
E-T E N D E R    S P E C I F I C A T I O N   
 

  

S. No. E- TENDER SPECIFICATION NUMBER 
01 BHE/PW/PUR/BWT6-ELE/2465 

 
 FOR   

 
HANDLING AT SITE STORES/STORAGE YARD, TRANSPORTATION TO 
SITE OF WORK, COMPLETE ERECTION, CHECKING OF CALIBRATION, 
TESTING, ASSISTANCE FOR COMMISSIONING AND HANDING OVER OF 
HT/LT POWER TRANSFORMERS, ISOLATED PHASE BUS DUCT FOR 
GENERATOR TRANSFORMER, SEGREGATED PHASE BUS DUCT FOR 
STATION TRANSFORMER /UNIT AUX. TRANSFORMER, ELECTROSTATIC 
PRECIPITATOR, GENERATOR CONTROL & PROTECTION PANELS, 
11KV/3.3KV/0.415KV SWITCHGEAR BOARDS /MCC, SOOT BLOWER 
SYSTEM, EXCITATION SYSTEM, 220 VOLT BATTERY SYSTEM AND 
ELECTRICAL HOIST AND ASSOCIATED EQUIPMENT’S & ASSOCIATED 
AUXILIARIES FOR BHUSAWAL TPS, UNIT-6, 1x660 MW, MAHAGENCO 
PROJECT. 

 
VOLUME I E– Technical Specifications (Part-1 of 2) 
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BHARAT HEAVY ELECTRICALS LIMITED, JHANSI 

T

RANSFORMER ENGINEERING 

                           
  BHUSAWAL T.P.S UNIT-6: 1 X 660 MW 

 
 
Doc No.: TRE/72064N/TDS  REV:            

DATA SHEET FOR 95 KVp / 1000 mA HVR TRANSFORMER FOR ESP 

Sl. No. Description Unit Data 
 

Page 1 of 6 

DEVELOPMENT CONSULTANTS PVT. LTD. 
CONSULTING ENGINEERS. VASHI, NAVI MUMBAI 

MAHARASHTRA STATE POWER 
GENERATION CO. LTD. 

1 Rated Power KVA 100 
    
2 Transformer No-Load Voltage Ratio  373.5 / 74030 

    
3 Input Voltage Vrms 415 ± 10 % 
    
4 Input Current Arms 267.7 
    
5 Output Voltage (Negative Polarity) KVp 95 
    
6 Output Current mA (mean) 1000 
    
7 Frequency Hz 50 
    
8 Design ambient temperature  50 °C 
    
9 No. of Phases  1 
    
10 Cooling  ONAN 
    
11 Rectifier type  Silicon Diode Bridge Rectifier 

    
12 High voltage terminal  Single, from side 
    
13 Losses   
 a) No-Load losses  

(at rated No-load volts and frequency) 

Watt 450 W + IS TOL. 

 b) Load losses  

(At rated output current) 

Watt 4000 W + IS TOL. 

        
14 Temperature Rise above an ambient of 50° C   
    
 a) Oil temperature rise °C 50° C 
 b) Winding temperature rise °C 55° C 
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15 Oil type  Silicon Oil 
    
16 Volume of oil (Approx.) Litres 640 
    
17 Approximate overall dimensions   
 a) Length mm 1890 
 b) Width mm 1590 
 c) Height mm 1980 

    
18 Approximate total weight (with oil) Kg 1950 
      
19 HV Bushing (-ve)  52 KV Porcelein Bushing 
    
20 HV Bushing (+ve)  Epoxy moulded terminal 
    
21 LV bushing  1.1 KV Porcelein bushing 
    
22 AC Reactor  1.15 mH 
    
23 RF choke  50 mH 
    
24 Shunt Resistor  2 ohms wire-wound resistor 
    
25 HV Rectifier  95 KVp/ 1400 mA Full wave Bridge 

    
26 Manufacturer’s Name  BHEL, Jhansi 

    
27 Quantity  108 nos. 

 28 Relative Humidity % 95 
    

    29 Reference Standard  Generally to IS: 2026 
(wherever applicable) 

  30 Type of Construction (Core / Shell)  Core 
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   31 Thermal time constant Hours 9 (Approx.) 
    
