The same shall be
processed through microprocessor based system.

Operator Control Panel

Each dnve shall be equipped with a front mounted operator control panel consisting of a
backlit alpbanumenc display and a keypwd with keys for Run/Stop, Local/Remote,
Increase/Thecrease, menl navigation amd paramcter select/save. All parameter names, fault
messages, warnings and other information shall be displayed in Complete English words or
standard English abbreviations 1o allow the user to understand what 15 being displayed without
the use of a manoual or cross-reference table. This shall also be used for the modification of al
electrical values, confipuration parameters, diive menu parameters. application and actrly
function access, faults, local control, adjustment storage, self test and diagnostics.

Protective Features

The system offered shall incorporate adeguate protective features, property coordinated for the
thive control and for motor but not Bmited to the following:

1} Incommy Ine surge protection

11} Under / Over voltaye protoction

i} Phase loss, phase reversal prolection

v} Prograrminable Over current prote: bon

v} Inverter Fault protection

vi] Ower frequency /ver speed protection of motor

Formal Mo B-00-0001-F1 Rev [ Copynght EIL - Alk nphts resened
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vii) Ventilation loss {In case same is not provided, drive chall pencrate an over
temperature faglt alarm, Suitable sensors as required for same shall be provided)

vill)  Ower temperature protection of equipment

X} Complete motor protection

x} System Earth fault Protection

565 Alarms

The system shail incorporate protection alarms, required for various fault conditions, for the
Dmive motor, Supply cables, Converter Transformer, DIC Reactor and the Convertar,  Alarms
shall alsc be included for the failure of vanous auxiliaries together with identification of the
failing unit, loss of cocling system, various protection devices provided Fw comverter
transforrmer ete,

5646 Controls

The following controls shall be provided as a part of the Operator Control Panet or through
separate switches,

i) Start/Stop

i) Speed control (Raise/tower)
m} Forward/Feverse

v} Auto/Maoual mode

V) Emergency stop

vi) Start/stop for by pass starter
wit}  Trip-Remote upstrean: foeder

567 Indications

The following indications shall be provided as a part of the Qiperator Contrel panel.

1) Moator running

11} Motor stopped

1i1) YFD System Fault
iv) System ready to start
v} AU mains ON

vi} Motor over speed
vil) Drrive "ON'

vil)  Motor zero speed
ix} Bemote breaker trip

Potential free contacts of items i) - 1v) shall be wared separately for imbeations m DOS system.
568 Metering

Dgital display of the following parameters shall be as a part of the Operatar Control Pancl,
selectable by the operator.

i) Triput AC vollage

1i} Input AC frequency

) Tnput AC Current

i) Ouipi voltage

v) Cruiput current YFD / Bypass
vi} Output frequency

WL Dirive thermal state

viid  Motor speed

x) Motor energy meter

x} Run hous meter

Fotmal Mo BO0-MMM-F1 Rev 0 Copyright EIL — All nghts reserved
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569

5.7

5.8

Necessary dual type transducer shall be provided with 4-20mA outpat for indicating motor
speed and motor current i DHOS under both YEFD and Bypass mode of operation.

Annunciations

Potential free contacts shall be provided for following annunctations and shall be wired up to
terraintal block for owner's use for remate monttoring,

i} Eectifier fose failure/Drive fault
i} Main AC failure
ui} Inverter fus: failure/Drive fault

iv} loverter overload
vy Inverter high temperature/Drive fault
V1) Failure of panel coclng system

iy Motor Lailed to start/Drive faalt
All drive internal [awlts wilk be annunciated as dnve Tault,

Fault Diagnostic

Faualt dizgmostic shall he butlt into the system to supurvise the operation and failure of the
system. The information regarding finbure of any of the system including s down of the
systemn shall be available for 4 peniod of mimimum 4 days {96 hours) after a shut down even
though no sapply wounld be available o the aystem. The sysiem may be totally de-energized
for maimenance or otherwise. It shall be possible to retricve the record of events prior to
tripping of the system or de-enerpisation. Auxiliary supply to the system componcats or 1o the
electronics (firnvware) for the diagnostics / display shatl be taken care by the mamufacturer for
this purpose.

Contrel Circuit

Control supply for devices external to VFD module ie contactors control, indicatmyg lamps,
digital meters {Ammeter, Voltmeter, Speedometer) etc. shall operate on 240 ¥ coutrol supply
durived from single-phase control supply transformer, with switch-fuse provided 1t primary
and MCB in secondary, located inside the drive controller.

Cne No. 110V DC/TIOV ACG 230V AC UPS Supply for each VFD panel shall be provided by
owner for VFI} controf logic. Power supply at any other voltage shall be derrved by vendor.
Cenversion of thus FI0V DC /S 110V AC S 230V AC supply to any other voltage level or to
ACDC power supply shall be take care by vendor by providing suitable converior/inverter
madule inside VFD pancl.

240¥ AC space heater supply for pane! and motor space heater shall be provided fom
catimmal source by owner.

5.% Reliability Features

1} The expected life time of the VFD shall be mimmum 20 years, The VFD including all
individual compenents forming part of the aystermn shall have an availabihty of minienim
0.997 and a merurmain MTBF of 4 years.

i1y The confroller design shall incorporate the followityg rehability features:
- Pre-tested componcnts with power compopents to be 10004 tested under dynamic

conditions,
- Pouted circost beards shall be computer wisted and adjusted

Fommal Mo, B-R0-0001-F1 Rev. O Copyright EIL — All nghts reserved
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.10

all
3111

5112

5113

6.0

.1

6.2

6.3

f.d.

7.0

- Printed circuit boards shall be temperature cycled for a minimum of 40 houts,
- Printed circuit boards shall be treated for tropical, humid and costosive enviromment,

Maintenance Featmires

The controller design shall incorporate the tollowing maintenance features:

- Madular construction

- Printed circwil boards shall be plug connected.

- All componcrts shall be easily accessible from the front of the enclosure.

- Stamlard disggmostics > aid mamtenance persomnel. These shall include LED ot
alphanumeric displays, test or measurement points.

Painting

All metal surfaces shall be thoroughly cleaned and de-greased to remove mill scale, Tust,
grease and dirt. Fabrcated structures shall be pickled and then rinsed to remove any trace of
acid. The vnder-surface shall be prepared by applying a coat of phosphate paint and a coat of
yellow zinc chromate primer. The under-surface shall be made free from all imperfections
before undertaking the fmishing coat,

After preparation of Lhe wnder surlace, the panel shall be provided with epoay based powder
coating. The cotot shade of the final paint shall be RAL-7032, unless otherwise specified.
Pane| finish shalf be free from ymperfections like pinholes, orangs peels, ot paint, etc.

All wmpainted steel parts shall be zinc passivated, cadmium plated or suitably treated to
prevent tust and corrosion. If these parts are moving elements, then these shall be greased.

INSFPECTION, TESTING AND ACCEPTANCE

During fabrication, the VFD shall be subject to inspection by EIL / Owner, or by an agency
authonized by the Owner, to assess the propress of work, as well as to ascertain thal onty
quality taw material s used. The manufacturer shall fumish all necessary nformalion
concerning the supply to ELL 7 Ovwner's inspectors.

All teats shall be carricd ol at the manufacturer's works under lis care and expense. The tests
shall he withessed by an inspector of EILS Owner or of an agency authonzed by the owner.
Prior notice of minimum 4 weeks shall be given 1o the inspector for witnessing the tests.

Complete VFD system (as defined in CL.1.0 shove) shall be offered for test & inspection as
pet EIL Std. [TP 6-81-1038. In case of HY Converter transtormer used as input transformer
for MY I3rive, sarmi shall be offered for test & mspection as per EIL Std. ITP 6-81-i044 in
comphiance to IEC 61378-1 at manwfcturer's works, b case combimed testing requircment 1s
mentioned i PRTrata shect, testing shall be camied out on Complete VED with fob motor as
per CIL Sud. FI'P 6-81-134, For huzardous arca application, requirements specified in cl no.
3.5.1.1) above shall also he comphicd.

String Test with Driven Equipment

Ha string Lest with doven equipment is required, this will be mentioned in the data sheet of the
driven cguipment.

PACKING AND DESFATCH

All the eguipment shall be divided into several shipping sections for protection and case of
handbng during transponiation. The equipment shall ke properly packed tor selected mode of
trangporlatwm i, shipTail or trailer. The papels shal! be wrapped in polyethylene sheets
before being placed In wooden crates/cascs to prevent damage Lo the finish. Crates/cazes shall
have skid hattomns for handlmg, Special notations such as *Fragle”, “This suide up’, “Weight',

Formal M. 8-00-03001-F1 Rev 0 Capyrighl EAL — All ights reserved
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*Owmer’s particulars’, *PO nos.” etg., shall be ciearly matked on the package together with
other delails as per purchasat for serutiny.

The equipment may be stored outdoors for long periads before installstion, The packing shall
be completely smitable for outdoor storage, in areas with heavy rams/high ambient
temperaire.
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Abbreviations:
AC 2 Alternating Current
BEE : Bureau of Energy Efficiency
BS : British Standards
BIS : Bureau of Indian Standards
BDV Breakdown Voliage
CBIP Central Board of Irrigation & Power
CEA Central Electricity Authority
CT - Current Transformer
DC : Direct Current
ECS Electrical Control System
FEC Fire Extinguishing Cubicle
FRLS : Flame Retardant Low Smoke
FO : Fibre Optic
Gl ; Galvanised Iron
GSM Global System for Mobile Communication
HMI Human Machine Interface
HV High Voltage
EC: International Electro Technical Commission
I[EEE : Institute of Electrical and Electronics Engineers
P Ingress Protection
IS . Indian Standards
KNAF (Non-Mineral) Oil Natural Air Forced
KNAN : (Non-Mineral) Oil Natural Air Natural
KV Kilo Voli
KVA Kilo Volt Ampere
LED Light-emitting diode
Lig . Light Interface Unit
LV : Low Voltage
MR Material Requisition
MSL Mean Sea Level
MY Medium Voltage
NABL : National Accreditation Board for Testing and Calibration Laboratories
NEMA : National Electrical Manufacturers Association
NGR - Neutral Grounding Resistor
NIFPES: Nitragen Injection Fire Prevention and Extinguishing System
NO : Normally Opened
opv Oil Drain Valve
OEM Original Equipment Manufacturer
OLTC - On Load Tap Changer
OMAF Oil Matural Air Forced
OMAN : Oil Natural Air Natural
OTl Oil Temperature Indicator
PESO Petroleum and Safery Explosives Organisation
PLE Programmable Logic Controller
PO i Purchase Chrder
PVC Poly Vinyl Chlonde
PRV Pressure Release Valve
RPRR : Rapid Pressure Rise Relay
R1CC - Remote Tap Changer Control
SCADA: Supervisory Control and data Acquisition
R b Short Message Service
55 : Siainless Steei
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TCIV Transformer Conservator solation Valve
TPN Three Phases and Neutral
VDE Verband Der Electrotechnik. Elecktronik und Information Stechnik
WTI Winding Temperature Indicator
XLPE : Cross Linked Polyethylene

Electrical Standards Committee
Convener: Mr. Harish Kumar

Members: Ms. Arvind NP Singh
Mr. Raman Sood
Mr. Bishan Dass
Mr. Rajiv Kumar Saha
Mr. Vijay Kumar
Ms. Shirali Aggarwal
Ms. Rashmi Singh Rathaur
Mr. Ayush Mathur (Projects)
Mr. Rajesh Sinha (PDD)
Mr G Suresh (Inspection)
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1.0 SCOPE

The intent of this specification is to define the requirements for design, manufacture, testing, packing
and supply of MV (=1kV upto 33kV) & LV (upto 1000V) oil filled power/distribution transformers
along with nitrogen injection fire protection system (if specified in MR/ Tender specification).

2.0 CODES AND STANDARDS

The equipment shall comply with the requirements of the latest revision of the following standards

issued by BIS.

[S:5
15:335
IS:1180-1

IS:1180-3

I1S:1271
15:1747

1S:2026
{ Various Parts)
1S:2312

15:2705
15:3024
15:3347
15:3401
15:3624
15:3637
[5:3039
[S5:4253 Pan-2
15:4201
15: 7098 Part-1

1S:8468
15:8478
IS:1114%9
IS 13503
I1S: 16081

IS: 16227

IEC 60076
{Various paris)
IEC 60214

IEC 60296

IEC 60599

Colours for Ready Mixed Paints and Enamels
MNew Insulating oils - Specification

Outdoor type oil immersed distribution transformers up to and including
2500 kVA, 33kV — Mineral Oil Immersed

Outdoor/indoor type liquid immersed distribution transformers up to and
including 2500 KVA, 33 kV — Natural/ Synthetic organic ester liquid
immersed

Electrical insulation - Thermal evaluation and designation

Nitrogen Compressed gas and Liquid-Specification
Power transformers

Specification for propeller type AC ventilating fans

Current transformers

Grain Onented Electrical Steel Sheet and Strip

Dimensions for porcelain Transformer Bushings

Silica Gel Specification

Specification for pressure and vacuum gauges

Specification for gus - Operated relays

Specification for fittings and accessories for power transformers
Cork composition sheets - Specification: Part 2 cork and rubber
Application guide for Current Transformer

Specification for crosslinked polyethylene insulated pve sheathed cables:
Part | for working voltages up to and including 1100 volis
Tap - Changers Part | Performance Requirements and Test Methods

Application guide for On-load tap changers
Specification for rubber gaskets
Classification of insulating liquids

Insulating Liquids — Specification for unused synthetic organic esters for
electrical purposes

Instrument Transformers

Power transformers

Tap-changers

Fluids for electrotechnical applications — Mineral insulating oils for
electrical equipmen

Mineral oil-flled electrical equipment in service - Guidance on the
interpretation of dissolved and free zases analysis

Farmat No. 8-00-0001-F1 Rev. 0
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[EC:61869 Instrument Transformers
IEC:62535 © Insulating liquids - Test method lor detection of potentially corrosive
sulphur in used and unused insulating oil
IS/NEC:60137 Insulated Bushings for Alternating Voltages above 1000 V
IS/IEC 60273 . Characteristic of Indoor and Outdoor Post Insulators for Systems with
MNominal Voltages Greater than 1000 V
IS/EC:60529 Degree of protection provided by enclosures (IP Code)
IS/IEC:60947 LV switchgear and control gear.
ISAEC 61850 . Communication Networks and Systems for Power Utility Automation
IEEE C37.91 - 1EEE Guide for Protective Relay Applications to Power Transformers
IEEE C57.104 ¢+ 1EEE Guide for the Interpretation of Gases Generated in Mineral Oil-
Immersed Transformers
CBIP GP-317 . CBIP Manual on Translormer
GOl Order : Latest Gazetie of India Notification
NEMA TR-1 1 Transformers, Regulators and Reactors

2.1.  Incase of imported equipment, standards of the country of origin shall be applicable if these standards
are equivalent or stringent than the applicable Indian standards.

