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     -

-
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461700AT 403 MVAHV-XV CORE & COIL ASSEMBLY
APPROXIMATE WEIGHT (lbs)IMPEDANCE AT RATED VOLTAGE & 85 °C

517750
197750

889810
591400

TOTAL. FULLY ASSEMBLED

UNTANKING

INSULATION LIQUID
TANK & FITTINGS

SHIPPING (WITHOUT OIL)

(30674 gal) 230360

YNa0d1VECTOR GROUP

TL - 2363
TEMP RISE (OIL/WINDING)
COOLING METHOD

TYPE NO. :
RATED FREQUENCY 60 Hz 65/65°C

ONAN/ONAF/ONAF

AUTOTRANSFORMER

72.3/--/76.0 dBSOUND LEVEL (ONAN/ONAF/ONAF)

CTM MAX 1983SP.O NUMBER OF AE 

7.952 %

1. CONTAINS NO DETECTABLE LEVEL OF PCB (LESS THAN 1 ppm) AT THE TIME OF MANUFACTURE
2. TANK & CONSERVATOR & REDIATOR TO WITHSTAND FULL VACUUM AND 14.7 psi POSITIVE PRESSURE
3. PRESSURE RELIEF DEVICE OPERATES AT 10 psi
4. READ INSTRUCTION BOOK BEFORE INSTALLING OR OPERATING TRANSFORMER
5. TRANSFORMER IS SUITABLE FOR STEP-UP & DOWN OPERATION

WINDING
HV
LV
TV

RATED LOAD
403/535/672 MVA
403/535/672 MVA

84.6/112.8/141 MVA

RATED VOLTAGE
345Y/199.2 kV
138Y/79.7 kV

13.2 kV

674/895/1125 A
RATED CURRENT

1686/2238/2811 A
3700/4934/6167 A

BIL(LINE/NEU)
1050/150 kV
650/150 kV

150 kV

SIL
870 kV
- kV
- kV

3 (THREE)NUMBER OF PHASES

CELLULOSE WEIGHT 27612

ASTM D3487TYPE OF INSULATION OIL 

2013.FEBYEAR AND MONTH OF MANUFACTURE

20120871TKE001MANUFACTURER SERIAL NO.
INSTRUCTION MANUAL M1302028-20120871TKE001

3. NATURAL FACE, DARK LETTER AND LINE

5. THE BLANK SPACES WILL BE ENGRAVED

2. THICKNESS : 1.0 mm [0.039 in]

4. STANDARD : IEEEI C57.12.00

1. MATERIAL : STAINLESS STEEL
* NOTE

  AFTER FACTORY TESTING
6. THE MAXIMUM COMMON WINDING CURRENT IS 2067A.
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HYUNDAI 
HEAVY INDUSTRIES CO •• LTD. 

ELECTRO ELECTRIC SYSTEMS 

Address : 1000, Bangeojinsunhwan-doro, Dong-gu, Ulsan, Korea. Tel : (052) 202-8295 

CERTIFICATE OF CONFORMANCE 

Rei. No PAC-TR-13062 Issued Date Mar. 04, 201 3 

Customer AUSTIN ENERGY 

Project Name DUNLAP SUBSTATION 

Contract No. 

ltem(s} . , 

.--··· 

....... .... ..... .. ···~~···· ..... ..... .. 
This is to certify that this equipment has been duly inspected and tested prior to shipment 

in accordance with custom~r"s requirements . 
.'f' ,, " ' • ·-. "'\ .. /; ~- -:·- :. -- ":,~"."~·.:,,.. ';.i··· fo. . .. ;.. ' • ..... .'»,·~ 

Its mechanical, electrical and operational perfonnances were found to be conforming to or . 
better than the purchaSe order specification. ·~ ~} < : ' !,,: · · • - · · · " 

' ,I 1. _,; > ~ ' • 

A copy of this test certificate is on fi le at Electro Electric Systems (Division) and available : -

for review any time. 

Certified By 

~- Park I General Manager 

Transformer Laboratory 

Product Assurance Dep't 
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A.HYUNDAI 
HEAVY INDUS1lllES CO.,LTD. 

