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o BASED ON: BHEL EypERIENCE JIEEEIYSY /1€ 6003y -2F
gg CONTINUOUS ON LINE PARTIAL DISCHARGE MONITORING SYSTEM
ge FOR TURBOGENERATOR WINDING
. 1.0 APPLICATION:
EE : .
'@E The life of stator winding being a major factor in the life of the machine itself, condition
E monitoring of HV electrical insulation becomes a critical measure of life expectancy.
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Insulation deterioration due to delamination, abrasion or swelling results in presence of
voids in insulation system and result in partial discharge within the HV insulation,
tracking on end windings and sparking between stator core and loose stator coils. In order *
to provide an effective tool for predictive maintenance and condition monitoring of the
stator winding in HV rotating machines, continuous on-line PD monitoring system for
stator insulation is proposed to be connected to the Generator system.

20 COMPLIANCE WITH STANDARD : This document has been prepared based on
BHEL experience. Assistance has been taken from [EEE 1434 / IEC 60034 Part-27. .

3.0 SCOPE: \

3.1  This specification defines the requirement of design, manufacture, supply and installation-
of the Continuous On-line partial discharge monitoring system, including permanently
installed PD sensors like Capacitive couplers, signal cables, Data Acquisition Units,
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miscellaneous installation / sensing materials as well as system controller and software. -

3.2 The system shall enable automatic and continuous on-line monitoﬁng and testing of PD
activity in the stator insulation without any interruption of the operation of the generator.

The system shall con;?n alarm and self test interfaces. The system may be independent of
a computer functionality with respect to data capturing and storing. There should be
provision for storing matrices alongwith trending parameters.

3.3 The system as furnished and installed shall not in any way compromise the integrity and
safety of the generator.

3.4  The system shall also automatically monitor the operating conditions of each generator, to
ensure the validity of the partial discharge tests. To enable such monitoring, the system
shall include all necessary analog input modules, customised to accept signals provided by

TR G Reiw
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A

purchaser / end user.
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x| 3.5 The system shall be capable of performing complete PD tests and producing all necessary
2% graphs either in pre-defined time intervals or on coincidence of a pre-defined combination
§E of operating parameters.
E E The system shall be capable of automatically suspending measurements if the generator is
: not in service.
i
| 3.6 The system shall be capable of being installed during the factory or field erection of the
generator, with the rotor in place
34 3.7 Any material and component not specifically stated in this specification but which dre .
§—g necessary for trouble free operation of the system and its accessories shall be deemed to be
g : included unless specifically excluded.
E%% 3.8 The complete system design, supply, erection, testing and commissioning shall be carried
Z58
E 8 out by the supplier in close coordination with the purchaser / end user of the system.
Z gig 3.9 Supply and installation of all equipment and accessories including cables shall be carried
S E, 5 out by the supplier.
2255 3.10 Any special instrument / equipment required for erection, testing and commissioning shall
ax q ..
; gg g be provided by the supplier and may be taken back after successful commissioning. B
5 _§§‘E 3.11 10% of the installed quantity of senisors, subject to minimum of 2 numbers shall be ]
R supplied as mandatory spares. ‘
A sE.
oFl '
© 5% 4.0 TECHNICAL REQUIREMENTS :
2t 4.1 The system for continuous on-line partial discharge monitoring of Generator shall monitor
partial discharges during normal operation of the gas / steam / nuclear / turbine generator
& g while eliminating all types of external electrical interference unique.to each machine.
EE Brief techmical parameters of the machine shall be furnished as per the format indicated in
E & the Annexure -1 by the purchaser. Measuvement gystem Bandwidth = 50MHz.
% E 4.2 Noise Cancellation : "Effective fully DIGITAL noise cancellation technique based on pulse
E %k arrival time or other proven method to ensure that false test results do not occur and suitable
E E 5 for turbo generators as mentioned in Annexure - 1.
£ f—;_ 43 Power source : Dual Power supply feeder at 240 Volts + 10 %, single phase, 50 Hz
E £ (+ 3%, -5%) can be provided by the purchaser. Power supply required at any other voltage
E‘ E ' level shall be arranged by the bidder suitably by deriving the same from above supply.
%
’E § 4.4 Capacitive Couplers :
E e The couplers being installed on the HV terminal side shall be of suitable type with good
E frequency response for the machine. These couplers shall be of Epoxy Mica type and PD
” free corresponding to rated line voltage and shall be suitable for temperature at least upto
E E '3’ 105°C. The type of capacitive coupler offered should have been used as part of a
'g o By continuous on-line PD monitoring system on generators for at least 2 years. The details of
E é wt supplementary PD sensors if any shall be furnished.
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gé The PD sensors like epoxy mica capacitors shall be grounded at the installation point.