2.2, The equipment shall also conform to the provisions of CEA Regulations and any other statutory
regulations currently in force in the country.

23 In case Indian standards are not available for any equipment, standards issued by
IEC/BS/VDE/IEEE/NEMA or equivalent agency shall be applicable.

24, In case of any conflict between requirements specified in various applicable documents for the project,
the maost stringent one shall prevail. However, Owner/ EIL decision in this regard will be final and
binding.

30 GENERAL REQUIREMENTS

3.1.  The offered equipment shall be brand new with state of art technology and proven field track record.
Mo prototype equipment shall be offered.

3.2, Vendor shall ensure availability of spare parts and maintenance support services for the offered
equipment for at least 10 years from the date of supply.

3.3, Vendor shall give a notice of at least one vear to the end user of equipment and EIL before phasing
out the product/spares to enable the end user for placement of order for spares and services.

4.0 SITE CONDITIONS

4.1.  Transformer shall be suitable for installation and satisfactory operation in tropical, humid and
corrosive atmospheres. The transformer shall be designed to operate under site conditions as specified
in data sheet. If not specifically mentioned therein, desien ambient remperature of 40°C and altitude
not exceeding 1000m above MSL shall be considered.
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5.0

51

5.2,

B,

5.5.

5.6.

5

5.8.

59

el

CONSTRUCTION

Transformer tank shall be of welded sheet steel construction and provided with gasketed steel cover
plates. Base shall be suitably reinforced to prevent any distortion during lifting. Base channels shall
be provided with skids and pulling eyes to facilitate handling.

Transformer shall be double wound, core type with high grade cold rolled non-aging grain
oriented low loss, high permeability silicon steel laminations (M-4 or better grade) perfectly insulated
and clamped to minimise vibration and noise. Care shall be taken to insulate core-fastening bolts to
reduce losses and avoid hot spots. All parts of magnetic circuit shall be bonded to earth system.

Power/ Distribution Transformers shall have conventional type of windings. However, distribution
transformer with Foil type LV windings are also acceptable. Windings shall be of copper ahd shall be
designed to withstand the applicable thermal and dynamic short circuit stresses.

All covers and seals shall be oil and airtight and shall not be affected by mineral or synthetic oil action.
Detachable radiators (tank mounted) equipped with air vent, drain plug and lifting lugs shall be
provided with shut-off valves for transformer rated more than or equal to 500kVA to permit removal
of any radiator unit without emptying the tank. Radiators shall be securely braced to prevent undue
vibration.

All fasteners and bolts etc. shall be galvanised. All surfaces to be painted shall be thoroughly cleaned,
de-scaled, made free from rust and transformer shall be epoxy painted.

Different non-current carrying parts of transformers shall be connected by copper flexible for earth
continuity purpose.

Transformer shall be supplied with first filling of oil and 10% extra oil in non-returnable drums. Oil
shall conform to 1S-335 (Mineral Qil) 16081 (Synthetic Ester Oil) as specified in MR/tender.

Distribution transformer rated upto 2500 kKVA shall comply with latest [5-1180 (Part-1) 15-1180
(Part-3) (including amendments) and latest Gazette of India Notifications. Accordingly, efficiency of
transformer at 50% and 100% load shall be considered with total losses at 50% and 100% loading not
exceeding maximum losses values specified in Table-6 of IS-1180 (Part-1)/ IS-1180 (Part-3):
{including amendments) for Energy Efficiency Level 3/ Table-3 of GOI Notification dt. 08 Dec 2023,
BEE Star Rating 3 (including latest GOI Notifications). Higher energy efficiency levels/ star ratings
shall be provided, if specified in MR/ Tender.

The transformer shall bear standard mark of the Bureau of Indian Standards in line with Gazette of
India notifications. Copy of the license obtained from Bureau of Indian Standards shall be furnished
by vendor in compliance with 1S-1180 (Part-1)/ 1S-1 [80 (Part-3). Further, energy efficiency labelling
for distribution transformier shall be also provided as per Bureau of Energy Efficiency (BEE).

Temperature rise limits shall be limited to limits of Temperature rise specified in Gazette of India
notifications/ [S-1180 (Part-1)/ 15-1180 (Part-3).

The guaranteed mimimum value of efficiency shall be demonstrated during inspection,
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6.0

6.1.

6.3.1.

6.3.2.

6.3.3.

6.4.

6.5.

6.6,

6.7.

TERMINALS AND MARSHALLING BOX

Windings shall be brought out and terminated on outdoor bushings, cable boxes or bus-duct chamber,
which will be located as specified in MR/ Tender.

When outdoor bushings are specified, these shall be supplied complete with terminal connectors
suitable for the specified conductor size.

Cable box shall be supplied with cable lugs and glands.

For HV XL.PE Cables and MV XLPE Power/control cables, double compression nickel plated brass
cable glands and ¢crimped type tinned copper cable lugs shall be supplied. Gland plate shall be
removable type. For single core cables, gland plate shall be of non-magnetic material. HV cable box
shall be suitable for termination of specified size of XLPE insulated cable. The head-room available
between cable gland plate and terminals shall not be less than 600mm for cable upto |1 kV, and 900
mm for 22 kV and 33 kV cables. Cable box and disconnecting chamber shall be air insulated,

Cable box shall be weatherproof to minimum IP-55. For fixed portion of cable box, inspection cover
with lifting handle shall be provided.

Primary cable box (where applicable) shall be able to withstand specified primary system fault level
for 0.20 second.

Terminal chamber for bus-duct termination shall have a gasketed cover plate bolted to it and shall be
weatherproof to IP-55. A separate inspection cover with lifting handle shall be provided to facilitate
cannection and inspection.

Marshalling box shall be weatherproof and vermin proof with minimum [P-55 degree of protection.
All protective devices and neutral CTs shall be wired by means of XLPE insulated copper conductor
armoured cables (As per IS T098-Part 1), FRLS type upto the marshalling box. Terminals shall be
clamp type. Removable gland plate with double compression type glands shall be provided. Lamp
with switch & socket shall be provided in the marshalling box. Preferably, marshalling box shall be
located on the front side of transformer unless authorised by purchaser. Marshalling box for the
distribution transformer shall be mounted on the transformer, Marshalling box for power transformer
shall be mounted on transformer/ wall mounted/ pedestal mounted as agreed by purchaser.

For transformers having provisions for terminating TPN bus duct on the 433V side, neutral of the star
connected secondary winding shall be brought out to a secondary terminal chamber. CT(s) shall be
mounted (if specified) on the neutral terminal with CT secondary wired up to the marshalling box.

A separate neutral bushing shall be provided for neutral earthing of transformers. The neutral CT(s})
shall be mounted as below: -.

a}  CT for S1G shall be located in the earth path after bifurcation of neutral.

by CT for 64 R can be located before bifurcation of neutral,

Supporting arrangement for Gl strip/cable as applicable shall be provided for connection of neutral
bushing to earth/NGR.
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6.8.  All contacts including ‘spare contacts™ and ‘contacts for Owner's interface’ shall be duly wired &
terminated at the terminal block,

7.0 COOLING

7.1.  Type of cooling shall be in accordance with MR/ Tender.

7.2.  Forced air-cooling system shall have a weather proof [P-55 control panel to be installed on the body
of the transformer, complete with cooler controls and cable glands necessary for Purchaser’s external
cable connections. Contacts shall be provided for remote indication/alarm for following operating
conditions:

a) Auto/manual selection

b) Winding over temp.

¢} Fans ON (for each fan separately) & Fans tripped (for each fan separately).

Cooling fans shall be complete with mounting/supporting structure. These shall be suitably sized to
limit the temperature rise of the transformer to specified values with continuous maximum loading of
ONAF/KNAF rating and at maximum specified ambient temperatures. One standby fan per 50%
cooler bank shall be provided.

In Auto mode, all fans including redundant fans shall be running. In manual mode, provision shall be
made for starting each fan independently

8.0  TAPPINGS & CONTROL

8.1.  These shall be provided on high voltage side and connected to off circuit or on-load tap changing gear
as specified in MR/ Tender. Under conditions of external short circuit, the tap changing cquipment
shall be capable of carrying the same current as the windings.

8.2, OIff circuit tap changing gear:

Off circuit tap changing gear shall have an external operating handle mounted on the transformer side

and shall meet the following requirements:

a) Positive snap-action contact changing

b) The mechanism shall be such that it is impossible for the contacts to be set in a position whereby
the windings remain open-circuited or partly short-circuited.

¢} Mechanical stops at the ends shall be provided to prevent overrun.

d) The driving rod through cover or tank wall shall be properly sealed against oil leakage under all
service conditions.

The handle shall be metallic and adequately sized in order to allow operation without the need of tools

and shall be located in a directly accessible position

The handle shall be provided with padlock facilities to lock the tap changer in the desired position.

Tap positions shall be clearly marked in line with the data given on the rating plate.

8.3 On Load Tap Changer
Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved
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8.3.1. High speed on load tap changing gear with number of steps as specified on MR/ Tender shall be
provided and mounted on the transformer. The OLTC gear shall have diverter resistance and the
current diverting contacts shall be housed in a separate oil chamber segregated from the main tank of
the transformer. The contacts shall be accessible for inspection and their tips shall be replaceable.

OL.TC oil chamber shall have oil filling, drain and sampling facility. It shall be provided with oil level
indicator, connection orifices, valves and silica gel breather. Pressure relief device with trip contact
and oil surge relay with trip contact shall be provided for OLTC.

8.3.2. OLTC shall be provided with local and remote controls.

8.3.2.1. Local Control

a) Manual-Mechanical Control

The cranking device for operation of the OLTC gear shall be removable type and located at a height
not exceeding 1 500mm above ground level for easy operation. The mechanism shall be complete with
normal accessories including at least the following: -

i. A mechanical tap pnsit.inn indicator (Rated tap voltages shall be marked on the diagram plate).

ii. A mechanical operation counter.
ii.  Mechanical stops to prevent over cranking of the mechanism beyond extreme tap positions.

b) Electrical Control

Control circuit shall incorporate the following:
i. Local/remote manual electrical operation.
ii. Device to ensure a positive and full completion of tap change once it is initiated even if here is

loss of power.
iii.  An interlock to cut-off electrical control automatically upon recourse being taken o manual

mechanical control in emergency,

iv.  Electrical interlock to cut-off a counter impulse for a reverse tap change, being initiated during
a progressive tap change and until the mechanism comes to rest and resets circuits for a fresh
operation,

v.  All auxiliaries and devices for electrical control of OLTC gear shall be housed in a weather-

proof cabinet mounted on the transformer and shall include:

— Local tap position indicator

— 5-digit operation counter

~ Cubicle lighting

— Thermostatically controlled space heater,
Miniature circuit breaker with magnetic and thermal overload devices for controlling the
incoming supply to the OLTC motor.

— Padlocking arrangement for the hinged cabinet door.

— Removable plate with cable glands.

— Inside tag with control scheme indelibly marked.

£32.2 Remote Tap Changer Control Panel

a) Remote Tap Changer control panel shall comprise of the following:

Individual/parallel control on Master follower sequence selector switch,

Naizellower controd swiich
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b)

Potentiometer type tap position indicator
— Out of step relay.
~ Time delay relay.
- Indicating lamp for out of step.
Out of step buzzer.
— Indicating lamp for tap changer supply available.
— Indicating lamp for tap change in progress,
~ Voltage Sensing Relay (If specified)

RTCC panel shall be dust & vermin proof, floor mounting, and free-standing type. The enclosure
shall be cold rolled sheet of 2.0 mm thickness. All doors and opening shall be provided with
neoprene gaskets. RTCC can be offered in conventional or digital configuration unless a specific
tvpe of RTCC is mentioned elsewhere in the MR/ Tender.

8.3.3. OLTC, wherever called for, shall be suitable for bi-directional power flow.

9.0 ACCESSORIES

9.1 The following accessories shall be provided as a minimum:
a) Rating Plate
b) Terminal marking Plate
¢) Two earthing terminals
d) De-hydrating breather
e) Conservator
f)  Air release Device (for transformers with conservator)
g} Oil filling hole with cover
h)  Oil Level indicator with alarm contact
i}  Thermometer pocket
1) Oil temperature indicator with alarm & trip contacts
k) Winding temperature indicator with alarm & trip contacts (for transformers of rating 500 KVA
and above)
I} 4-20mA transducers for OT1 & WTI (For Transformers rated above 1000kVA)
m) Pressure relief valve shall be provided (with trip contact)
n)  Sampling valve
o) Conservator drain valve
p) Top oil filter valve
q) Drain cum bottom filter valve
r}  Double loat Buchholz relay
5)  Separate neutral bushing outside terminal box with connector assembly
t) Inspection cover
u) Terminal box
v} Marshalling box
w) Lifting lugs
%) Jacking lugs
¥) Cross channels with towing lugs
z) HVand LV bushings

9.2.  Conservator shall be complete with oil filling plug and cap, oil drain valve, oil level gauge in addition
to magnetic oil level gauge. A flexible ml resistance air bag shill be provided for conservator for
transformer rated above 2500k VA unless specified otherwise in MRS Tender. Air bag shall be designed

1 withatand repeatad expansion and contmstinn dus 1o changes in ol level,
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9.3.  Separate buchholz relay shall be provided for main tank and OLTC chamber. This shall be double

float type for the main tank with separate normally open trip and alarm contacts. For the OLTC
chamber the relay shall be of single float type or oil surge relay with one trip contact. Isolating valve
shall be provided on either side of the relay and distance piece shall be supplied.