   32 Magnetizing inrush current Amp 28 (Approx.) 
    
   33 No Load current at rated frequency 

and at 
  

 i. 90 % voltage Amp 3.5 (Approx.) 
    
 ii. 100 % voltage (at 373.5 V) Amp 5.0 (Approx.) 
    
 iii. 110 % voltage Amp 7.0 (Approx.) 
    
   34 Power factor at no load  0.45 (Approx.) 
    
   35 Weights of transformer   
 a. Core kG 250 (Approx.) 
 b. Windings   
      i. HV kG 185 (Approx.) 
      ii. LV kG 
 c. Insulation kG 65 (Approx.) 
 d. Tank and fittings kG 500 (Approx.) 
 e. Total Weight kG 1950 (Approx.) 
    
    36 Dimensions   
 a. Tank (l x b x h) mm 924 x 773 x 1005 (Approx.) 
 b. Overall (l x b x h) mm 1890 x 1590 x 1980 (Approx.) 
    
    37 Shipping Details   
    
 a. Weight of heaviest package kG 1950 (Approx.) 
 b. Total shipping weight kG 2000 (Approx.) 
 c. No. of packages   
 d. Dimensions of largest package mm 2100 x 1800 x 2200(Approx.) 
 e. Parts detached for transport  Rollers 
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    38 Core   
 a. Material Detail  Cold Rolled Grain Oriented Silicone 
 b. Form of core  Circular, Core Type 
 c. Net core Area Sq.mm. 13140 (Approx.) 

 d. Type of joint between core & yoke  Interleaved 
 e. Thickness of stampings mm 0.28 (Approx.) 
 f. Percentage silicon content  3.15 (Approx.) 
 g. Maximum flux density in core  

at rated frequency and at 
  

         i. 90 % voltage Wb / sq. m 1.35 (Approx.) 
         ii. 100 % voltage Wb / sq. m 1.50 (Approx.) 
         iii. 110 % voltage Wb / sq. m 1.65 (Approx.) 
 h. Type of core binding  By Surgical Tape 
    
    39 Winding   
 a. Type of winding   LV-Spiral / HV-Distributed Run over 
 b. Current density at rated load   
 i. HV Amp/sq. 2.00 (Approx.) 
 ii. LV Amp/sq. 1.7 (Approx.) 
 c. Conductor Area   
 i. HV Sq. mm 0.78 (Approx.) 
 ii. LV Sq. mm 163 (Approx.) 
 d. Maximum current density under   
     short circuit   
 i. HV Amp/sq. 5.8 (Approx.) 
 ii. LV Amp/sq. 5.5 (Approx.) 
    
  Clearances   
 a. Minimum clearance between mm Not Applicable 
     phases (in air)   
 b. Minimum clearance of HV winding mm 85 mm (approx.) 
     to tank in oil   
 c. Minimum clearance of HV winding mm 85 mm (approx.) 
     to earth in oil   
 d. Clearance between coils mm 59 (approx.) 
 e. Clearance between core and coil mm 8 mm (approx.) 
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 41     Tank details  Structural steel – 

   Welded Type Construction 
 a. Approximate thickness of    
     i. Sides mm 3.0 (Approx.) 
     ii. Bottom mm 6.0 (Approx.) 
     iii. Cover mm 6.0 (Approx.) 
    

 42     Efficiency at 75 °C and unity   
 power factor at    
 a)   At Full Load % 95.7 (approx.) 
 b)   At 3/4 Full Load % 96.6 (approx.) 
 c)   At 1/2 Full Load % 97.3 (approx.) 
    
    43 Flash Point of transformer oil °C above 300 
    
    44     Oil level gauge  Prismatic toughened gauge glass 
    
    45 Class of insulation (HV and LV)  Class - A 
    

 46    Noise level dB 68 dB (approx.) 
   (Refer Cl. No.-0.05 of NEMA TR-1 and 

note that High voltage rectifier 

transformers are not covered by the 
    
    47 Paint Shade Seimens Grey RAL-7032 
    
    48 Dielectric strength of oil  30 kVmin 
    
    49 Conducting materials of windings (HV and LV)  Copper 
    
    50 Range of Oil temp. indicator (Oil and Winding) °C 0  to 150 (for oil) 
    
    51 HV Rectifier 

 