58 Adequate safety protection should be provided at the coupler location taking into account

& personal safety even in case if signal cable is cut off at any location.

£ »

BE Couplers, unique to each type of machine and other PD sensors shall be of such design so

& E as to be installed outside the generator assembly without involving any modification in the

E generator.

Signal Cables :
The signal cable to be supplied shall be of 50 Ohm or as recommended by the supplier.

Each signal cable shall be terminated in a Shield Grounding Assembily, if applicable, at the
capacitive coupler end and to a DAU (or an intermediate termination box) at the other end.

The signal cables shall be routed along a conductive grounded metal surface or in metallic
conduits.

The placement of the signal cables or conduit shall not interfere with normal operatlon and
maintenance of the generator. 3\ "

The signal cables shall be securely fastened to the ground plane to prevent movement due
to vibration or windage. '

Alternatively proven type of signal transmission system shall be considered.

4.6 Data Acquisition Units (DAU) :

A DAU (and, if necessary, an intermediate termination box) shall be installed external to

Laupiccifiient

STl

z B
EE
E %
E E E 4.6.1
E é & the generator housing. Both the DAU and the termination box shall be weatherproof.
E J
% £ 4.6.2 The DAU shall iricorporate number of inputs sufficient to accommodate all PD sensors.
EE
EE 47  The intermediate termination box if needed, shall be sized to accommodate all signal
£ E cables and shall incorporate :
(R
E B Proper grounding with copper wire shall be done to connect the termination box to the
E . station ground grid.
E If an intermediate termination box is not installed, all necessary connection and protection
% o% component shall be integrated into the DAUs.
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4.8

4.8.1

4.8.2

4.8.3

4.8.4

4.9

4.10

SYSTEM CONTROLLER AND SOFTWARE :
The Bidder shall supply :

The system controller, capable of monitoring one DAU or more at site shall consist of a
personal computer equipped with all necessary peripherals.

All necessary software to control the operation of each DAU to collect PD data based on
generator operating conditions or continuously, store test results on a hard drive and
enable communication with other computers located elsewhere.

All necessary hardware and software to enable the DAUs and the System Controller to -
communicate back and forth over a local area network (LAN). The LAN backbone
(twisted pair / fibre-optic cable) will be provided by supplier.

The software components shall be divided into two groups, those that perform monitoring
and display functions and those which are used for configuration (i.e., system set-up and
selecting conditions for data storage and alarms) only.

System shall be fully configurable from personal computer.

DAU shall provide for communication with PC via local network, land-line or cellular i
modem or wireless radio modem. *

Computer :

Details of on-site / off-site Computer hardware for running of PD software shall be
suitable to system requirement for storage and analysis.

Software Features :

Software for analysis/and interpretation of test results (expert system) to assess the
condition of winding insulation.

It shall be capable of following :-

a) Collect data from all DAUSs with all sensors connected.
b) It shall form the database that is used as the basis for interpreting on-line partial discharge
measurements.

¢) Providing Triggers for taking PD measurements and saving data based on :

e Time

¢ Generator load (MW and / or MV Ar)

e Stator temperature "

Input for the above parameters will be provided as 4-20 mA signals from the purchaser.

The system shall provide monitoring of dynamics such as winding temperature, load,
voltage and shall have access for feeding directly into the monitoring for correlation
with PD activity.
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4.12

4.13

4.14

5.0

d) Distinguish the PD pulses that are coming from stator slot and or from end winding
region.
e) Trend analysis over time from present and stored results.

f) Overall condition of the winding and identifying likely causes of the problem which will enable
predictive maintenance.

g) Alarms if threshold values are exceeded in magmtudc (Qm).
h) Extensive test result presentation

LAN connectivity via an IEEE 802.3 Ethernet card or twisted pair RS 485 or modbus for
remote operation/ monitoring and necessary interface provision with owner’s DDCMIS.
(Distributed Digital controlled Monitoring Information System). This interface shall enable
monitoring of PD values in DDCMIS. The vendor will include required application software
to meet this requirement.

Also one potential free contact for alarm shall be provided by the supplier.

Ambient Conditions : The system shall be suitable for operation in ambient temperature
from 0 to 50°C and relative humidity of 0 to 95%.

The system shall have a suitable protccﬁ'on system against over voltage.

Bidder shall clearly indicate with schematic diagrams, the scheme from the bus
coupler (connected to HV Bus) to the measuring system.