94 Size of valves for drain, filter and sampling shall be as per table below,
Transformer rating Size of drain Size of filter valve | Size of sampling valve
(kVA) valve (mm) mm Mm
Upto 1600 25 25 15
=1600 to 10000 50 25 15
> 10000 to 25000 80 50 15
>25000 to 50000 100 50 15
=>50000 100 50 15

9.5.  ECS Interface signals as listed below shall be provided if specified in the data sheet / projects
specifications.

a) Selector switch status (OLTC/RTCC/Remate Control mode)
b) Master/ Follower status

¢) Auto/Manual mode status

d) Tap changer out of step status

¢) Tap changer stuck status

f) Tap changer status signal (Digital) for each step

g} Control Supply failure for RTCC Panel / OLTC

h) Raise/Lower Control from ECS

10.0 NITROGEN INJECTION FIRE PREVENTION AND EXTINGUISHING SYSTEM (NIFPES)
Nitrogen Injection Fire Prevention and Extinguishing System (NIFPES) provided by the
manufacturer/ vendor shall be complete in all respects. The scope shall cover design, supply,
installation, connections, testing & commissioning. The scope also includes provision of heat/ fire
detectors (sensors), required pipes, cable connections ete. All other components meant for activation
and successful operation of the NIFPES shall be provided by the manufacturer/vendor.

10.1.  Nitrogen Injection Fire Prevention and Extinguishing System (NIFPES) shall be designed to prevent
the fire from taking place in the transformer and possible explosion of transformer tank due to internal
faults/ arcing. In-case of fire inside the transformer tank, the NIFPES shall be capable of extinguishing
the fire, minimizing the damage to the transformer and thus avoiding the spread of fire.

10.2.  NIFPES system shall work on the principle of drain and stir of transformer oil. On activation of
NIFPES, it shall isolate conservator tank oil from the oil in the main transformer tank, drain a pre-
determined quantity of oil from the tank top through drain valve to reduce the tank pressure, and inject
nitrogen gas from the bottom side of the tank through the inlet valves to create stirring action and
reduce the temperature of oil 10 prevent! extinpuich the fire, On the operation of NIFPES, the guantity
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of oil removed from the tank shall be such that adequate amount of oil shall remain in the transformer
to cover the active part of the transformer i.e. the core-coil assembly. The NIFPES shall be designed
in such a way that heat/ fire detection period upon commencement of incident will be maximum 10
second and fire extinguishing period on commencement of Nitrogen injection shall be 30 second
{(maximum).

10.3.  The detection properties of the detector/ sensor shall be site configurable.

10.4.  Electrical isolation of transformer shall be an essential pre-condition for activation of NIFPES system.

10,5, Operation controls

The system operation shall be automatic and will be activated when the pre-set conditions of activation
of the system are attained/triggered. Maximum time period for extinction of fire from commencement
of nitrogen injection into the transformer shall be 30 seconds. In addition to automatic operation,
remote operation from the control room/remote centre/local control in the fire extinguishing cubicle
(FEC) shall also be provided. System shall operate in the following situations:

10.5.1. System Activation in Fire Prevention Mode

To prevent fire and explosion in the transformer including that from internal fault, signals from the
following shall be used to activate the NIFPES:

a) Operation of either of the protective relays i.c. differential or restricted carth fault REF) er over
current;

AND

b} Operation of either protective relays [Buchholz Relay or Pressure Relief Valve (PRV)] or the
signal from Rapid Pressure Rise Relay (RPRR)

AND

¢) Operation / Feedback of tripping of associated circuit breakers

Transformer shall be electrically isolated after which only the NIFPES shall operate. In case of some
problem in main protection, the NIFPES shall derive the operation signal from the backup protection.

However, the exact logic for system activation shall be finalized duning detailed engineering,

10.5.2. System Activation in Fire Detection Mode

In case of fire detection mode, signals from the following shall be used 1o activate the NIFPES:

a) Fire‘heat detectors/sensors

AND
by Operation of either of the protective relays [Buchholz relay or Pressure Relief Valve (PRV) or
Rapid Pressure Rise Relay (RPRR))

AND
c) Operation / Feedback of tripping of associated circuit breakers

Format No, 8-00-0001-F1 Rev. O Copyright EIL — Al righls resarved

Paade 4036 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



' SPECIFICATION STANDARD SPECIFICATION No.

a5ifelere] &= ENCGINEERS FOR
Wﬁﬁﬁ b luideanllig LV & MV OIL FILLED 6-51-0041 Rev. 7
TRANSFORMERS Page 14 of 21

Transformer shall be electrically isolated after which only the NIFPES shall operate. In case of some
problem in main protection the NIFPES shall derive the operation signals from the backup protection
system.

However, the exact logic for system activation in [ire detection mode shall be finalized during detailed
engineering.

10.5.3. IT the fire detection is not associated with any other fault, the system activation shall be manual.
Manual operation switch with a proper cover to avoid inadvertent operation of the switch, shall be
provided in the control room / remote center and in FEC. Interlock shall be provided so that manual
operation shall work only when the transformer is completely electrically isolated. NIFPES shall
operate once the circuit breakers are isolated and feedback signal for isolation of breakers is received
on NIFPES panel. The manual operation of NIFPES shall override the automatic operational mode
and the operator shall ensure the complete isolation of the transformer before activation of the

NIFPES.

10.5.4, The NIFPES manufacturer should provide the warning information on the Control Box and Fire
Extinguishing Cubicle (FEC) that “Ensure that HV, IV and LV breakers are open before operating in
Manual Mode " both in Hindi and English and the local language as prevalent.

10.5.5. The logic for OLTC and Cable box protection shall be on similar lines as that of transformer main
tank in case if separate provisions are being provided by transformer OEM.

10.6, Operation of System
On receiving activation signal, the system shall:

a) Open the quick opening drain valve of transformer to drain its top layer oil (pre-determined
quantity ),

by Shut off the transformer conservator isolation valve (TCIV) to prevent flow of oil from the
conservator tank to the main transformer tank; and

¢) Open the valve to inject Nitrogen into the transformer tank to create stirring of oil.

There shall be interlock to prevent activation of the system if the transformer is not electrically
isolated. There shall also be provision for isolating the system during maintenance and/or testing of
the transformer.

The system shall be designed in such a manner that Nitrogen purging shall commence only after
ensuring that the oil draining has commenced.

10.7. Technical Particulars

10.7.1. The vendor/manufacturer shall be responsible for design of the complete system and shall submit the
drawings and design calculations for the number of Heat (Fire) detectors (sensors), sizing of drain
pipe, Nitrogen injection pipe, Nitrogen cylinder capacity, number of injection points, etc and get
approval from the user. The facility shall be provided to test the system by operation of valves
[Nitrogen injection valve, TCIV and Oil Drain Valve (ODV)] when the mransformer is in service.
without actually draining the oil and injecting Nitrogen in real time operation by obtaining the
feedback rom valve. The Nitrogen injection scheme shall be designed in such a way that the Nitrogen
shall not enter the transformer tank even in case of passing/leakage of valve,
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10.7.2. The oil drain mechanism may or may not be a part of the fire extinguishing cubicle.

10.7.3. Owner shall provide two distinct station auxiliary DC/AC supplies for control power supply purposes.
The system shall work on station DC/AC supply with voltage variation as per relevant standards. The
control box of fire prevention and extinguishing system shall have facility 1o receive these DC/AC
supplies for auto changeover of supply. It shall be the Vendor's/NIFPES supplier’s responsibility to
further distribute power to the required locations. In case auxiliary DC/AC power supply requirement
is different than station auxiliary DC/AC supply, then all necessary converters shall be provided by
the Vendor.

10.7.4. Following minimum indications and alarms shall be provided in the control cubicle in the control
roont;
a) DC supply *ON’
b) AC supply ‘ON’
¢) Total System Healthy
d)  DC supply fail
e) AC supply fail
f)  System out of Service
g) Differential relay trip
h) PRV trip/RPRR trip
i)  Buchholz Relay trip
i) Master Relay trip [(HV, IV and LV (Tertiary Voltage)]
k) Restricted Earth Fault (E/F) Relay Trip
I} Overcurrent Relay Trip
m) Nitrogen eylinder pressure low
n} Fire alarm
o) Heat/Fire detector/Sensor faulty Signal
p)  Heat/Fire Detector/Sensor alarm/signal
i) Nitragen injection Valve open
r}  Nitrogen injection Valve close
s} Nitrogen injection Valve leakage
t)  Oil drain Valve open
u)  Oil drain Valve Close
v) Leakage in Oil drain valve
w} TCIV Open
x) TCIV Closed
y) Cable [ault signal for interconnecting cable for transformer trip signals
z)  Auto operation failed
aa) NIFPES system in Auto Mode
bb) NIFPES system in Manual Mode
cc) NIFPES system in Test / Maintenance mode

Another indicator which supplier/user consider necessary shall also be provided.

10.7.5. The following push buttons shall be provided as a minimum:

. a) Mode Selection Switch, Auto/Manual/ (test'Off)
h)  Lamp test push buttons
¢) Sysiem reset push button
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d) Detector reset push button, if applicable,
¢) Manual extinction push-button for manual operation of the system
f) Hooter reset push button

10.7.6. Apart from the above list Nitrogen cylinder pressure indication manometer with sufficient number of
adjustable “Normally Opened (NO)" contacts shall also be provided in FEC. In case of fire in the
transformer and fulfilling the conditions of defined logic for NIFPES operation for fire extinguishing
mode and fire prevention mode alarm (Audio & Visual) will be generated in control room.

1.8, Technical Data Sheet:

The following are the technical requirements of the NIFPES:

SL [Ttem Requirements
No
l. Fire detection period on Maximum 10 seconds
commencement of fire
2 Fire Extinction period on Maximum 30 seconds
commencement of Nitrogen injection
3. Fire  detectors’/ sensors’ “heat
sensing” temperature 120 °C temperature of the transformer oil minus
5 °C with tolerance of +/- 2°C.
4, Power source for:
a) Control Box 107220 V DC (+10% & -15%) / 230 V AC
by  Fire extinguishing cubicle 1107220 V DC (+10% & -15%)/ 230 V AC
5. Nitrogen Cylinder and Valve (PESO| As per [5:7285 (Part 2) and 15:3224 (latest) BIS
approved) Mark
6. Degree of protection of (a) IP 65
(a) FEC

Heat (fire) detector / sensor and Signal /| IP 65
Junction box (if any )
7. Steel Sheet of FEC, Control Box and| Steel sheet shall be as per grade CR2 ol 15: 513,
Signal Box Part-1. Thickness of Steel Sheet of FEC and
Control Box and Signal Box shall be 3.0 mm
minimum

5. Colour of all panels and Nitrogen| Shade 538 of 15: 3

Injection pipes

g, Heat (fire) detector / sensor OEM shall furnish technical details

FEC should be at a safe distance from
Transformer (preferably 5-7 meters). Firewall
Minimum distance of FEC from the| (minimum 2 hrs fire withstand capacity) will be
Transformer provided around FEC with the height 600 mm
from the top of FEC to protect it from fire of the
transformer.

10.

For conservator valve of fow-bascd
11. | mechanism, fAow mate for closing of] 60 Lirs. / minute.
flow-based conservator isolation valve
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In case the pressure in the nitrogen cylinder somehow exceeds the rated pressure, there should be the
provision for extracting the excess nitrogen to-attain the safe pressure in the nitrogen cylinder.

10.9.  Details of Supply of System/Equipment and Other Related Activities:

Nitrogen injection fire protection system shall broadly consist of the following components/ devices.
However, all other components that are necessary for fast, reliable, complete, and effective working
of the fire protection system shall deemed to be included in the scope of supply.

10.9.1.  Fire extinguishing cubicle with base frame and containing at least the following:

a) Nitrogen gas cylinder and cylinder valve having the Petroleum and Explosive Safety Organization
(PESO) centificates of sufficient capacity.

b) Pressure regulator with indicators for nitrogen pressure of the cylinder and actual injection pressure
through nitrogen cylinder and manometer with sufficient number of adjustable ‘Normally Open
(NOY contacts.

¢) Oil Drain Assembly including oil drain valve and its equipment for operation, oil drain pipe
extension of suitable size for connecting pipes to Oil Storage Tank, along with level switch for
detecting leakage in oil drain valve:

d) Mechanical release device for oil drain and nitrogen gas release;

e) Limit switches for monitoring of the systems;

f)  Panel lighting;

g} Flanges on top of the panel for connecting oil drain in case of oil drain mechanism is part of fire
extinguishing cubicle and nitrogen injection pipes for transformer;

h} Fire Extinguishing Cubicle (FEC) shall have proper illumination.

i) The heater with thermostat shall be provided in the FEC. Heater should be operated as per the setting
of thermostat.

j)  One set of mandatory spares as applicable.

In case if oil drain mechanism is not a part of FEC — the related items shall be as per the Original
Equipment Manufacturer (OEM) design, however functional requirements have to be met with.

10.9.2. The FEC shall be provided with canopy / shed to be protected from 3 sides to avoid water ingress
and protect the FEC from direct sunlight and radiant heat. The canopy / shed shall be designed 1o
cover almost more than half of the FEC height from top.

10.9.3. Control box/cubicle to be installed in the control room of the substation for monitoring the NIFPES
operation, automatic control, and remote operation, with alarms, indications, switches, push buttons,
audio signal ete. Control Box/Cubicle should be microprocessor based /PLC based compatible 1o be
interfaced with Owner's/ Purchaser's Supervisory Control and data Acquisition (SCADA) system in
the Substation / Switchyard.

10.94. The required number of heat/ fire detectors / sensors to be located at strategic locations and 10 be
finalized during detailed engineering. Diagonal / adjacent distance between two heat/fire detectors /
sensars shall not exceed more than 800 mm. heat/fire detector / sensor shall be IP 65 approved. All
the control / power cables between the NIFPES panel and the transformer, from the control room to
FEC, from the Control and Relay Panel to the Control Box / cubicle, Contral Box / cubicle to DC /
AC supply Source, Signal / junction box 1o FEC or any additional junction box placed near FEC
shall be Fire Survival Cable 1np2 up to the thermal Limit {in case of fire and or explosion). Fire
survival cables shall be suitable to withstand a temperature of 750 °C. Further, Vechnical Data sheet
and applicable valid type test report as per applicable latest 15 shall be submitted to the user during
detailed engineering.
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10.9.5. Transformer Conservator Isolation Valve to isolate the conservator oil from the main tank oil is to
be provided by the NIFPES supplier. This valve shall be located in the piping between the
conservator and the Buchholz relay.

10.10.  SCADA compatibility

10.10.1. The NIFPES shall be provided with IEC 61850 / RS 485 / TCP [P compatible port or using suitable
converters for integration with user's SCADA system. Integration to SCADA system will be done
as per contract outlined by owner, however necessary support shall be provided by NIFPES OEM.