 95 KVp/ 1400 mA Silicone diode 
Single Phase Full wave Bridge rectifier 
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    52     RF choke 50 mH Air Core Choke 
    
    53  AC Reactor 1.15 mH Iron Core Reactor 
    
    54       HV Resistor Board                                                                                                 78 Mega Ohm HV Resistor Column
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OWNER'S CONSULTANT :      DEVELOPMENT CONSULTANTS PVT. LTD.  
                                             CONSULTING ENGINEERS VASHI, NAVI MUMBAI

                               NAME OF MANUFACTURER    :     BHEL BHOPAL 
                            REFERENCE STANDARD  :     IS 2026
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13.5% ± 5% TOL.    

OWNER'S CONSULTANT :      DEVELOPMENT CONSULTANTS PVT. LTD.  
                                             CONSULTING ENGINEERS VASHI, NAVI MUMBAI

2800 pF Approx. 

10000 pF Approx. 

3200 pF Approx. 
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2 sec2 sec

2 sec

(4 running + 1s/by) per bank, 0.77kW each

1 for each bank

1 for each bank
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Refer oil flow diagram

275MVA, 100%

275MVA, 100%

275MVA, 100%

275MVA, 100%

1
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Shall be furnished alongwith InstructionManual

BELL TYPE TANK

10

20

High Grade CRGO SS

Disc Type

17000 sq cm approx.
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Kraft paper + Oil

Kraft paper + Oil

As per approved vendor

manual/local

NA for OCTC

170000

170

2000
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63300 approx. without 10% excess

Yes

65910

N.A.

N.A.
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With breather

As per MSPGCL approved vendor

polluted

695

1550

1.20.12: SC rating of bushing 50/100/78.75 kA (HV/LV/HVN)for 2 sec
1.20.13 : Height of bushing : As per bushing GA drawing(mm)

1.20.14 : Current rating of bushing 2000/20000/3150 A

Hermetically sealed type

925 appx  254 appx       51 appx
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4 mm2 for CT lead

0.5 A approx. 
5.0 A approx.

AC/DC

0.5 A approx.

0.5 A approx.

Yes
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5070 ltrs approx. 

13000 approx

8000 approx. 

10000 approx. 

4435 ltrs approx. 

49kN/m2

7535

9790

12500
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175000 approx. 

63300 approx. 

57340 approx. 

295640 approx. 

203000 approx. 

6200 x 4700 x 4800 approx. 

Tank, fittings & accessories
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All bushing CT s as per R&D plate drawing no. 34690002086
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DEVELOPMENT CONSULTANTS PVT. LTD. 

CONSULTING ENGINEERS. VASHI, NAVI MUMBAI 

1. Name of Manufacturer  BHEL, Jhansi 

        

2. Type  Cast Resin Dry Type Transformer 

        

3. Quantity / Application Nos. 6 /  

Station / FGD / Boiler 

Service 

18 /  

Turbine /ESP / DM Plant / 

Filtered Water P/H 

Service 

4 /  

Fire Water P/H / FGD 

Common Service 

4 /  

Service Building / Lighting 

Service 

3 /  

Fuel Oil Unloading P/H / 

Welding Service 

        

4. Installation  Indoor 

        

5. Reference Standards  IS: 11171-1985 

        

6. No. of Phases Nos. 3 3 3 3 3 

        

7. Frequency Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 

        

8. Rated Power  KVA 2500 2000 1600 1000 630 
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9. Rated Voltage       

  a)   HV KV 11 11 11 11 11 

  b)   LV KV 0.433 0.433 0.433 0.433 0.433 

        

10. No Load Voltage Ratio -

(HV/LV) 

KV 11/0.433 11/0.433 11/0.433 11/0.433 11/0.433 

        

11. Rated Current       

 a)   HV Amp 131.21 104.97 83.98 52.49 33.07 

 b)   LV Amp 3333.43 2666.74 2133.40 1333.37 840.02 

        

12. Tapings %      

 a)  Type  Off circuit bolted links type of tap changer 

 b)  Capacity  Full 

 c) Range  + 5.0 % to  - 5.0 % in Steps of 2.5 % on HV side 

 d) Tap provided on HV  

      winding 

 Yes, on HV winding 

        