Installation and Commissioning : Installation and commissioning to the satisfaction of .
BHEL/ end user shall be done by the supplier.

In this connection, based on the site layout, the installation drawing of various bus
couplers and associated assemblies shall be got approved prior to actual installation.
Supplier shall bring all commissioning spares at the time of commissioning. The system
shall be capable of being installed during the field erection of the generator with rotor in
place.

5.1 The Bidder shall provide qualified labour and test equipment, necessary to complete the final

52

commissioning of the system.

Supplier shall install and perform calib;ation of all PD couplers.

5.3 Supplier shall ensure during commissioning operation of system controller and network

between system controller and DAU, operation and accuracy of machine parameter inputs,
alarm outputs, operation of LAN and the complete system
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gg 5.4 Supplier shall establish in consultation with BHEL/ end user partial discharge sensitivity
gg settings and alarms and set these using the DAU settings and other peripherals.
-~ 5.5 The system thus supplied and installed shall not in any way compromise the integrity and
, safety of the generator.
E‘ g

training shall be provided by the supplier to BHEL/ end user engineers during

| to the
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8.1 Bidder shall furnish the following type, Routine and Functional tests: )
Type Test: \ . C
Y a) Surge protection test (type test) for solid state equipment as per ANSI C 37.90a — latest

commissioning. During the training, supplier will demonstrate the use of various system
operational software packages as well as interpretation of PD data, stator winding failure
mechanisms. :

7.0 The system offered shall be of proven design and shall be manufactured as per the latest
requirements of relevant international standards. -

8.0 INSPECTION & TESTING :

edition/ IEEE — 472 / IEC — 60255 — 4.
Acceptance Norms : As per acceptance clause of specification.
b) DryHeat Test : asper IEC 60068 -2-2

WK gd Mo
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¢) Damp Heat Test : asper IEC 60068 -2-3 )
Acceptance Norms : for (b) & (c) : Should pass in relevant functional checks.

Routine Tests:

d) Burn — in test (Roytine) as per test procedure indicated in Annexure-2. Alternatively
supplier may indicate the test method by which infant mortality of the system is
eliminated, for the approval of BHEL/ end user. Certificate shall be furnished
accordingly.

e) Coupling Capacitor shall be type and routine tested as per relevant IEC / IEEE / ASTM
for a minimum of 40 kV AC RMS for 1 minute and partial discharge test as per IEC
60270. The maximum PD level should not be more than 5 pC at 25 KV r.m.s.

Functional Tests:

f) Test to demonstrate the proper functioning of all the hardware and software.

g) Test to demonstrate the control system functions.

h) Test to demonstrate all diagnostic features.

Acceptance Norms : Based on Operation Manual.

€
SRR
Y
; REV. NO-O%E'
g |~ : . Foiforema
%2 ? WORKED BY. C R SAHA &)1.&/ M-O"@
S
N it
A N\ CHECKED BY P AGRAWAL W‘I’&W




<PART NUMBER> <PART REVISION NUMBER>

) Jeare  IeTB TG 60554
£ EA o
3 PRODUCT STANDARD  |Page 7 of 10

8.2 In case certificate for any test is not available, or in case the test reports are not found to be
meeting the specification/ relevant standards requirements, then all such tests shall be carried out
on the equipment being supplied. Also, calibration certificates for the mstruments in the system
shall be traceable to National/ International standards.

SUPERSEDES
INVENTORY NO.

9.0 Guarantee: The system shall bear a guarantee for a period of 24 months from the date of
commissioning.

ar) o W @y
iy wa @

10.0 Predespatch Inspection : BHEL reserves the rights to carry out predespatch inspection at
supplier’s works. However this predespatch inspection shall not absolve the supplier from .
his responsibility to ensure free and proper functioning of the system.

of Bharat Heavy

Electrical Limited.It must not be used directly or indirectly in any way

11.0 DOCUMENTS :

is the propy

11.1 Three copies of descriptive catalogues in English language giving complete technical
information including dimensional details of all hardware and external terminal details for
customers’ interconnection shall be furnished alongwith the offer.

detrimental to the interest of the company

ion on this d

11.2 Three copies of the block schematic dlagram illustrating the principle of operation of the »
system shall be furnished alongwith the offer. '

COPYRIGHT AND CONFIDENTIAL

The i

11.3 Twenty five copies including schematics, wiring diagram, layout drawings etc. plus 3
number CD ROMs of the O & M manual (which shall include detailed construction -/