10.10.2. For transformers rating of 25 MV A and above — the control panel of NIFPES shall be HMI (Human
Machine Interface) based SCADA system having facility to store and take print out of the events and
history of all the alarms & faults occurred into the NIFPES system. The data retention capacity shall
be of minimum & months.

10.10.3. The HMI screen size shall be of minimum 127 or above as per manufacturer standard. The HMI shall
display the graphical representation of the system along with dynamic status of all the valves.

10.10.4. The system shall also be designed keeping in view for addition of GSM modem & card for future so
as to send SMS alerts to minimum of 5 personnel.

10.10.5. The ethernet switch, patch cord, Light Interface Unit (LIU) and Fibre Optic (FO) cable are not
included in the present scope.

10.11.  Drain Oil Storage Tank
10.11.1. A drain oil storage tank for each transformer shall be provided at suitable location,

10.11.2, The oil storage tank shall have non-corrosive, waterproof, epoxy coated, mild steel (minimum
thickness 5 mm) to store drained out oil on operation of NIFPES.

10.11.3. The total capacity of storage tank shall be more than 12% of transformer tank oil to avoid over
Mowing of oil considering that drained oil volume shall be around 10% of transformer tank oil. All
the pipes and physical connections from transformer to storage tank shall be in the scope of NIFPES
OEM / Vendor.

1.0 ONLINE INSULATING OIL DRYING SYSTEM

11.1.  If specified in MR/ tender specification, transformer shall be provided with a cartridge type on line
insulating oil drying system of adequate rating with proven field performance. [t shall be designed for
very slow removal of moisture that may enter the oil system or generated during cellulose
decomposition.

11.2.  There shall be molecular sponge device for moisture absorption in easily replaceable cartridges. It
shall display the maisture content in il (PPM) and temperature of the inlet and outlet oil from the
drying systemn. Minimum capacity ol moisture extraction shall be 10 Litres before replacement of
cartridge.
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11.4.

12.0

13.0

3L

13.2.

The system shall be housed in IP-55 metallic enclosure of grade SS 304, Oil flow to the equipment
shall be controlled through pump of suitable capacity with oil flow indicator for visual monitoring of

flow. It shall be an integrated system comprising of filters, cartridges, sampling valves, sensors and
protection devices, as required for completeness of the system suitable for operating at oil temperature

up o 105°C, unless specified otherwise. All components shall be capable of withstanding the
applicable thermal and dynamic stress.

Drying system, if transported without oil, shall be suitable for withstanding vacuum to ensure that no
air/ contamination is trapped during commissioning. In case, it is transported with oil, the oil shall
conform to specifications for unused transformer oil. Oil sample shall be tested before installation to
avoid contamination of main tank oil.

The equipment shall be capable of transferring data to substation automation system through FO pon
on [EC 61850 protocol. Potential free contacts for system trip/ off for relaying shall be provided.

NOISE LEVEL

Audible Noise level shall not exceed the limits specified in NEMA TR-1/ CBIP manual.

INSPECTION AND TESTING

Owner's representative shall be given free access in the works from time to time for stage wise
inspection and progress reporting. Four weeks advance notice shall be given to witness the final
routine test as per relevant [S and other tests as agreed upon. These tests shall be performed on the
complete assembly at manufacturer's works. Test certificates duly signed by owner's representative
shall be issued as part of final document.

Routine tests and special tests as listed below shall be carried out on all transformers:

a) GA along with verification of all accessories

b) Dimensional & electrical clearance

¢) Rating plate details

d) Terminal/ tapping markings

e) Earthing arrangement

f)  Measurcment of winding resistance

g) Measurement of voltage ratio and check of voltage vector relationship
h) Measurement of impedance voltage and load loss

i) Measurement of no- load loss and current

j)  Induced over voltage withstand test

k) Separate-source voltage withstand test (HV Test)

1) Measurement of insulation resistance before and after HV test

m) Noise level check

n) Magnetic Balance test

o) [electric test

p) BDV on transformer oil

q) Tests on OLTC/ control panel (if applicable)

r)} Measurement of power taken by fans & oil pumps {on sample basis on one transformer)
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13.3.  Additional Tests:

For ransformers rated upto 2.5 MVA rating, oil leakage test, vacuum test and pressure test values
shall be as specified in IS-1180-1/ IS-1180-3. For transformers rated > 2500 kVA following shall be
considered:

13.3.1. Oil leakage Test - All tanks and oil filled compartments shall be tested for oil tightness by being
completely filled with air/oil of a viscosity not greater than that of insylating oil at an ambient
temperature and subjected to a pressure equal to the normal pressure plus 35 kN/m2 measured at the
hase of the tank. This pressure shall be maintained for a period of not less than 12 hours for oil and |
hour for air, during which time no leakage shall occur.

13.3.2. Vacuum Test - One transformer tank of each size shall be subjected to the specified vacuum as in
Table-1 below. The tanks designed for vacuum of 760mm of mercury shall be tested at a maximum
internal pressure of 3.33 kN/m’ (25mm of Hg) for one hour. The permanent deflection of flat plates
after the vacuum has been released shall not exceed the value specified in Table-2 below without
affecting the performance of the transformer.

__ Table—1 R - _
Highest System ; Vacuum Gauge
Voltage ML Rating pressure k/m2 | ™M™ OTHE
above 2.5 & upto 20 68.0 | 500
Upto 36 kV = —— |
Above 20 104.64 160 |
. Table -2
Horizontal length of flat plate (in mm) Permanent deflection (in mm) |
| Upto and including 750 o - 3
751 to 1250 6.5
1251101 750 A 8 .
- I?SI to 2000 9
2001 10 2250 1
e 2251 1o 2500 12.5 N
- 2501 to 3000 6 =
Above 3000 19

13.3.3. Pressure Test - One transformer tank of each size shall be subjected to a pressure corresponding to
twice the normal head of oil or to the normal pressure plus 35 kN/m2 whichever is lower measured at
the base of the tank and will be maintained for one hour. The permanent deflection of fAar plates afier
the excess pressure has been released shall not exceed the figure specified in Table-2.

13.3.4. One transformer of each rating shall be subjected to heat run test, if specified in MR/ Tender.

13.3.5. Impulse test, if specified in MR/ Tender. shall be carried’out on all three limbs of the transtormer.

13.3.6. Transformer shall be subjected to short circuit test, if specified in MR/ Tender.

13.3.7. All the instruments, meters, ctc. used for testing shall be duly calibrated a1 NABL laboratory and

necessary calibration certiticate shall be made available during inspection.
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13.3.8. Type test report of the heat/fire Detector/Sensors shall be submitted to Owner/ EIL along with the
design/drawing documents,

140 PACKING AND DESPATCH

All the equipment shall be divided into several sections for protection and ease of handling during
transportation. The equipment shall be properly packed for the selected mode of transportation i.e. by
ship/ rail or trailer. The equipment shall be wrapped in polythene sheets before being placed in the
crates/ cases to prevent damage to the finish. Crates / cases shall have skid bottom for handling. Special
notations such as ‘Fragile’, *This side up’, ‘Centre of gravity’, *“Weight’, ‘Owner’s particulars’, ‘P.O.
numbers’ etc., shall be clearly marked on the package together with other tag numbers, P.O. number
ele.

Transformer tank shall be filled with oil/ pure dry nitrogen/ air depending upon the transport weight
limitations or as specified in MR/ tender specifications. Dry air should be preferred due to safety of
personnel entering transformer. If nitrogen is used, the information shall be stencilled on tank
prominently. External gas cylinders should be provided to make up any gas leakage during transit and
storage. Pressure testing valve with necessary pressure gauge and adaptor valve shall be provided.

The equipment may be stored outdoors for long periods before erection. The packing shall be suitable
for outdoor storage in areas with heavy raing/ high ambient temperature,
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Abbreviations:
AN : Adir Matural
BIS E Bureau of Indian Standards
BS : British Standards
CEA : Central Electricity Authority
CRCA : Cold Rolled Cold Annealed
IEC : International Electro technical Commission
IEEE : Institute of Electrical and Electronics Engineers
P - Ingress Protection
IS I Indian Standard
KVA : Kilo Volt Amperes
MSL : Mean Sca Level
MV 3 Medium Voltage
NEMA - Mational Electrical Manufacturers Association
PO - Purchase Order
PVC s Polyvinyl Chloride
SWG : Standard Wire Gauge
VDE - Verband Der Electrotechnik, Elecktronik und Information Stechnik

Electrical Standards Committee
Convenor: Mr. M.K Sahu
Members: Mr. Harish Kumar
Ms. Arvind NP Singh
Ms. Shalini Verma
Mr. Raman Sood
Mr. Bishan Dass
Mr. Rajiv Kumar Saha
Mr. Vijay Kumar
Ms. Shirali Aggarwal
Mr. Ayush Mathur ( Projects)
Mr. Rajesh Sinha (Inspection)
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1.0 SCOPE

The intent of this specification is to define the requirements for design, manufacture, testing,
packing and supply of cast resin / resin impregnated dry type lighting transformers suitable for
indoor location,

2.0 CODES AND STANDARDS

2.1 The equipment shall comply with the requirements of latest revision of following standards
issued by BIS,

15: 5 : Colours for ready mixed paints and enamels

1S: 1271 : Electrical Insulation-thermal evaluation and designation.

IS: 2026: Part 11 / ; Dry Type Transformer

IEC: 60076-11

IS: 2705; Part 1 : Current transformers - General requirements

IS: 10028 : Code of practice for selection, installation and maintenance
of transformers.

IS/ 1IEC: 60529 : Degree of protection provided by enclosures (IP Codce)

ECBC 2017 : Energy Conservation Building Code

22 In case of imported equipments standards of the country of origin shall be applicable provided
these standards are equivalent or stringent than the applicable Indian standards.

23 The equipment shall also conform to the provisions of CEA Regulations with latest amendments
and other statutory regulations currently in force in the country.

24 In case Indian standards are not available for any equipment, standards issued by IEC or
equivalent agency shall be applicable.

25 In case of any conflict between requirements specified in various applicable documents for the
project, the most stringent one shall prevail. However Owner’s / EIL"s decision in this regard
will be final and binding.

3.0 GENERAL REQUIREMENTS

3.1 All the offered equipment shall be brand new with state of art technology and proven field
track record. No prototype equipment shall be offered.

3.2 Vendor shall ensure availability of spare parts and maintenance support services lor the
offered equipment at least for 10 years from the date of supply.

3.3 Vendor shall give a notice of at least one year to the user of equipment and EIL, before
phasing out the product/ spares to enable the end user for placement of order for spares and
services.

4.0 SITE CONDITIONS
Transformer shall be suitable for installation and satisfactory operation in tropical, humid and
corrosive atmospheres found in Refinenies. Petrochemical and Fertilizer plants or as specified
in the material requisition / tender. The transformer shall be designed to operate under site
conditions as specified in data sheet. If not specifically mentioned therein, design ambient
temperature of 40°C and altitude not exceeding 1000m above MSL shall be considered
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5.0 CONSTRUCTION
5.1 The transformer shall be dry type, AN cooled suitable for indoor installation. Transformer

5.2

53

54

39

shall be conventionally housed in a freestanding panel type enclosure of welded sheet steel
frames with expanded metal screens of suitable size or louvres backed by wire-mesh.
Transtformer and the enclosure shall be suitably reinforced to prevent distortion during
handling.

For panel mounted transformer, if specified in datasheet, the panel shall be floor mounted type
suitable for installation in substation and shall not have any wheels / rollers. The panel shall be
provided with integral base frame which shall be suitable for tack welding.

The frame of vertical panels of pancl mounted transformer shall be fabricated using pressed
and cold rolled sheet steel. The sheet steel used for panel shall be of minimum 2mm (145WG)
CRCA except the doors and covers that may be made of |.6mm (165WG) CRCA. Wherever
required, stiffeners shall be provided to increase mechanical strength of large size doors and
covers.

After preparation of the under surface, the vertical panels of panel mounted transformer shall
be spray painted with two coats of epoxy based final paint or shall be powder coated. The
colour shade of final paint shall be as RAL-T032, unless specified otherwise. Panel finish shall
be free from imperfections like pinholes, orange peels, runoff paint, etc.

All unpainted steel parts shall be zinc passivated, cadmium plated or suitably treated to
prevent rust and corrosion. If these parts are moving elements, then these shall be greased.

The transformer shall be double wound core type with non-ageing, cold rolled grain oriented
silicon steel insulated laminations with high magnetic permeability and clamped to minimise
vibrations and noise. Core lamination shall be free of burrs and shall be stacked without Air
gaps. Core fastening bolts shall be insulated to reduce losses and to avoid hot spots. All parts
of the magnetic circuit shall be effectively connected to the carth system.

The winding shall be of copper and shall be designed for full load current and to withstand the
thermal and electromagnetic stresses arising due to the through fault current. The current
carrying winding joints shall be electrically brazed. Foil type windings are not acceptable.

Voltage ratio of lighting transformer shall be as mentioned in Datasheet/Material
Requisition/Tender.

Vector group of transformer shall be as mentioned in Datasheet/Material Requisition/Tender.
The windings shall be provided with class *F" insulation for lighting transformers upto 100
KV A and class “H' insulation for rating more than 100 KVA.

Conventional Lighting Transformer shall have minimum degree of protection as [P-23. The
enclosure of panel mounted transformer shall be dust and Vermin-Proof and shall provide a
degree of protection not less than IP-41. In case of conventional transformer, Marshalling box
and cable termination box shall have degree of protection not less than IP-55,

Different non current carrying parts of the transformers shall be connected by copper flexibles
for carth continuily purpose.

All doors and movable parts of panel mounted transformer shall be earthed. vsing flexible
copper connections, to the fixed frame of the panel. The panel mounted transformier shall be
provided with two earthing studs with lugs on the external surface of the enclosures suitable
for termination of Gl strip / earthing cahle
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5.10  All the fasteners and bolts shall be galvanized. All surfaces to be painted shall be thoroughly

5.11

5.12

6.0

6.1

6.2

6.3

6.4

7.0

cleaned, descaled, made free from rust and shall be epoxy painted.

A warning inscription "DO NOT OPEN WHEN ENERGIZED" shall be provided on panel
mounted transformer. The waming inscription shall be embossed on the enclosure or a
separate warning plate with above inscription shall be fixed to the enclosure with screws. The
warning plate shall be of nickel plated brass or stainless steel.

Dry type transformer shall be energy efficient with permissible maximum losses at 50% and
100% loading not exceeding the values as defined in Energy Conservation Building Code
(ECBC)-2017.