13. High Voltage Connection  Delta Delta Delta Delta Delta 
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14. Low Voltage Connection  Star Star Star Star Star 

        

15. Vector Group  Dyn11 Dyn11 Dyn11 Dyn11 Dyn11 

        

16. Type of Cooling  AN AN AN AN AN 

        

17. Temperature       

 a) Ambient temperature °C 50 50 50 50 50 

 b) Average temperature 

rise in winding by 

resistance method over 

ambient temperature 

°C 90 90 90 90 90 

 b) Temperature Rise on 

enclosure (accessible 

portion) by thermometer 

over ambient temperature 

°C 30 30 30 30 30 
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18. Winding temperature 

measuring devices 

      

 a) Type  RTD (PT-100) with digital temperature scanner 

 b) No. per phase  2 No’s Simplex PT-100 per phase 

        

19. Impedance at rated 

current, rated frequency, 

normal tap (Tap-3) at 75 °C 

      

 a) Impedance % 10 % ± IS Tol. 10 % ± IS Tol. 8 % ± IS Tol. 6 % ± IS Tol. 6 % ± IS Tol. 

 b) Reactance % 9.95 % (Approx.) 9.96 % (Approx.) 7.94 % (Approx.) 5.92 % (Approx.) 5.90 % (Approx.) 

 c) Resistance % 0.96 % (Approx.) 0.90 % (Approx.) 0.94 % (Approx.) 0.95 % (Approx.) 1.11 % (Approx.) 

 d) Zero Sequence 

Impedance 

% 10 % (Approx.) 10 % (Approx.) 8 % (Approx.) 6 % (Approx.) 6 % (Approx.) 

 e) X/R Ratio  10.37 (Approx.) 11.07 (Approx.) 8.47 (Approx.) 6.24 (Approx.) 5.31 (Approx.) 

        

20. No-Load Losses at rated 

Frequency and 100% rated 

voltage 

KW 4.2 KW + IS Tol. 3.6 KW + IS Tol. 3.0 KW + IS Tol. 2.4 KW + IS Tol. 1.75 KW + IS Tol. 
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21. Load Losses at Normal 

rated current and at 75 °C 

KW 24.0  KW + IS Tol. 18.0 KW + IS Tol. 15.0 KW + IS Tol. 9.5 KW + IS Tol. 7.0 KW + IS Tol. 

        

22. Total Losses KW 28.2 KW + IS Tol. 21.6 KW + IS Tol. 18.0 KW + IS Tol. 11.9 KW + IS Tol. 8.75 + IS Tol. 

        

23. Efficiency at 75 °C and at 

unity power factor 

(Approx.) 

      

 a)100 % of Full Load % 98.88% (Approx.) 98.93% (Approx.) 98.89 % (Approx.) 98.82 % (Approx.) 98.63 % (Approx.) 

 b)75 % of Full Load % 99.06% (Approx.) 99.09 % (Approx.) 99.06 % (Approx.) 98.98 % (Approx.) 98.81 % (Approx.) 

 c)50 % of Full Load % 99.19% (Approx.) 99.20 % (Approx.) 99.16 % (Approx.) 99.05 % (Approx.) 98.90 % (Approx.) 

 d)25 % of Full Load % 99.10% (Approx.) 99.06 % (Approx.) 99.03 % (Approx.) 98.82 % (Approx.) 98.63 % (Approx.) 

        

24. Efficiency at 75 °C and 

0.8 p.f. lagging  

      

 a)100 % of Full Load % 98.61 % (Approx.) 98.67 % (Approx.) 98.61 % (Approx.) 98.53 % (Approx.) 98.29 % (Approx.) 

 b)75 % of Full Load % 98.83 % (Approx.) 98.87 % (Approx.) 98.82 % (Approx.) 98.73 % (Approx.) 98.52 % (Approx.) 

 c)50 % of Full Load % 98.99 % (Approx.) 99.20 % (Approx.) 98.96 % (Approx.) 98.82 % (Approx.) 98.63 % (Approx.) 

 d)25 % of Full Load % 98.87 % (Approx.) 99.06 % (Approx.) 98.78 % (Approx.) 98.53 % (Approx.) 98.29 % (Approx.) 
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25. Voltage Regulation at full 

load at 75 °C for     

      

 a)   Unity Power factor % 1.46 % (Approx.) 1.40 % (Approx.) 1.25 % (Approx.) 1.13 % (Approx.) 1.28 % (Approx.) 

 b)   0.8 power factor (lag) % 7.01 % (Approx.) 6.97 % (Approx.) 5.68 % (Approx.) 4.40 % (Approx.) 4.51 % (Approx.) 