Final Test Summary List Serial No. 
2iJ1 ~a8"!'"ll'KE !U!'i 

003 

Description Unit Guarantee Tolerance Measured 
Value Value/Result 

1. Construction & dimension Approved Spec. & dwg. Satisfied 

2. Winding resistance at 85 °C 

a) HV winding (rated tap No. 3) 

- H1 - X1 Q - - 0.1425584 

- H2 - X2 Q - . 0.1424131 

- H3 -X3 Q - - 0.1423830 

b) LV winding (rated tap No. 1 L) 

- X1 - HOXO Q - - 0.0409581 

-X2 - HOXO Q - . 0.0409284 

- X3 - HOXO Q - - 0.0405684 

c) TV winding 

- Y1 - Y2 Q - - 0.0036406 

- Y2 - Y3 Q . - 0.0036500 

- Y3 - Y1 Q . - 0.0036786 

3. Turns ratio 

a) HV- LV winding % ± 0.5 - -0.19-0.24 

b) HV - TV winding % ± 0.5 - 0.24-0.33 

c) LV - TV winding % ± 0.5 . 0.00-0.47 

4. Polarity & phase relationship . YNaOd1 - YNaOd1 

5. Insulation resistance at 22QC (1.0min.) 

a) HV,LV winding to earth MQ ~ 800 - 6510 

b) TV winding to earth MQ ~ 800 . 30700 

c) HV,LV winding to TV winding MQ ~ 800 - 8950 

d) Main core to earth (1000V megger) MQ - - 2000 

e) Serial T/R core to earth (1000V megger) MQ - - 2000 

6. Insulation power factor at 20 QC 

a) HV,LV - earth (CH) % 0.5 - 0.321 

b) TV - earth (CT) % 0.5 - 0.244 

c) HV,LV - TV (CHT) % 0.5 - 0.145 

7. No-load losses, at Tap position 3 / 16R (Before I after impulse test) 

a) 100% rated voltage(20 QC) kW 110.0 - 104. 709/105.536 

b) 110% rated voltage(20 QC) kW - - 131.550/132.647 

8. Exciting current at ONAN rating 403MVA base (Before I after impulse test) 

a) 100% rated voltage(20"C) % - - 0.035/0.035 

b) 110% rated voltage(20 ·c) % - - 0.038/0.038 

Date of Test 2013. 02. 26 Tested by C. W. Park 



A .HYUNDAI 
HEAVY INDUSTitlES CO.LTD. 

Final Test Summary List 

Description Unit 
Guarantee 

Value 

9. Sound level (Tap position 5/16L) 

a) Without cooling system{403MVA base) dB 77.0 

b) With cooling system(672MVA base) dB 80.0 

10. Percent impedance at 85 °C 

a) HV - LV side at ONAN rating 403MVA base 

- at Max. tap position (DETC-1 IL TC-16R) % -
- at Rated tap position {DETC-3 I L TC-1 L) % 8.0 

- at Min. tap position {DETC-5 IL TC-16L) % -

b) HV -TV side at ONAN rating 84.6MVA base 

- at Max. tap position (DETC-1 I LTC-1L) % -
- at Rated tap position {DETC-3 I L TC-1 L) % . 
- at Min. tap position {DETC-5 IL TC-1 L) % -

c) LV -TV side at 84.6MVA base 

- at Rated tap position (DETC-3 I L TC-1 L) % . 
11. Zero sequence impedance, at rated tap position (DETC-3 I L TC-1 L) 

a) HV - LV side at 403MVA base % -
b) HV - TV side at 84.6MVA base % -

c) LV - TV side at 84.6MVA base % -

12. Load losses at 85 ·c 
a) HV - LV side at ONAN rating 403MVA base 

- at Max. tap position (DETC-1 I LTC-16R) kW -

- at Rated tap position (DETC-3 I L TC-1 L) kW 460.0 

- at Min. tap position {DETC-5 IL TC-16L) kW -

b) HV - TV side at ONAN rating 84.6MVA base 

- at Max. tap position {DETC-1 I L TC-1 L) kW -

- at Rated tap position (DETC-3 I L TC-1 L) kW -

- at Min. tap position (DETC-5 I L TC-1 L) kW -
c) LV - TV side at ONAN rating 84.6MVA base 

- at Rated tap position {DETC-3 / L TC-1 L) kW -

13. Auxiliary losses {Cooling fan) 

a) Total (32) fans kW 13.0 

Serial No. 
20120871TKE001 

Measured 

004 

Tolerance 
Value/Result 

- 72.3 

- 76.0 

- 8.942 

± 10% 7.952 

- 7.523 

- 12.020 

- 11.763 

- 11 .711 

- 9.623 

- 7.953 

- 9.098 

- 11.097 

- 434.009 

- 434.751 

- 525.142 

- 119.816 

- 120.333 

- 121.916 

- 118.494 

- 7.480 

Date of Test 2013. 02. 26 j Tested by C. W. Park 



~HYUNDAI 
HEAVY INDUSTRIES CO.LTD. 