TERMINALS

Windings shall be brought out and terminated in cable boxes for conventional lighting
transformer.

Cable boxes shall be supplied with cable lugs and glands. For MV XLPE power/control cables
single compression cable glands and crimped type tinned copper cable lugs shall be supplied.
Gland plate shall be removable type. For single core cables, gland plate shall be of non-
magnetic material.

In case of panel mounted transformer, panel shall be provided with bottom cable entries for
connecting both primary and secondary windings of transformer installed inside panel. Thus a
separate cable termination box is not required. Primary and secondary cable termination
arrangement inside panel shall be oriented accordingly for routing and termination of Owner’s
cables inside panel.

A separate neutral terminal on the secondary side shall be provided for neutral earthing of the
transformers. The neutral terminal shall be complete with connector block assembly for easy
termination of Gl earth strip / cable.

ACCESSORIES

Tappings shall be provided on the Primary side. Tap changer shall be off-circuit rotary type or
tap links type. Under conditions of external short circuit, the tap changing equipment shall be
capable of carrying the same current as the winding. Tap changer regulation range shall be
+5% [ -7.5% with each step of 2.5%. Tap changing mechanism shall be easily accessible and
it shall be possible to change the taps without opening the main transformer enclosure.

Base channels shall be provided with skids and pulling eyes to facilitate handling. Tag plate
shall be provided. In case of panel type transformer, suitable removable type eye bolts /lifting
hooks shall be provided on the panel to facilitate lifting and handling of the panel. These
evebolts /lifting hooks when removed shall not leave any opening in the panel.

Temperature monitoring system shall be supplied with temperature sensors fitted in each limb.
Temperature monitoring system shall initiate alarm and trip for winding over temperature.
Alarm and trip temperatures value shall be site settable. The monitoring system shall also have
an indicating device,

240V SPN supply at one point shall be provided by purchaser at transformer panel. All the
further distribution from this point shall be done by vendor.

ON/OFF Indication Lamps mounted on the door and LED lamp controlled through a door
limit switch shall be provided for illumination inside the panel for panel mounted type
transformer.\
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8.0 NOISE LEVEL
Audible noise level for lighting transformers shall not exceed the limits specified as below:
- KV& "Avemge soun-d Iwel:n_d;c:_b;l;{mlﬂcm l:r;:;: lrnnsl‘nrmer-} |
‘ 0-50 50
' 51-150 55
151-300 58
301-500 60

9.0 INSPECTION AND TESTING

9.1 During fabrication, the transformer shall be subject inspection by EIL / Owner, or by an
agency authorized by the Owner, to assess the progress of work, as well as 1o ascertain that
only quality raw material 15 used. The manufacturer shall furmish all necessary information
concerning the supply to EIL / Owner’s inspectors.

9.2 For testing requirements, refer Inspection & Test Plan doc. no. 6-81-1042, Prior notice of
minimum 4 weeks shall b given to EIL/Owner for witnessing the final testing of the complete
assembly to ensure satisfactory operation of all components. All testing shall be carried out at
manufacturer’s works under his care and expense.

9.3 Test certificates of bought out components shall be submitted to the inspection agency., as per

Inspection and Test Plan no. 6-81-1042.

10.0 PACKING AND DESPATCH

All the equipment shall be divided into several sections for protection and ease of handling
during transportation. The equipment shall be properly packed for the selected mode of
transportation i.e. by ship/ rail or trailer. The equipment shall be wrapped in polythene sheets
before being placed in the crates/ cases to prevent damage to the finish, Crates / cases shall
have skid bottom for handling. Special notations such as *Fragile’, *This side up’, ‘Centre of
gravity”, “Weight", “*Owner’s particulars’, *P.O. numbers® etc., shall be clearly marked on the
package together with other tag numbers, P.O. number etc.

The equipment may be stored outdoors for long periods before erection. The packing shall be
suitable for outdoor storage in areas with heavy rains/ high ambient temperature.
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Abbreviations:

BIS Bureau of Indian Standards

CLA Central Flectricity Authority

T Current Transformer

FiL Fngineers India Limited

& Galvanised lron

Iy High Voltage

1EC International Elecwotechnical Commission

I Ingress Proteclion

15 Indian Standard

KVa Kilo Volt Amperes

MSL Mean S¢a Level

MY Medium Voltage

PO Purchaze Order

PV Poly Yinyl Chlotide

XLPE Cross Linked Poly Ethylenc

51G Hack up Earth Faull Proteetion Relay

64R Restricted Farth Fault Protection Relay
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4.0

SCOPE

The intent of 1his specification is o define the requirements for design, manufacture, testing,
packing and supply of cast resin / resin impregnated dry type distribution transformers.

CODES AND STANDARDS

The equipment shall comply with the reguirements of the latest revision of the following
standards issued by BIS {Bureau of Indian Standards) unless otherwise specified.

18: 1271 : Electrical Tnsulation-thermal evaluation and designation

IS; 2026, lart 11 Power Transtormer - Dry-Type Trans[ormer

IR: 2703, Pan 1 Current transformers - General requirements

IS: (0028 : Code of practice for selection, instaflation and spaintenance of
transformers

15: 11171 ; Dy type power wansformers

18: 16227

FIRC: 61869 Instrument transformers

IS/ARC: 605329 Drewress of Protection Provided by Enclosures (IP Code)

In case of imported equipment, standards of the country of origin shall be appiicable, if these
standards are equivalent to or stringent than the applicable Indian standards.

The equipment shall also conform o the provisions of the CEA Regulations with latest
amendments and other statulory regulations currently In force in the country,

In case Indian standards are not available for any equipment, standards issued by IEC or
equivalent agency shall be applicable.

[n case of any conflict beiween reqlirements specified in various applicable documents for the
praject, the most stringent one shail prevail. However Owner’s / EIL s decision in this regard
will be final and binding,

GENERAL REQUIREMENTS

The offered eguipment shall be brand new with state of art technology and proven field track
record, No prototype eguipment shall be offered.

Vendor shall ensure avalability of spare parts and maintenance support services for the
offered equipment for at least 10 years from the date ol supply.

Yendor shall pive a notice of ar teast one vear W the end user of equipment and EIL befare
phasing out the product/spares to enable the end user for placement of order for spares and
services.

SITE CONDITIONS

Trnsformer shall be suitable for installation and satistactory eperation in tropical, humid and
corrasive atmospheres [ound in refineries, Petrochemical and Fertiliser Plants or as specified
in the Material Requisition / Tender. The trans[former shali be designed 10 operate under site
conditions as specified in data sheet. If not specifically mentioned therein, design ambient
temperature of 40°C and altitude not exceeding 1000 m above MSL shall be considered.

Format Mo, 3-00-0001-F1 Rew. 0 Capyright EIL — All rights reservad
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.

6.1

6.2

CONSTRUCTION

The transformers shall have core type construction. The core shall be assembled our of
low-1oss, nonageing, high permeability cold rolled grain oriented steel laminations.

The windings shall be of high-grade electrolytic copper. The insulation system for cast resin
transformers shall comprise of windings cast under vacuum, free of voids in 4 homogenous
unifirm laminate of epoxy resin/ polvester resin. The totally assembled core and coil
assembly, for resin impregnated transformers. shall be vacuum pressure impregnated to
effectively make it impermeable to moisture, dirt, salt, air and other industrial contaminants.

The entire core assembly shall be covered with a resin-based lacquer for corrosion protection.
Lifting lugs shall be provided for core and winding assemblies,

The HV and MY windings shall have class ‘[ or better insulation. The temperature rise of
windings under continwous full load shall not exceed the maximum allowable temperature for
the appropnate class of insulation as per IS VELT1/ 18 2026-11, above the desiym temperature
sprecilied wn the data sheet,

The insulaticn material used shall be non-hygroscopic, non- inflammable and self-
extinguishing il ignited by divect flame or arc. No toxic or barmful gases shall form during
heating and for burning. The insulation materials shall be sufficiently resistant to ageing.

The transtormers shall be capable of withstanding 1he thermal and mechanical effects of a
dead short circoit on any or all winding wrminals with full voltage maintained on other
windings as per IS, The transiormers shall systain a symmetrical short circuil on secondary
terminals for 2 seconds without damapge or impairment.

Each limb shall have two solid state winding temperature monitoring elements to initiate an
alarm and irip for winding over temperature.

The transtormers Tor Indoor & ourdoor location shall have minimum degree of protection as
[P 23 & IP 43 respectively. However the marshalling box, cable lermination box, bus-duct
termination chamber etc. shall have a degree of protection not less than [P-55,

All fasicners and bolts shall be palvanised.

The transformers shall be spray-painted or powder coated with epoxy paim. Colour shade of
final paint shall be as specified in the data sheet.

The transformer shall be provided wilb & rating plate of weatherproof matenial, fixed in a
visible position mentioning Tag Number and Transformer details as per IS [1171715 2026-1].

TERMINAL AND MARSHALLING BOX

Windings shall be browght out on suitable nickel-plated copper terminals for cable
termingtion. HY side termination shall be from the botton. Suitable disconnection chambers
shall be provided to permit the transformer to be removed without discormecting the cable
termination. The MV side termination shall be by bus-duct or cable as defined in datasheet /
job speeilicalion.

The high voltage and medium voltage cable termination arrangement shall be complete with
cable box and bolted type undrilled cable gland plates. Non-magnetic gland plate shall be
provided for single core cables.

Farmat Mo, 3-00-0001-F1 Rey. 0 Copyright EIL — All rights raservad
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6.3 Primary cable box shall be able to withstand specified primary system fault level for 0.2 secs.

.4 Terminal chamber for busduct terminaiion shall have a gasketed cover plate, bolted to it
Separate inspeciion covers shall be provided to tacilitate connection and mspection,

6.5 All protection, alann and indication devices and newtral CTs shall e wired by means of PV
KLIE insulated cables upto the marshalling box. There shall be two pland plaies, one for
inlernal wiring to the marshalling box from various devices which shall be glanded and pre-
wired, while the sccond gland plate shail be removabie and undrilled for glanding outgwing
cables,

6.6 One neutral terminal inside the cable box/ MY bus-duct connection chamber and a separate
neutral iermenal outside shall be provided for carhing of iransformer winding neutral on the
secondary side. The neutral terminal shall be complete with connector block assembly for casy
termenation of GI ¢arth stripfcable.

0.7 The neutral CT shall be mounted as below:-

a) CT for 51G shall be located in the earth path after bifurcation of neutral.
b} CT for 64 R can be located before bifurcation of neutral.

6.8 T'wo earthing terminals shall be provided on the transformer frame for transformer body
carthing. Suitable lifting arrangement shall be provided in the transformer frame. The
transformer shall be supported on flat rodlers.

6.9 Phase identificalion markings shall be provided for the termenals in HY and MV side terminal
boxes,

7.0 COOLING
Tvpe of Cocling shall be in accordance with the datasheet.
8.0 TAPPINGS AND CONTROLS

Primary off-circuit rotary type tap changer shall be provided and shall have a ranpe as
specified in the data sheet. Tap changing arrangement through links is not acceptabic. Under
conditions of external short circuit, the tap changing device shali be capable of carrying the
sume current as the windings.

9.0 ACCESSORIES

9.1 Accessories as specified on data sheet shall be included in the scope of supply. All protective,
alarm and indicating devives shall have minimum 1 no. potential free contact each for alarm
and trip. All transformers must be provided with at least the following:

- Bi-directional flat rollers

- Rating and 1ermmal marking plate

- Marshatling hox

- Lifling heoks and jacking pads, towing holes

- Earthing terminaly

- Newutral CT {as per data sheet)

- Oft-circuit tap changer

- Temperature monitoring system (For rating 500 KVA & above)
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9.2 Temperaiure monitoring sysiem shall be supplied with temperature sensors [ited in each limb,

10,0

11.0

11.1

11.3

12.0

Temperature monitoring system shall initiate alarm and trip for winding over temperature.
Alarm and trip temperatures shall be site settable. The monitoring system shall also have an
indicating device,
NOISE LEVEL

The average audible sound level for the transformers at & distanee of 30 cm shall be as below:

KVA  AVERAGE SOUND LEVEL (DECIBEL)
050 i
51-150 | 55
151-300 58
301-500 50
501-700 |82
701-1000 64
1001-1500 63
1501-2000 66 ;
2001-3000 68 |
' 30014000 70
| 4001-5000 71

INSPECTION AND TESTING

Diring fabrication, the transformer shall be subject to inspection by EIL / Owner, or by an
agency authorzed by the Owner, to assess the progress of work, as well as to ascertain that
only quality raw material is used. The manufacturer shall furish all necessary information
concerning the supply to EIL / Gwner’s inspectors.

For testing reguirements, refer Inspection & Test Plan doc. no. 6-81-1044. Prior notice of
minimum 4 weeks shall be given to EILS Owner for witnessing the final testing of the
complete assembly to ensure satistizclony operation of all components. All 1e¢sting shall be
carried out at manufacturer’s works under his care and expense,

Test certificates of boughl out components shall be submitted 1o the mspection agency, as per
Inspection and Test Plan no. 6-81-1044.

PACKING AND DESPATCH

All the equipment shall be divided into several sections for protection and ease of handling
during transportation. The equipment shall be properly packed lor the selected mode of
transpottation e, by shipf rail or trailer, 'The equipment shall be wrapped 10 polythene sheets
betore being placed in the crates/ cases to prevent damage to the finish. Crates / cases shall
have skid bottom [or handling. Special notations such as *Fragile”, “This side up’, *Centre of
gravity', “Weight®, “Owner's particulars’, ‘1%, numbers’ elc., shall be clearly marked on the
package together with other tag numbers ete.

The equipment may be stored outdoors for long perods before ereclion. The packing shall be
suitable for owtdoor storage in areas wilh heavy rains and high ambient temperature, A set of
instruction manuals for installation, testing and commissioning, a set of operation &
mainlenance manuals and a set of final drawing shall be supplied duly enclosed in 2
waterproof cover along with the shipment,
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Abbreviations;

AC Allemating current

Ah Ampere hour

BIS Bureau of Indian Standards
CEA  Central Electricity Authority
DC Direct current

EIL  Engingers India Limited
1EC International Electrotechnical Commission
15 [ndian Standard

MSL  Mean Sea Level

PO Purchase Order

PYC  Polyvinyl Chloride

UPS  Uninterrupled Power Supply
v Vall

Electrical Standards Committee
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Format Mo. 8-00-0001-F1 Rev. © Copyright EIL = All rights raserved



ST M, ENCINEERS

SPECIFICATION STANDARD SFECIFICATION No.