        

26. a) Maximum efficiency % 99.20 % (Approx.) 99.20 % (Approx.) 99.17 % (Approx.) 99.05 % (Approx.) 98.90 % (Approx.) 

 b) Load at which max.

 efficiency occurs 

% 41.83 % (Approx.) 

 at UPF 

44.72 % (Approx.) 

 at UPF 

44.72 % (Approx.)  

at UPF 

50.26 % (Approx.) 

at UPF 

50.00 % (Approx.) 

at UPF 

        

27. Flux Density Tesla      

 a) At 90% rated voltage :  1.57 (Approx.) 

 b) At 100% rated voltage :  1.73 (Approx.) 

 c) At 110% rated voltage :  1.90 (Approx.) 

        

27.b Over Voltage withstand 

time for % over voltage of 

      

 a) 125 %   Continuous 

 b) 125 %   60 

 c) 140 %   5 
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 d) 150 %  1 

        

28. Current Density A/cm2      

 a) H.V. winding :  280 (Approx.) 

 b) L.V. winding :   280 (Approx.) 

        

29. No-Load current referred 

to HV as percentage of 

rated full load current  

%      

 a) At 90% rated voltage  1.0 % (Approx.) 1.0 % (Approx.) 1.0 % (Approx.) 1.5 % (Approx.) 1.75 % (Approx.) 

 b) At 100% rated voltage  1.5 % (Approx.) 1.5 % (Approx.) 1.5 % (Approx.) 2.0 % (Approx.) 2.5 %  (Approx.) 

 c) At 110% rated voltage  2.5 % (Approx.) 2.5 % (Approx.) 2.5 % (Approx.) 4.0 % (Approx.) 5.0 % (Approx.) 

        

30. Impulse Voltage withstand 

level 

      

 a)   HV Winding KVp 75 

 b)   LV Winding KVp - 
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31. Power Frequency Voltage 

withstand level for one 

minute 

      

 a)   HV Winding KVrms 28 

 b)   LV Winding KVrms 3 

        

32. Withstand Time Without 

Injury for Single/Three 

phase dead short-circuit 

at terminal with rated 

voltage maintained on 

the other side: 

(Sec.) 2 sec (Thermal) 

        

33. Insulation Class  ‘H'  with Winding temperature rise limited to “F” 

        

34. Core       

 a) Type  Core Type 

 b) Material & Grade  CRGO Si Steel & M4/Equivalent 

 c) Thickness of lamination  0.27 mm (Approx.) 
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 d) Insulation of lamination  Carlite 

        

35.  Type of Coil       

 i) HV  Disc/spiral 

 ii) LV   Layer/helical 

        

36. Insulating Material       

 a) HV – Turn  Epoxy Resin / Enamel / Fibre Glass 

 b) LV – Turn  Epoxy Resin / Fibre Glass 

 c) LV – Earth  Epoxy Resin / Fibre Glass / Air 

 d) HV – LV  Enamel / Epoxy Resin / Fibre Glass / Air 

 e) HV Earth  Enamel / Epoxy Resin / Fibre Glass / Air 

    

37. Method of Casting  Vacuum Cast, Epoxy Resin Encapsulated coils. 

        

38. Separate encapsulation for 

HV and LV windings 

provided? 