Final Test Summary List 

Guarantee 

Serial No. 
20120871TKE001 

Measured 

005 

Description Unit 
Value 

Tolerance 
Value/Result 

14. Efficiency at ONAN rating 403MVA base, at 85 °C, rated tap position (DETC-3 J L TC-1 L) 

a) at 100% load 1.0 power factor % 99.866 

b) at 75% load 1.0 power factor 

c) at 50% load 1.0 power factor 

d) at 25% load 1.0 power factor 

% 

% 

% 

99.885 

99.894 

99.869 

15. Voltage regulation at ONAN rating 403MVA base, at 85 °C , rated tap position (DETC-3 / L TC-1 L) 

a) at 1.0 power factor % 0.424 

b) at 0.9 power factor % 3.816 

c) at 0.8 power factor % 5.055 

16. Temperature rise, tap position (DETC-1 I LTC-16L) 

a) HV-LV side ONAN rating 403MVA base 

- Top oil temperature K 65.0 48.50 

- Average HV winding temperature (H2-X2) K 65.0 45.28 

- Average LV winding temperature (X2-HOXO) K 65.0 47.07 

- Hotspot HV winding temperature (H2-X2) K 80.0 58.87 

- Hotspot LV winding temperature (X2-HOXO) K 80.0 61.20 

b) HV-LV side ONAF2 rating 672MVA base 

- Top oil temperature K 65.0 55.87 

- Average HV winding temperature (H2-X2) K 65.0 51.87 

- Average LV winding temperature (X2-HOXO) K 65.0 54.21 

- Hotspot HV winding temperature (H2-X2) K 80.0 73.81 

- Hotspot LV winding temperature (X2-HOXO) K 80.0 76.85 

c) HV-TV side ONAF2 rating 5MVA base 

- Average TV winding temperature (Y2-Y3) K 65.0 52.62 

- Hotspot TV winding temperature (Y2-Y3) K 80.0 74.79 

Date of Test 2013. 02. 26 Tested by C. W. Park 



.A.HYUNDAI Technical Data 
HEAVY INDUSTRIES CO~LTD. 

Guarantee 

Serial No. 
20120871 TKE001 

Measured 

006 

Description Unit 
Value 

Tolerance 
Value/Result 

1. Lightning impulse voltage test 

a) HV winding kV 1050.0 - Withstood 

b) LV winding kV 650.0 - Withstood 

c) HV & LV Neutral kV 150.0 - Withstood 

d) TV winding kV 150.0 - Withstood 

2. Switching impulse voltage test 

a) HV winding kV 870.0 - Withstood 

3. Applied voltage withstand test 

a) HV,LV & neutral to TV.earth kV 50.0 - Withstood 

b) TV to HV,LV & neutral,earth kV 50.0 - Withstood 

4. Induced overvoltage withstand test between HV phase to ground voltage (Tap No.1 / 16R) 

a) Enhancement level-U1(7200cycles) kV 365/150 Withstood 

b) 60 minutes level - U2 

c) R.l.V (HV I LV) - U2 (60min.max.value) 

c) P.D (HV I LV) - U2 (60min.max.value) 

5. Over execitation test (110% rated voltage) 

6. Oil leakage test 

7. Control panel test (with BCT) 

a) operation test 

b) Auxiliary device check 

c) B.C.T check 

d) AVR check 

8. Dissolved Gas-in-oil analysis 

Date of Test 2013. 02. 26 

kV 315/132 

j}I 50.0 

pC 300.0 

24hours 

0.35kg/cm2
, 14hours 

Tested by C. W. Park 

Withstood 

75.0/82.0 

39.0/29.0 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 



A.HYUNDAI Turns Ratio Measurement Serial No. 
20120871 TKE001 HEAVY IMOUSTRlES CO..LTD. 

Tap Voltage Measurement Value 

HV LV 
Rated 

H1 -HOXO I X1-HOXO H2-HOXO I X2-HOXO H3-HOXO I X3-HOXO 
Ratio 

No. I Voltage No. I Voltage Ratio I %Error Ratio I %Error Ratio I %Error 

362250 1L 138070 2.6237 2.6285 0.18 2.6285 0.18 2.6288 0.20 

2 353625 1L 138121 2.5603 2.5663 0.24 2.5646 0.17 2.5660 0.22 

3 345000 1L 138175 2.4968 2.5013 0.18 2.5003 0.14 2.5010 0.17 

4 336375 1L 138232 2.4334 2.4371 0.15 2.4365 0 .13 2.4372 0 .16 

5 327750 1L 138292 2.3700 2.3725 0.11 2.3730 0 .13 2 .3730 0.13 

Date of Test 2013. 02. 21 !Tested by C. S. Ha 
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A HYUNDAI 
HEAVY INDUSTRIES CQ,,1.11>. 