ERA TS WP NDAIMITED oo oy Uce capmum 5510047 Rev. 4
BATTERIES Page 3 of 6
CONTENTS
1.0 SCOPE wvre oo ees oo e ees e oo e seer s s s e e 4
2.0 CODFS AND STANDARDS .....o. e e eeesssseeseees s e e e eeeeseseses e 4
3.0 GENFRAL REQUIREMENTS ..o oo e oo 4
4.0 SITE CONDITIONS....... oo oo esees e sessaeser s erses s 4
5.0 TRCHNICAL REQUIREMENTS ..o oo eeseoeeess s e 4
6.0 PERFORMANCE ... e oo e ee e srers oo er st 6
70 [NSPECTION, TESTING AND ACCEPTANCE ..o eeeeeees e seesees e e 6
8.0 PACKING AND DESPATCH. .. cec e oo et 6

Fomat No. 8-00-0001-F1 Rew.

Copyright EIL — All rights rese nved



SPECIFICATION STANDARD SPECIFICATION Ne.

Eﬁlﬁhﬂ ENCINEERS FOR

gL CHoACE e NDIA LIMITED o 1 on ARY NICKEL CADMIUM 8-51-0047 Rev. 4

1HRET SRR BN 1A Gt o] Pt Linud Mg

BATTERIES Page 4 of §

10

2.0

21

2.2

2.3

24

2.5

a0

31

32

33

4.0

50

3.1

52

SCOPE

This specification ¢overs the design, Manufacture, testing and supply requirements of
stationary venled type Nickel Cadminm cell/batleries for DC power system JAC UPS system
application,

CODES AND STANDARDS

The equipment shall comply with the requirements of the latest revision of the following
standards issued by BIS:

[S-10918 Specification for Vented tvpe Nickel Cadmium batteries

In case of imported equipment, standards of the country of origin shall be appiicabie if these
standards are equivalent or move stringent than the applicable Indian standards.

The equipment shall also conform 1o the provisions of CEA regulations with lalest
amendments and other statutory regulations currentiy in force in the country.

In case Indian standards are not available for any equipment, standards issued by [EC or
equivalent agency shall be appheable.

In case of any conflict between various referred standards’ specifications’ datasheets and
statutory regulations, the most stringemt requirement shall prevail and Owner’s! EIL"s decision
in this regard shall be final and binding.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of the art techrology and proven field
track record. No prototype equipment shall be offered.

Vendor shall ensure availability of spare pacls and maintenance support services for the
offered equipment for at least 10 years from the date of supply.

Vendor shall give a notice of at least one year to the end user of equipment and EIL before
Phasing out the product’ spares to enable the end user to place order for spares and services.

SITE CONDMTIONS

Stationary Nickel Cadmium cell/battery shall be suitable for operating satisfactorily in humid
and cormosive atmosphere found in refineries, petrochemical and gas processing plants,
metallurgical plants and other industrial plants. Service conditions shall be as specified in the
data sheets/job specification. 1T not specifically mentioned therein, a design ambient
temperature of 40°C and an altitude not exceeding 1000m above MSL shall be considered,
wilh a minimum temperature of 10°C for battery sizing.

TECHNICAL REQUIREMENTS

The Mickel Cadmium well’baltery shall be suitable for float duty operation with a constant
voitage permanently applied to its terminals which is sufficient to maintain it in a state ¢lose to
full charge and shall be designed 1o supply load in the event of normal power supply failure,
Tyvpe of plate construction for batteries shall be as per the data sheet.

The standard rated ampere hour capacity of the cellf battery shall be al a reference temperature
of 27°C, constant current discharge at 5 hours rate (C5) and an end cell voltage of 1.0 Vieell,

Fommat Mo. 8-00-0001-F1 Rey. O Copyright EIL — All tights resered
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Ampere hour of the battery shall be scieeted based on the following criteria:
Minimom site ambient temperature of 10°C

Discharge duty cycle

End cell voltage

Agcing factor of 0.8

Capacity rating factor

pon TP

Number of cells and end cell voltage shall be decided by the vendor on the basis of maximum
permissible voltage 1o the load when batteries are float charged while feeding the load and
minimum DC system voltage. However, the minimum number of cells and end cell voltage
shall be as per the data sheet.

‘T'he battery shall be suitable for being quick charged o fully charged condition from fully
discharged condition within 10 hours.

Battery assembly shall be supplied empty, dry and uncharged. Packed unused liquid
electrolyte with 10% extra shall be delivered with the battery in zuitable non returnable sealed
containers.

Each cell/battery shall have a separate container of 1.2V {nominal voltage}. The cell container
shall be of high sirength alkali resistant materal and designed to withstand mechanical
stresses, shocks and vibrations, The cell container shall be translucent/ transparent and shall
have minimum & maximum levels markings,

The terminal posts shall be of nickel plated steel. The terminals shall be suitable for shorl
circuit current and specified discharge corrent without damage to the cell as a result of
terminal heating.

Stationary Nickel Cadmium cells/battery shall be designed to withstand the mechanical
stresses encountered during normal transportation and handling.

Flame arrestor with venting device and cap shall be mounted on the cell so that all the vented
vases diffuse through the arrestor to the outside environment. ‘T'he construction of the arrestor
shall be such that hydrogen buming on the external surface of the arrestor shall not propagate
back into the cell to cause explosion.

The following information shall be permanently marked on the cell.
- Nominal voltage

- Name of manofacturet/model reference

- Rated capacity in ampere hours { Ah) with End Cell Voltage
- Yaoltage for float operation at 27°C with tolerance of £1%

- Month and ycar of manofacture

- Polarity Marking

Each sct of battery shall be supplied with all the accessories, inchuding, but not limited to the

following:

a. Battery stand in formation as per data sheet. Mild steel siand pretreated and epoxy painted
cpoxy powder coated f PV coated,

b. Inter cell, inter row and inter bank connectors and end take offs. These shall be of nickel

plated copper/flexible insulated copper cable/completely insulated solid copper connectors.

Cell insulalor as applicable.

Stand insulator,

Cell number plates/permanent stickers, Lugs for cable lermination, as required.

Other accessories and their quantity as per data sheet,

e
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5.0

PERFORMANCE

Nicke] Cadmium batteries shali have been tvpe tested to meet the performance requirements
for each design and Ah rating of cells as per Indian Standard reterred in clause 2.1 above.

INSPECTION, TESTING AND ACCEPTANCE

Batteries shall be subject (o inspection by EIL / Owner, or by an agency authorized by the
Owner, to assess the progress of work, as well as (o ascertain that enly quality taw material is
used. The manufacturer shall furnish all necessary infovmation concerning the suppiy 1o EIL /
(Owner's inspectors.

For Testing reguirements, refer Inspection & Test Plan for Stationary Nickel cadmium battery
{Standard no. 6-81-1047). FIl. / Owner's inspector shall be given free access in the works
from time to time for stage wise inspection and progress reporting. Prior notice of mininum 4
weeks shall be given o EIL/Owner for wilnessing the final lests of battery. Tests shall be
carried out at manufacturer’s works under his care and expense.

Test certificates of bought nut components shall be submitted 1o the inspection agency, as per
Inspection and Test Plar no. 6-81-1047,

Battery load test shall alse be performed at site after installation as part of commissioning.
PACKING AND DESPATCI

All the equipment shall be divided into several sections for protection and ease of handling
during transpartation, The equipment shall be properly packed for (canspoctation by shipirail
or trailer. The eyuipment shall be wrapped in polvthene sheets before being placed in
crales/cases to prevent damage to finish. Crates/cases shall have skid bottom for handling.
Special notations such as “Fragile’, "This side vp', "Centre of gravity', "Weight®, ‘Owner’s
particulars’, “1*0 nos.” etc., shall be clearly marked on the package together with other details
as per purchase order,

The equipment may be stored outdaors for long periods before instaliation. The packing shall
be completely zuitable for outdoor storage in areas with heavy raing'high ambient remperature.
A set of instruction manuals for instailation, testing and commissioning, a set of operation &
maintenance manuals and a set of final drawing shall be enclosed in a waterproot caver along
with the shipment.

Fomrnat No. 8-006-0001-F1 Rewv. D Copynight EIL - Al rights reservad
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Abbreviations:

AC : Alternating Current

AFE : Active Front End

BIS ; Burcau of Indian Standards

B : British Standard

CRCT ; Cure Balance Current Transformer
CEA : Central Elecincty Authority

CFL : Compact Fluorescent Lamp

CRC : Cold Relled Cold Anncaled

D : Direet Current

DS : Distributed Contrel System

DOoL : Direct On Line

ELR : Earth Leakage Relay

EM : Eleciromagnetic

EMC : Electromagnetic Compatibility

FLC : Full Load Current

IEC : Internativnal Elecrrotechnical Conunission
IEEE ; Institute of Electrical and Electronics Engineers
3BT : Insulated Gate Bipolar Transistor
KO : Tnput/Output

P : Ingress Protection

IS : Indian Standard

LCS : Liyeal Controd Station

LCr : Local Controd Panel

LED : Light Emitting Diode

MCB ; Miniature Circuit Breaker

MCCB : Moulded Case Circuit Breaker
MTBF : Mean Time Between Failure
NEMA ; Mational Electrical Manufactorer’s Association
PCC ; Paint of Common Coupling

PLC ; Programmable Logic Controller

(4 : Purchase Order

Ve ; Poly ¥inyl Chionde

Lm.§ : Roul WMeam Sguare

THL : Tulz) Harmonig Distortion

VDE : Verband Deytscher Electroteelmiker
YWFD : Wariable Frequency Drive
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1.0 SCOPE

The scope of this specification is to define the mimmum technical requirements for the design,
manufacture, testing and supply of Medium Voltage, AC Vartable Frequency Daive (WEI
System Tor small tatings of air coolers and oon crtical applications (typically upto 55kW
motor ratingsh. The VFD system shalt be compiete with Squirel Cage Induction motor as
specified in datz sheet, Converter, DC link/AC line reactor with sssociated suxiliaries,
fikters(if required) and field mounted local motor control panel.

The Vendor shall be responsible for engineering and functioning of the complete system,
meecting the intent and requirement of this specification and data sheets.

This spea Acaton applics to dnves connected w hine voltage up to HIO0 ¥, AC,

2.0 CODES AND STANDARDS

2.1 The equpment shall comply with the lateat cdinons of the following standards unless
gpecified otherwise:

IS: 4441 Code of desighation of semi-conduciing devices

18: 5001 Cude for preparation of drawings of semiconductor devices and Integrated
Circuits

I5: 5469 Code of practice for the use of semiconductor Tunction Deviees

I5: 8789 Values of Performnance charactenistics for Three Phase induction motor

1S5: 12615 Line Operated Three Phase a c. Motors (IE CODE) - Efficiency Classes ancd
Porlormance Specilicalion

15: 14901 Semi-conductor devices- Discrete devices & Integrated Circuits

IS 15880 Three Phase Cage Induction motors when fed from IGRT Converters-
Apphication Guic:

15 16724 f IEC 60079-14 Explosive Atmospheres — Electrical Installations Design, Selectinn

and Erection

TBEC 60048-2-60 Environmental testing: Tests -Flowing mixed gas corrosion test

ISIEC 600679-0 Explosive stmospheres: Equipment - General requirements

ISAGEC: 60947 Low Yoltage Swatchgear and Controlgear

1EC: 60146 Scmiconductor Convertors  general requirements and  line  comnmtated
CONVENTOTS.

TEC 60721-3-3 Classification of cnvironmental conditions: Classificanon of groups of
environmenial parameters and their seventies - Stationary use at weather
pratecicd locations

IS/IEC 614390 Low-Voltage Switchgear and Controlgear Assemblies- Guidance to
Spealying Asscmblics

IS/1EC 61439-1 Low-voliage switchgear and control gear assemblies- General Rules

IS/TEC 61439-2 Low Voltage Switch Gear and Controlgear Assemblies- Power Switch Gear

and Controd Gear Assembles

Formmal Ma. B-Gg-Dat-F ey © Capynight EIL — All nghts reserved
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2.2

2.3

2.4

25

33

4.0

41

4.2

IEC 61800-2  Adjustable speed electrical power drive systems: Geteral requirements -
Rating specifications for low voltage adjustable specd A.C. power drive
Systoms
IEC 61800-3  Adjustable speed electrical power drive systems: EMC rcquirements and
specific test methods
IRC 618(H)-5  Adjustable speed electrical power drive systems: Safely recquircments -
Electrical, Thermal, Energy and Fuactional,
IEC 61800-8  Adjustable speed electrical power drive systems: Specification of woltaye on
the power nterface
IEC TS 60034-25 Rotating Eleetneal machines, AC clectrical machines used in power dove
systems - Application guide.
IEEE:519 Recommended Practices and reguirernents  for Harmonics Control in
Elecirical Poracr Systerns
AN I5A-871.04 Environmental Conditions for Process Measurement and Conirol Systems:
Airborne Contaminants

ASTM BR45  Standard Guide for Mixed Flowing Gas (MFG) Tests for Elecirical Contacty

In case of imported cquipment, the standards of the counwy of origin shall be apphicable if
these standards ar: cguivalent or more stringent than the applicable Indian standards.

The equipment shall alse conform to the provisions of CEA Repulations and other stalutory
regulations currently it fores In the coutttry,

In case Indian standards are not available (or any cquipmenl, standards issued by 1IKC/ BS/
VDE/ IEEE/ NEMA or equivalent agency shatl be applicabile.

In casc of any conflicr between requirements specified in various applicable docoments, the
most stringent one shall prevail. However, owner's decision in this rogard shail be final and
binding.

SITE CONDITIONS
The AC drive system shall be desygned to operate under specified site conditions as specified

in the data sheets. If not speeifically mentioned therein, a design ambient temperature of 40°C
atd an alutde not exceeding 1000 mctres above tean sea level shall be considered.

The AC drive shall be mstalled indoors 1 s non-hazardous, air-conditioned or pressunized
roont, 25 specified it data sheot,

All the equipenent shall be desimed for contitmous duty as per nameplat: rabng under the
spectfied ambicent condihons.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of the art technology and a proven Geld
track record. No prototype cquipment shall be offered,

Vendor shall ensure availability of spare parts and mantchance suppott services for the
offered equipment for ar least 10 vears trom the date of supply.