B 5 operatlon servicing manuals incorporating various electrical schemes indicating the values
g E of various electrical and electronic components) to facilitate proper operation and servicing
E® of the system instruments shall be supplied for each power station. It shall contain original
% E copies of O & M manual of bought out items and not Xerox copies.
ﬁ TE Also the manual shall clearly indicate the action to be taken on the generator in the event of
E E £ abnormal level of Partial discharge observed during the course of on-line monitoring.
& .
% E E 12.0 PACKING / DESPATCH :
EE 12.1 The equipment / accessories shall be packed in a suitable water proof / vibration proof
sk packing boxes capable of bearing transit hazards. Various packing boxes shall be properly
| 4 . identified and marked giving details of dimensions, net / gross weight.
EE 12.2 The system shall have proper casing / covers for its instruments / assemblies for safe
. handling / storage.
E =
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§; Y 13.0 SPARE PARTS:
g2l
§E 13.1 Recommended spare parts for 3 year trouble free operation of the system shall be offered
s
= (minimum 2 nos.) as mandatory spares along with the main equipment. BHEL reserves the
B 1 . right to order the spare parts either along with the main equipment or separately, in which
@E case validity of the offer for spare parts shall be extended by 6 months from the date of
E placement of order for main equipment. The offer for spares shall indicate breakup of prices
& for each component separately. '

13.2 Also supplier shall guarantee for support and long term availability of spares to the owner -

L
52 for the full life of equipment covered under the contract.
.—J m .
= 5 ] 14.0 CROSS REFERRED DOCUMENTS :
égg i) ANSI - C 37.90a ; IEEE — 472 / IEC — 60255 — 4.
| E 55, ii) Dry Heat Test : as per [EC 60068 -2-2
|5 kH iii) Damp Heat Test : as per IEC 60068 -2-3
a é: 1% iv) IEC 60270
| % %ﬁ v) IEC 60034 Part 27
?} % égi’ vi) IEEE 1434
ok}
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s .
ag
EE ! BRIEF TECHNICAL PARAMETERS OF THE MACHINE :
E‘g ( TENTATIVE VALUES )

3 . GENERATOR TYPE : STEAM/GAS/NUCLEAR / TURBINE GENERATOR

£8
gi_ . COOLING SYSTEM : WATER AND HYDROGEN /HYDROGEN/
HH AIR COOLED
8§
T gae
g :gf . POWER OUTPUT R ereees—- MW
-1
Dgss
A . GENERATION VOLTAGE : - kV
e =8
Trig .
FEE . STATOR CURRENT @  -oeeem- Amps.
>EES : \
A ES 3
0%3 . CAPACITANCE OF  : - Micro Farads / Phase
i STATOR WINDING

" E . FREQUENCY : 50 Hz

Eé

E<| 8 STATOR PHASE : YY

E E CONNECTION
21
s TERMINAL MARKING
E EE VIEWED FROM

£% TURBINE END (TE) : U2 V2 W2

B EXCITER END (EE) : U1 V1 Wi
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ANNEXURE - 2

SUPERSEDES

INVENTORY NO.

- BURN IN AND ELEVATED TEMPERATURE TEST (ROUTINE TEST)

All solid state electronic systems equipment shall be tested as a complete system / equipment with
all devices connected for a minimum of 168 hours continuously under energized conditions prior
to shipment from manufacturing works, as per the following cycle. ’

e v @
i ova &

1. Elevated Temperature Test Cycle

During the elevated temperature test which shall be for 48 hours of the total 168 hours of
testing, the ambient temperature shall be maintained at 50°C. The equipment shall be
interconnected with devices which will cause it to repeatedly perform all operations it is
expected to perform in actual service with load on various components being equal to
those which will be experienced in actual service.

detrimental to the interest of the company

During the elevated temperature test the cubicle doors shall be closed (or shall be in the.
position same as they are supposed Yo be in the field) and inside temperature in the zone
of highest heat dissipating components / modules shall be monitored. The temperature
rise inside the cubicle should not exceed 10°C above the ambient temperature at 50°C.

COPYRIGHT AND CONFIDENTIAL
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"

2 Burn in Test Cycle

The 48 hours elevated temperature test shall be followed by 120 hours of burn in test as
above except that the temperature shall be reduced to be ambient temperature prevalent at
that time.

During the above tests, the process I/O and other load on the system shall be simulated by
simulated inputs and in case of control systems, the process which is to be controlled shall
be simulated. Testing of individual components or modules shall not be acceptable.
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4. In case, the supplier is having any alternate established procedure of eliminating infant
mortality procedure that may also be followed with BHEL approval by furnishing data to
validate the alternate procedure.
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