 Yes 
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39. HV Terminal Arrangement  Through Cable Box 

        

40. a)LV Terminal Arrangement  Through Non-Segregated Phase Bus Duct 

 b)LV Neutral Arrangement  50X5 mm Copper Flat shall be provided & the same shall be connected to 75X10 mm GS Flat 

        

41. Total Approximate weight  Kg 8000 (Approx.) 7000 (Approx.) 6600 (Approx.) 4600 (Approx.) 3600 (Approx.) 

        

42. Approximate Overall 

Dimensions with Enclosure 

      

 Length X Breadth X Height mm As per OGA 

        

43. Enclosure        

 a) Material  HRC Sheet Steel 

 b) Thickness  2mm Thick 

 c) Protection Class  IP-33 

 d) Padlocking arrangement  Yes 

        

44. Wheels  Plain, Bi-directional Rollers 
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45. Materials       

 a) Core material & Grade  CRGO Si Steel & M4/Equivalent 

 b) Windings  Electrolytic Grade Copper 

 c) Enclosure  2mm Thick HRC Sheet Steel 

 d) Insulation  Fiber Glass / Epoxy Resin 

 e) Makes of all materials  As per MSPGCL approved Vendor list / As per BHEL vendor list as approved by MSPGCL 

    

46. Paint  Epoxy paint, Shade RAL 7032 with average paint thickness 100 microns 

        

47. Bushings       

 a) Make  As per MSPGCL approved Vendor list / As per BHEL vendor list as approved by MSPGCL 

 b) Type  Epoxy Resin molded 

 c) Reference Standard  IS 2099 

 d) Voltage class KV  HV-12 KV; LV and LV neutral: Not Applicable (Terminated through Bus Bars) 

 e) Creepage distance mm HV: 325mm / 27.08 mm/KV ; LV: Not Applicable 

 f) Weight Kg 10 kg (Approx.) 

 g) Free space required for 

bushing removal 

 500 mm (Approx.) 
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48. Clearances       

 a) Between phases       

 HV / LV mm 130 / 26 mm 

 b) Between phase & earth       

 HV / LV mm 110 / 26 mm 

        

49. Marshalling Box       

 a) Weatherproof  Yes 

 b) Degree Of Protection  IP:55 

 c) Provided with removable 

gland Plate 

 Yes 

        

50. Terminal Blocks       

 a) Make  As per MSPGCL approved Vendor list / As per BHEL vendor list as approved by MSPGCL 

 b) Type  Pin Type 

 c) 20% Spare terminals  Yes 
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51. Wiring       

 a) Cable type  Power Supply and CT wiring – PVC Cable; PT-100 and control wiring – PTFE Wire 

 b) Voltage grade V 650 V 

 c) Conductor size Sq. Power Supply and CT wiring – 2.5 sq.mm PVC; PT-100 and control wiring – 19//0.005” dia PTFE wire 

        

52. Trip & Alarm Contacts 

rating 

      

 a) Voltage  240 V AC / 220 V DC 

 b) Rated/Making Current  5 A at 240 V AC / 0.5 A at 220 V DC 

        

53. Neutral CT details       

 a) Quantity per transformer Nos. 2 

 

2 

 

2 2 2 

 b) CT -1  For LV-51 NS For LV-51 NS For LV-51 NS For LV-51 NS For LV-51 NS 
 i) No. of Cores No. 1 1 1 1 1 

 ii) Ratio   4000 / 1 A 3200 / 1 A 2500 / 1 A 1600 / 1 A 1000 / 1 A 

 iii) Class            5P20 5P20 5P20 5P20 5P20 

 iv) Burden VA 15 15 15 15 15 

 c) CT -2  For LV-64 REF For LV-64 REF For LV-64 REF For LV-64 REF For LV-64 REF 
 i) No. of Cores No. 1 1 1 1 1 
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 ii) Ratio   4000 / 1 A 3200 / 1 A 2500 / 1 A 1600 / 1 A 1000 / 1 A 

 iii) Class            PS PS PS PS PS 

 iv) Knee Point Voltage(Vk) V ≥ 500 ≥ 500 ≥ 500 ≥ 500 ≥ 500 
 v) Magnetizing Current(Ie) 

at Vk/2 

mA ≤ 30 ≤ 30 ≤ 30 ≤ 30 ≤ 30 
 vi) Rct Ω ≤ 20 ≤ 16 ≤ 12.5 ≤ 8 ≤ 5 

Notes: Reference SLD document no.: PE-DG-415-565-E001 



230 thick wall to be provided
(typical comment for all floors).

230 thick wall to be 
provided with door.

Give level



Show lift machine room plan in 
roof plan at EL16.8M, and not 
separately, as the room is seen 
clearly to be encroaching into 
the staircae landing. Plan entry 
to machine room from the roof 
and not from the stair landing.
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