Fommat Mo B-O0-0001-F1 Rev, & Coapynight EIL — All nghts reserved
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4.3

4.4

4.5

5.4

=9 |

Vendor shall give a notice of at least one year 1o the end wser of cquipment and EIL before
phasing out the product! spares to cnable the end user to place ordor for sparcs and services,

The vendor shall be responzible for design, engincering and manufacturing of the complcte
VFD system to fully meet the intent and requirements of this specification and amtached data
shects,

VFID pancls shall be sourced from the OEM of VFDs. VFD Pancls from gystem groups /
channe! partners shall not be accepted.

TECHNICAL REQUIREMENTS
Performance Requirement

The system shall be energy cfficient, and shall provide very bigh reliability, high power factor,
tow harmonic distortion and low wibration ¢ wear / noisc. Tt ghall b casy to iastall in minioum
time and expense and no special tools shall be required for routine mutntenance,

The YFD system shall be designed to deliver the motor input corrent (FLC) and worque for the
complete specd worgque characteristics of the load. The system shall be suitable for the toad
charucterisics snd the operational duty of the driven equipment. It shall be capatde of
withstanding the thermul and dynsoue steesses and the transient mechanical torque, resulting
from shori-cirewil. Necessary design in the VFID shall be considered to aveid / minimise drop
in the output vohage of VED, VFD sizing shall be done tuking care of following:

- Input supply variation of +/-10%% and frequency vuziation of +- 3%,

- Steady state voltage drop across the AC dnive including associuted choke and internal /
external filters on inpaet & owiput sade,

- Steady state voltage drops of % across cable from VFD to motor,

VFD sizing calculation shall be submitted by vendor for review/approval by Owanc/ELL.,
Sizing for choke / filters shall be also provided for review / approval by Gwner.

The drive system shall be designed to operatc in one or more of the following operating
maodes as specificd in the dara sheet:

a} Variable rorque changing as a funetion of speed 1.c. Speed soquared

b Constant torgue aver a specific specd eange

c} Constant power gver a speaifle specd range where e torque decrcases when speed
Increases

d} Any other as specified in data sheet

The dove controtler shall be equipped with microprocessor bused digital repulator with
programmable  functions. The power conbol regulator logic shall provide for an
acceleration/deceleration current imit curve and shall be capable of ficld adiustments without
shutting the system down, Lincar acceleration and deceleration shall be  scparately
programmable from 4. ! fo 20 scennds.

The System shall be switable for simple guadrant operation and the speed vanation shall be
with range 1:100 unless otherwise specified with speed sot accurscy of 1% of mted
maximm speed and steady state regnlation of £0.3% of mied speed.

The dvide lmils & V peak shall be as per IBC-61800-2 & 60034-25 & same shall be considered
1n the design of motor.

Formal Mo &-00-0001-F1 Rev D Copynight EIL -- Adl rights reserved
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3.1.7  The eomtroller output overload capacity shall be 150% of rated current of motor for one minute

518

519

5110

a1l

5112

51.13

11.14

5115

5116

323

Tor comstant lorque applications, and 110% of raled current for one minule for variahle torque
applicatirms at rated voltage. If the motor load exeeeds the limit, the drive shall aulomatically
reduce the frequency and voltage to the motor to guard apamst overload, Tf Joad demand
exceeds the current limit for more than 1 sninute, the drive shall shut down te prevent aver
heating of the motor and damage to the dove.

During operstion, the system shall be capable of developing sufficient torque under al! Tnad
conditions to respond to a 20% alteration in set point within a time limit up to 60 seconds.

The integrator action of the sel point altteration shall be independently adjustable for both an
upward and a dowoward alteraton. The minimum time interval between set point adjustment
by the distnbuted controd system shall be considered as 10 secomds,

Drive shall trip in case the speed exceeds 105% of the maximum operstional speed and / or
reduces to 5% of the mimirmbam operational speed for more than 10 seconds,

Maximuwm noise level from the drive at | meter distance, under rated load with all normal
cooling fans operating shall not exceed 75 dB(A).

Variatle frequency drive shall be arranged so that it can be operated in an open circoit mode,
discomecied from the motor for start-up adjustrents and iroubleshooting,

Harmonics shall be resiricted within maximum allowable levels of current and voltage
distortion as per recommendation of latest edition of IEEES]IS. To venify compliance to
IEELES519 at switchboard level the necessary data relaled o swatchboard hke man, short cironst
current [kA) , Load eurrent | other hnear and non Lnear losls comnected to the switchboard
and the working / standby eomfigoration of the connected toads shall be provided by owner.
Using the above required data the harmomies shall be anabyzed and switable mitgation solution
shail be provided by vendor by providing swtable filters in VFD, 6/12 pulse VFD, AFE YFD
atc,

VED shall be provided with Auto-PBeacceleration feature with facility of enabling/disabling
this [eature at site.

Yendor to provide switable voltmeter st VFD output side {after filter) so that final output
voltage at VTD end i.¢. afier taking into account voltage drop within VEFE 15 availahle.

VED Bystern shall be desipned o comply with EMC vequirements ss per HIEC G1EDO-
3 for conductive and radiated emission. Type test repart for EMC compliance for VETY Panel
shall be submitted by vendor. For longer cable lengths, requisite miligation measures including
providing soitable flters in VFI} panels shall be provided by wendor to comply with EMC
requiremnents. Desipn and construction of VFI¥ shall also comply o safety requirernents
specified in [EC 61500-5,

Controf Requirement

The system shall operate on constant VT supply with requized voltage boost capabality in low
freguency mode of operation,

Short ime voltage dips upto 20% of nominal [ e.g, in case of a large motor start up connected
tor the sarme bus as YFLD), shall not cawse the control system to stop functioning and shalf not
trip the drive system

The system shall also be equipped with a3 momenlary powerloss ride through [esture which
will restart the system in case of vollage dip over 2004 or power interrupions [or less than 2

Farmal Mo 8-00-000%-F1 Rav. O Copynghl £, — All nghis reserved
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524

525

526

527

328

329

3.3

31

geconds, with recovety of the voltage to its nominal value. The drve shall have the facility to
bluck this feature, if reguired by the operator. Upon restart, the converter shall be capable of
re-synchronining onto mnaing motor and develop full acceleration tarque within 10 seconds,

The system shall be suitable for number of starts as per attached standard specification for
Medium: Voltage Induction Motors,

The power comtroller shall be repulated to always start the motor in the forward direction,
Logiv shall be provided to prevent the motor fiom being started in the reverse direction,

The drive mator shall be speed regulated cormmesponding to 4-20 mA or 0-10 'V reference input
signal. Upon complete loss of the user's speed reference signal, the drive shall avtomancally
rart at eonstant speed as determined by the last speed reference available prior to the loss of

signal.

It shall be possible to vary the speed of the dove in either manual o aute mode. Auto/Mannal
selection shall be from VFD pancl unless otherwise speaficd.

a) With the zelector switch in “manual” mode, the operator shall be abke to set the speed
through key pad (mounted on front of the drive panel) or from speed incregse/decrease
push buttuns (from the field). Motor operated / Digital potentiometer shalt be provided
as a speed set point device,

Y] With the selector switch in “auta” mode, spead of the motor shall be controlted from a
4-20 mA sgnal, from owier's PLODCS (Process Control) system. Wecessary
cquipment required for wterfacing with PLC/DCS shall also be provided in the VFD
pancl.

c) Local/Eemote sclector switch shall be provided in local contool station (in Figld). With
the sclector switch in “Local™ mode, the operator shall be able to start and set the
speed throngh local contral statiom (in Field). With the selector switch in “Remote”
maode, operator shall be able to start and speed of the motor shall be controlled erther
from VFD panel or from Owner's PLC/DCS as explained 1m a) and by above, {For
local controd station, also refer €1 5.5.6 below).

The required provision for the interface with PLC/DCS (located at remote contret Toom)
including the details of cormmunication module and data wapsfer facility, O details shalt b
fornished. The commumcation mteeface shall be via senal commumcation ok with indusiry
standard open protocol i.c. MODBUSTaw Highway Plus/IEC-61858/ R5-485 etc. and same
shall be coordinated with the interfacing equipment, Tn casc the vendor is using their
proprietary software, the interface software for use with owner’s system (software) shall be
previded.

Temperature controller in VFD shall receive signal from thertmistor provided in the motor,
Contact of the same from temperature controller shall be used in Start Poerrmssive.

Pianel Construction

Hach V1) system shali preferably be housed in separate stand alone panct fabricated using
Cialvamsed steel or any other matenal complying with EMC requirements & unpamted from
inside. The sheet steel used for the pavel shall be of minimum 2 mm thickness except the
doors & covers which witl be of minimum 1.5mm thickness. Alternatively common panel(s)
for several VFD systems can be comsidered, provided suitable barrier for full heyght are
provided beoween different VFIY module for safety, operation and mamiesance.

Frnnat Mo BO0-0041-F1 Rew D Copynght EEL — Al nghts resarved
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532

533

534

3.3.5

536

537

538

3.3.9

53.10

The VFD* panel{s) shall be suitable for indoor installation, il not otherwise specitied. The
panel(s} shall be free standing with degree of protection as rmin. TP-4} & type test report shalf
ke subrmitted (or the same. The maximum and minimnm operating height shall be 1900 mm
and 300 mm respectively.

Each VFD module shall include suitable isolating device {ie. Circuit breaker/MCCB/! Switeh
fuse) for main supply, contactors, semi conducting power devices (Dicdes / IGBT) modules
with protective devices, reactors, fiHers, output isolating device {for VFD with By-pass),
control circuit, controd accessones, indicaticn and apnunciation ete,

Main isolating device shall function as a manual disconnect and shall be an AC thermal-
magnetic circuit breaker or a fused switch with dual clement fuse to trip autematically on fanlt
curments, as specified in data sheet. Devices shall be lockable in the open position and shall
have 2 minimum interrupting capacity as specified in data sheet. Interiock shalt be provided
between the door, so that door catwtot be opened unless the breaker/switch is open.,

Bolted undrlled gland plate shall be provided at bottom with single commpression type cable
gtand, Clamp type terminals shatl be used for connection of all wires up to 10 mm’ and
tertaingl for higher sizes shall be bohied rype suitable for cable lnps. Minimum clearance
between gland plate to cable termination pomt lor power cable termination shall be 20mm
clear.

Bus bars shall be of electrelytic copper/alumimum, colour coded.  All the Jive parts shall be
sleeved / shronded to ensure complete safety to personnel intending to camry out routine
inspection by opening the panel doors. All the equipment inside the panel and on the doors
shall be provided with suitable nameplate. All wires shall be ferruled and ternminaks shall be
properly mumirered, minimum 20% spare terminals shall be provided. The type/matenal of
construction for all name plates shall be preferably snodized shurrinum or 3-ply (Black-White-
Elack) lamicoid sheets. Howsver back engraved perspex sheel nameplales may also be
acceplable, Nameplates shall be fastened by screws and not by adhesives,

Al the power and control switches shalt preferably be mounted on the door and shall be
operable externally. All the apalogus imstruments, wherever provided, shall be awitch board
type, back commecled, ¥xPSmm size, Scale shall bave red mark indicating maximum
permissible operating rating. AR components mounted on 1DIN RAIL shall be provided weth
end clamps except for components mounted Mrmly on base plates using screws.

Each panel shall be provided with LED type itharminating Tamp with MCRE & door limit switch
for lamp control. 3/15A, 240V power socket with switch shatl be provided. Each panel shall
haye space heaker with vanable setting thermostat. Dual pole MCB shall b provided for
isolation angd protection of wtility components.

Copper earth bus of n. 30%6 mm size shall be provided at the bottem of the panel extending
outgide the panet on both sides. All the pon-metallic components/parts shall be connected to
the main earth bus bar. Tn case a separate carth bus for electronic conteol system is requred,
the same shall be indicated m the drawings,

All panels shall be of samc height o as to (orm a unitorm lme-up, to give good aesthetic
appeatance.

All the contral wiring shall be cnelosed in plastic channel. Each wire shalt be wdentified at both
ends by self-sticking wire marker tapes or PV fermules. Power and contrel winmng inside the
pandd shall be done with BIS approved PVC insulaied. Aame retardant, low smoke, copper
conducter wire. 1.5 mm’ size wire shall normally be used provided the control fuse rating s
10 Amps or less and 2.5 mm” size for control fuse ratmg above 16 A for clectrical circuits and
(L5 mm? Tur elecironic circuits,

Format Mo, 3-00H300-F1 Rey, 0 Copynght Bl — All nohits reserved
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5311 All electronic modules and components shall be accessible from front of pancl only, Modular

2312

J.3.13

34

55

551

phug-ifdraw-out assembhies for both the system control electronic equipment and power
cleetrome cqupments shall be used,

Snitable removable type hooks shall be provided for lifting the panel{s).

Conformal coating ghall be done for all PCB, eleetronie cquipments as per min, Class 302
{1Iarsh environment} of IEC 664721-3-3. Alernatively, 1t shall comply with ANSL ISA 571.04
class G3 or IEC 60068-2-60 for mixed flow gas tost ot ASTM B845,

Spare terminals of all the devices viz. relays, transduccrs, Digntal/Analog 10 Boards etc. shall
be wired upto panel terminal strip.

VED Papel including imsulator supports, conductors etc. shall be designed 1o withstand
specified short circwil cuments fora peried of min. 1 sec. Short circuit tvpe tost report
alongwith bushar sizing calcuiations shall be submitted by vendor For small rated VFD
protected  with meoming SFUMOCE  feeders having  faelt current limiting  foarares,
prospective short eircait current shall be considered.

Caooling

Cooling system shall include well-dimensioned panel, adequate cooling airflow path, module
cooling fan and # necessary, panel cooling fan. Vendor shall ensore that the panel dimensions
and flow paths have been designed for continuous renning at the specificd ambient without
ovethegling, For fan cooled drives. redundant ventilating fans (N+1) shal! be provided
Mecessary slarters shall be provided within the VFD pancls for these fans. Tn case redundant
coohinyg fan is not possible to be mounted, same shall be supplied loose.

Eguipment! Component Specification
Motor

The moter shall be designed. constructed and tested in accordance with the attached standard
specification for Medium Voltape Induction Motor, in addition to the following requireiments:

Y] The motor shall be converter prade motor suitable for nperation with a solid state
prwer supply consisting of &n adjestable frequency inverter for specd controt and shalt
comply to IS 16724, IEC-60034-25 and relevant part of ISTEC-60079.

b} The motor shatl b suituble for the current waveforms produced by the power supply
includiny the barsonics generated by the dnve.

c) The motor shall be designed to operste continuousty at any speed over the range
£1-100%%} of rated specd or a8 speeificd i duta sheet.

d Motar shall be provided wath thermistor Lype temperature detector,
&) The maotors shatl be provided with Class “F* insulation with temperature rise limited to
Class *B'.

t Motor shall be designed sumtable to deliver the torque toquired for complete speed
torgue characteristics of the load cousidering the voltage available at the mwtor
terminals aiter taking into account supply voltage tolerances, voltage drop within VFD
panel and voltage drop within cable as specified 1n ¢l no. 5.1.2.