Turns Ratio Measurement Serial No. 
20120871 TKE001 

Tap Voltage Measurement Value 

HV LV 
Rated H1-HOXO I X1-HOXO H2-HOXO I X2-HOXO H3-HOXO I X3-HOXO 
Ratio 

No. I Voltage No. I Voltage Ratio I %Error Ratio I %Error Ratio I %Error 

3 345000 16R 152062 2.2688 2 .2691 0.01 2.2685 -0.01 2 .2697 0.04 

3 345000 15R 151297 2.2803 2 .2837 0.15 2.2836 0.15 2 .2836 0 .15 

3 345000 14R 150252 2.2961 2 .2921 -0.18 2.2917 -0.19 2.2921 -0.18 

3 345000 13R 149748 2.3039 2.3077 0.17 2.3072 0.14 2.3077 0 .1 7 

3 345000 12R 148965 2.3160 2.3156 -0.02 2.3150 -0 .04 2.3143 -0.07 

3 345000 11R 148175 2.3283 2.3327 0.19 2.3316 

3 345000 10R 147379 2.3409 2.3407 -0.01 2.3417 

3 345000 9R 146576 2.3537 2.3570 0.14 2.3556 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

345000 8R 145767 

345000 7R 144951 

345000 6R 144128 

345000 5R 143299 

345000 4R 142463 

345000 3R 141619 

345000 2R 140769 

345000 1 R 139912 

345000 N 139047 

345000 1 L 138175 

345000 2L 137296 

345000 3L 136409 

345000 4L 135515 

345000 · SL 134612 

345000 6L 133702 

2.3668 

2.3801 

2.3937 

2.4076 

2.4217 

2.4361 

2.4508 

2.4658 

2.4812 

2.4968 

2.5128 

2.5292 

2.5458 

2.5629 

2.5804 

345000 7L 

345000 8L 

132785 2.5982 

131859 2.6164 

345000 9L 130925 

345000 10L 129982 

345000 11L 129032 

345000 12L 128073 

345000 13L 127105 

345000 14L 126129 

345000 15L 125144 

345000 16L 124150 

2.6351 

2.6542 

2.6738 

2.6938 

2.7143 

2.7353 

2.7568 

2.7789 

2.3681 

2.3830 

2.3935 

2.4117 

2.4223 

2.4403 

2.4507 

2.4706 

2.4821 

2.5016 

2.5128 

2.5333 

2.5478 

2.5672 

2.5816 

2.6027 

2.6178 

2.6407 

2.6541 

2.6777 

2.6947 

2.7196 

2.7366 

2.7618 

2.7802 

0.06 

0.12 

-0.01 

0.17 

0.03 

0.17 

-0.01 

0 .19 

0.04 

0.1 9 

0.00 

0.16 

0.08 

0.17 

0.05 

0.17 

0.05 

0 .21 

0 .00 

0.1 5 

0.03 

0.20 

0.05 

0.18 

0 .05 

2.3672 

2.3825 

2.3917 

2.4107 

2.4211 

2.4395 

2.4513 

2.4691 

2.4803 

2.5000 

2.5131 

2.5326 

2.5456 

2.5665 

2.5808 

2.6025 

2 .6168 

2.6387 

2.6537 

2.6772 

2.6927 

2.7187 

2.7360 

2.7616 

2.7795 

0.14 2.3310 0 .11 

0.03 2.3418 0.04 

0.08 2 .3558 0.09 

0.02 

0.10 

-0.08 

0.13 

-0.02 

0.14 

0.02 

0.13 

-0.04 

0.13 

0.01 

0.14 

-0.01 

0.14 

0.02 

0.17 

0.01 

0 .14 

-0.02 

0.13 

-0.04 

0.1 6 

0 .03 

0.17 

0.02 

2.3683 

2.3845 

2.3931 

2.4120 

2.4223 

2.4403 

2 .4508 

2 .4700 

2 .4810 

2 .5020 

2.5141 

2.5331 

2 .5461 

2 .5683 

2 .5816 

2.6031 

2.6181 

2.6387 

2.6562 

2.6783 

2.6945 

2.7183 

2.7363 

2.7626 

2.7800 

0.06 

0.18 

-0.03 

0.18 

0.03 

0.17 

0.00 

0 .17 

-0.01 

0.21 

0.05 

0 .1 6 

0.01 

0.21 

0.05 

0.19 

0.06 

0.14 

0.07 

0.17 

0.03 

0.15 

0.04 

0.21 

0.04 

Date of Test 2013. 02. 21 !rested by C. S. Ha 
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• HYUNDAI Turns Ratio Measurement Serial No. 
20120871 TKE001 ltEAVV INDUSTRIES C:O..Ll'D. 