Format No B-B0-D001-F1 Rew D Copynght EIL — Al nghts reserved
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g)

h}

1y

1

k}

Muators required 1o be transferred to DOL by-pass mode shall be rated for specified
varationg in line vollage, frequency apd starting corrent limitations as specified in
data sheet.

The motor shafl be constructed to withstand torque pulsations resulting from
harmonics generated by the solid state power supply.

The metor ipsutation shal be designed to accept the applied voltape wave form,
within the Vp.u and dv/dt limits as per IEC-61800-2 and 60034-25

The dove meaufacturer shall be solely respansible for proper selection of the motor
fur the gven load application and the output charactenstics of the drive,

Induced vollage al the shaft end of the motor at oo load shall not exceed 250 mV rmg
for roller and ball beatiags and 400 mVY for sleeve beanings, Fhe mon driving end
bearing shall be thsulated from the motor frase to avedd circulating current. The
insulated bearing end shield or podestal shall bear 2 promioent warning. Insulated
bearing (Non Drive Epd} shall be provided srrespective of modor frame size,

Motor for hazardous area applicstion shall have valid type test certificals 13sued by
recognized independent test house certifying that motor is suitable for converter duty
application. Correspending statutory approval (e.g. PESO/DGMC etc.} a5 applicable
for the specificd location shall also be furnished fos the bazardous area motos.

532 Power Converter

a}

b)

£}

The static power converter shall constst of a ling sidc power converter for operation as
a rectifier and a load side power converlor for operation 2y a fully controlled inverter.

Normally, for all output short cirens, the joverter shall interrupt the current before
any semi-conductor fise blows. For mlcrpat short circuits, scmi-conductor fuse
protection shall be provided. and for feults upsiream of semi-conductor fises, the
converter shall be able to withstand a three-phase short civenit current until intemmupted
by normal breaker operation In case of fuseless design, the Salure shall be Hmited to
the particular device, without causing any damage to other pars of the power module,
There must be clear anmuncianion of the faiture of the device.

All power camverter deviees shall ipclude ¢o-ordinanon by peak voltage protecting
ambber networks and difdt and dvidt nolworks.

The current rating of the converler's semi-conductor components shall not b less than
120%% of the nominal currcnt lowiag through the clements al folt load of the VFD
through the whole speed range.

All power diedes shall be of silicon type with mimomum Yy, rating a8 2.5 timcs the
rated operating voltage.

The power coaverter circuit shall be designed so that motor can be powered at s full
pam: plate ratng conhmuousty without exceeding its rated lemperatyre tige due to
harmanic currents generated by the 1nverter operation.

The converston devices and associsted heat sinks shall be asscmbled such that
individual devices can be replaced withow requnng the wse of any special
Precautions/tooks.
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L} The cooling system of the eleclronic components, if provided, shall be montored and
necessary alarms shall be provided to prevent any consequential damage to the power
control devices,
1) All the power tranststors, thyristors and diodes shall be protected with high-speed

semiconductor grade fuse. Tt particulars of the power controller devices and the fuses
ghall be propetly co-ordinated for the seleetion of fusos.

5.53 DC Link/ AC linc Reactor (if required as per vendor standard design)

a)

b}

<}

Smoothing reactors for the DO link shatl be’ provided if required as per standard
design of vendor, AC line reactors, if provided o per standand vendor design, shall be
suitable for harmonie suppression and faylt current hmidtation,

The reactor shell be dry type, air cooled or fan cooted tvpe locaied wathin the panel.
In case of fan cooled type., opetation of fans shall be monitored

Reactor shall be suitable for operation with the non-sinusoidal current wave shapes
and D components under all operational conditions of the system without exceeding
its temperature Kmats,

534 Outpat Filter

VFT} output curmenl waveform shal! be inherently sinuscidal at all speeds. Output ffter
capacitors shall be provided with discharge circuits to enswe that oll residual stored charge is
redued te less than 50 Y DXC within 60 seconds after a loss of AC voltage.

The VFD system shall inherently protect motor fom high voltage dv/dt stress & Vpeak |,
independent of cable length to motor, Output filter shall be an integral pant of the YFD system
and included within the VFD enclosure,

555 Bypass Feature

5.5.5.1 Owtput contactor or Load Break Swritch shall be provided for izolation between the output of
Controtler and the motor for VFD systems with Bypass feature.

5552 E}'ﬁass feature shall be provided, of specifted in the data shect along with VED-Bypuss
selector switch. Accordingly Bypass feature with Bypass starter shall meet the following
requirements, unless otherwise specified in the data sheet:-

Bypass starter shall comprise of switch-fuse, cowmtactor, bametal relay mecting the
requireinents of Tvpe? coordioation as per ISAEC-60947. CBCT and ELR shall be
provided for motors rated above 22kKW & upto 55kW unless otherwise specificd in the
data shevt, Heavy duty starters shall be provided with saturable type current transfortner
opurated overload tolay only, which shalt be suitable fof motor starting time of 15-6()
seconds.

Bypags starter shall be in scpursie compartment amd it shall be possible #o isolate and
maintain the VEFI} while drive moior runs in Bypass mode, Three contactors! breakers
shall be used for this purpose, one contactor mn the bypass and two contactors across the
drive, such tkal i case of dove mat-operation, the motor could be taken on bypass contsol,
while the dnve could be attended by opemnyr its contactors, Suitable interlock shall be
provaded such that bypasy mode and VET? mode shatl ot operate sinmitanecusly.

5356 Loecal Conirol Station

The locat control station shall conform to the attached standard speciflcation{s).
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5.6

561

56.2

5.6.3

5.6.4

565

Meters in the local control station for motors rated above 5 5kW shall be suitable Tor 420ma
trapsducer outputs and shall be calibrated for the actual motor current unless spocified
otherwise. Further, for drives with bypass facility, the meters shall be capable of reading
bypass full load and starting currents, as well as the dive carrent. Local-off-Remate selecior
switch shall be provided 1 the LCS for selection of controf from Local (i.e. LCS in Ficld} and
Bemaote (i.c. from VFD panel / IXCS / FLC).

Vendor to ensure that suitably sized capopy shall be provide by vendor for outdoor LCS which
will cover LCS from all 3 sides apd protect the LCS from rain water in all directions.

Awxiliary AC power supply Tor LCP/LCS shall be denived by vendor,
LCS shall be provided with 20% spare terrminaks.
Protection, Control, Metering and Indication / Annon¢iation

The manufacturer shall provide all the necessary systemn control, protection, alarm cqipment
amd metering for the entire drive system and its awdliary equipment.

Aytomatie sequence conirnl shall include start-up of cooling system, interlock checking,
automatic start and mun-up of drive, planned and emergency shutdown, The same shall be
processed throuzh microprecessor based systom.

Operator Control Panel

Each drive shall be equipped with a front mounted operator control panel consisting of a
backlit alphanumeric display and 8 keypad with keys for Run/Stop. Local/Remote,
Increase/Deciease, menu navigation and parameter select/save. Al parameter names, faoh
messages, wamings and other information shall be displayed in Complete English words or
standard English abbreviations to allow the user to understand what is being displayed without
the use of a manual or cross-referance table. This shall alzo be uged for the wmodification of all
glectrical values, configuration parameters, drive menn parameters, application and activity
function access, faulis, local control, adjustment storage, self test and diagnostics.

Proteclive Features

The system oflered shall mmeorporate adequate protective testures, property coondinated for the
dirve control and for motor but oot Kmated to the following:

i} Under / Over voltape profection

1) Phase lass, phase reversal protection

1} Programmable Over current protection

i) Inverter Fanlt protection

v) Over frequency /Over speed protection of motor

vi) Ventilanion losz (In case same is not provided, drve shall gencrate an over

temperature fault alanm. Suitable sensors as required for same shall be provided)
vil)  Ower temperature protection of equupment
viil)  Complete motor protection
X} System Earth fanlt Protection

Alarms

The system shall mcorporate protection alams, required for various faulr conditions, for the
Dive moter, Supply cables, 120 Reactor and the Converter, Alarms shall also be included for
the failure of various suxiliarics together with wentification of the failing unit, Joss of cooling
systein efc.
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566 Controls

The controls shall be provided as a part of the Operstor Control Pancl as poar clause 5.6.3
above.

567 Indicatinns

The following indications shal] be provided as a part of the Cperator Control panel.

1) Motor running

i1} Motor stopped

iii} VFD System Faualt
(N3 System ready to start
) AC mains ON

vi) Motor over speed
vii} Drive "ON'

vHi)}  Motor zero speed
%) B.emote breaker trip

Potenbal froc contacts of dlerms i) - vil) shall be wired separately for indications m BXOS
gystem.

568 Metering

Dnigital display of the following parameters shall be as 2 part of the Operator Control Pancl,
sclectable by the operator.

i) Input AC voltage

iy Ioput AC frequency

it} Input AC Current

iv) Output voltage

v} Output current YFD 7 Bypass
¥i) QOutput freguency

i) Dnve thormal state

viil)  Mowor speed

) Motor encrgy mgier

X} Eun bour meter

Necessary dual type transducer shall be provided with 4-20mA output [or indicating motor
speed and motor current in DCS under both VFD and Bypass mok: of operanon.

562  Apsunciations

Potential frec contacts shall be provided for following annunciation and shall be wired up 10
terminal hlock lor owner's usc for remote monitoring:

il Dwrive faglt
Al drive internal faults wall be annunctated as dive fault.

5.7 Fault Diagnostic

Fault charnostic shall be built into the system to supervise the operation and failure of the
SYSLCI.

58 Control Circuit

Control supply for devices cxternal to VFD modale ie contactors control, indicating lamps,
dyntat meters (Ammceter, Voltmeter, Speedometer) ete. shall operate on 240V control supply
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derived from single-phase control supply transformer, with switch-fuse provided in priinary
and MCB in secondary, located inside the drive controller.

One Na, P10 DC 110V ACY 230% AC UPS Supply for each VFI panel shatl be provided by
owner for VFI3 control logic, Power supply al any other voltage shall be derived by vendor.
Conversion of this 110V DC /S 110V AC / 230V AC supply to any other vollage Tovel or 1o
ACDC power supply shall be take carc by vendor by providing suitable converterfinverter
inodule nside VFD panel.

20V AC space heater supply for panel and motor space heater shalt be provaded from
external source by owner.

59 Heliability Features

s

an
5111

53.1L2

5113

6.0

6.1

ty  The cxpeeted life time of the VFD shall be mimiiram 20 vears. The VFD meluding all
individual eomponents forming pari of the system shall have an availabahity of minimum
0.9%7 and a minimum MTBF of 4 years.

iiy  The controller design shall incorporate the following reliability features:
- Pre-tested components with power components to be 100% tested under dynamic
conditions,
- Printed crreust baards shall be computer testod and adjusted.
- Printed eireuit boards shatl be temperature eyeled for 3 mimmem ol 40 hours.
- Printed cireuit boards shall be treated for tropical, humid and corrosive cnvironment,

Maintenance Features

The controther design shall incorporate the following maintenance fCatures;

- Midular construction

- Printed cireuit boards shall be plug connectad,

- All components shall be casity aceessible frotn the front of the enehosure,

- Standard diagnostics o ad mamtenance personnel. These shall include LELDY or
alphanmuneric displays, test or measureinent poiots,

Fainting

All metal surfaces shall be thoroutghly cleancd and de-greased o romove mall scale, usi,
prease amd dirt. Fabricated structures shall be pickled and then rinsed (0 remove aoy trace of
acid. The under-surface shall be prepared by applying a coat of phosphate paint and a coat of
vellow zinc chromate primer. The under-surface shall be made free from all imperlacuons
befiore undertaking the fimshing coat.

Adter preparation of the under surface, the pancl shall be provided with epoxy hased powder
coating. The color shade of the final paint shall be RAL-7032. unless otherwise specified.
Pane| Imish shall be free from imperfections hke pinholes, orange pecls, minoff paint, ete.

All unpainted stec] parts shall he zine passivated, cadidum phated or suitably breated to
prevent rost and corrosion. If these parts are moving clements. then these shall be greascd,

INSPECTION, TESTING AND ACCEPTANCE

During fabncation, the VFD shall be subject to imspection by EIL 7 Owner, or by an agency
arthorizcd by the Owner, 10 asscss the progress of work, as well as to ascertam that only
quality raw matertal 15 wsed. The masufactorer shall furmash all neccssary infoemation
concerning the supply to BIL / (Ownetr's thapectors.
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6.2 All ests shall be carded oot at the manufacturer's works under his care and expense. The tests
shall be witnessed by an inspector of EIL! Owner or of an agency authorized by the owner.
Prior notice of minimum 4 wecks shall be given to the inspector for witnessing the tests.
6.3 Cemplete VFD system (as defined in CL1.0 above) shall be offered for test & inspection as
per EIL 5td. ITP 6-81-1038. In case combined testing requirement i3 mentioned in PR/Data
sheet, testing shall be carried out on Complete VFTY with Job metor as per EIL Std. ITE 6-81-
1038, For hazardous area application, requirements specified in cl. no. 5.5 1.1 above shall also
be complied.
6.4, String Test with Driven Equipment
If a string test with driven equipment 15 required, this wil] be mentioned in the data sheet of the
driven equipment.
7.0 FACKING AND BESPATCH

All the equipment shall be divided into several shipping sections for protection and ease of
handling during transportation. The equipment shall be properly packed lor selected mode of
trangportation 1.¢. ship’mil or trailer. The panels shall be wrapped in polyvethylenc shocts
before being placed in wooden crates/cases to prevent damage to the finish. Crates/cases shall
have skid bottoms For handling, Special notations such as ‘Fragile’, “This side wp’, “Weight',
"Owner's particulars®, “PO nos.” gic., shall be clearly marked on the package together with
other details as per purchaser lor scrutimy,

The equipment may be stored outdoors for long perimls before installation. The packing shalt
be completely suitable for owdoor slorage, in arcas with heavy tains’high ambient
temperamre.
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