Tap Voltage Measurement Value 

HV TV 
Rated 

H1-H2.H3 / Y1-Y2 H2-H3.H1 I Y2-Y3 H3-H1 .H2 / Y3-Y1 
Ratio 

No. I Voltage No. I Voltage Ratio I %Error Ratio I %Error Ratio I %Error 

362250 13145 15.9106 15.9560 0.29 15.9550 0.28 15.9540 0.27 

2 353625 13150 15.5259 15.5630 0.24 15.5650 0.25 15.5660 0.26 

3 345000 13155 15.1415 15.1810 0.26 15.1780 0.24 15.1840 0.28 

4 336375 13161 14.7562 14.8000 0.30 14.7980 0.28 14.7960 0.27 

5 327750 13167 14.3713 14.4130 0.29 14.4130 0.29 14.4190 0.33 

ll LV Tap :1L Y-D 

Date of Test 2013. 02. 21 !rested by C. S. Ha 
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HYUNDAI Turns Ratio Measurement Serial No. 
20120871TKE001 HEAVY INDUSTRIES C0.,.1.TD. 

Tap Voltage 

LV TV 

No. I Voltage No. I Voltage 

16R 152062 

15R 151297 

14R 150252 

13R 149748 

12R 148965 

11R 148175 

10R 147379 

9R 146576 

SR 145767 

7R 144951 

6R 144128 

SR 143299 

4R 142463 

3R 141619 

2R 140769 

1 R 139912 

N 139047 

1 L 138175 

2L 137296 

3L 136409 

4L 135515 

SL 134612 

6L 133702 

7L 132785 

SL 131859 

9L 130925 

10L 129982 

11 L 129032 

12L 128073 

13L 127105 

14L 126129 

15L 125144 

16L 124150 

* HVTap :3 

12272 

12321 

12370 

12419 

·12469 

12519 

12570 

12621 

12673 

12724 

12777 

12830 

12883 

12936 

12990 

13045 

13100 

13155 

13211 

13268 

13325 

13382 

13440 

13498 

13557 

13617 

13677 

13737 

13798 

13860 

13922 

13984 

14048 

Rated 
Ratio 

7.1539 

7.0896 

7.0128 

6.9617 

6.8975 

6.8335 

6.7692 

6.7051 

6.6408 

6.5771 

6.5127 

6.4485 

6.3845 

6.3206 

6.2566 

6.1923 

6.1282 

6.0643 

6.0001 

5.9358 

5.8716 

5.8077 

5.7435 

5.6796 

5.6155 

5.5511 

5.4870 

5.4231 

5.3590 

5.2947 

5.2306 

5.1668 

5.1024 

Date of Test : 2013. 02. 21 

X1-HOXO I Y1-Y2 

Ratio 

7.1610 

7.1170 

7.0310 

6.9880 

6.9050 

6.8590 

6.7770 

6.7300 

6.6470 

6.6030 

6.5180 

6.4760 

6.3930 

6.3480 

6.2610 

6.2200 

6.1360 

6.0900 

6.0090 

5.9630 

5.8810 

5.8340 

5.7490 

5.7050 

5.6200 

5.5770 

5.49.39 

5.4482 

5.3641 

5.3190 

5.2365 

5.1899 

5.1085 

I %Error 

0.10 

0.39 

0.26 

0.38 

0.11 

0.37 

0.11 

0.37 

0.09 

0.39 

0.08 

0.43 

0.13 

0.43 

0.07 

0.45 

0.13 

0.42 

0.15 

0.46 

0.16 

0.45 

0.10 

0.45 

0.08 

0.47 

0.13 

0.46 

0.10 

0.46 

0.11 

0.45 

0.12 

!rested by 

Measurement Value 

X2-HOXO I Y2-Y3 

Ratio I % Error 

7.1550 

7.1120 

7.0280 

6.9820 

6.8990 

6.8550 

6.7740 

6.7270 

6.6430 

6.5970 

6.5140 

6.4710 

6.3860 

6.3440 

6.2580 

6.2140 

6.1310 

6.0870 

6.0000 

5.9600 

5.8770 

5.8290 

5.7470 

5.7030 

5.6180 

5.5730 

5.4903 

5.4441 

5.3615 

5.3181 

5.2305 

5.1885 

5.1049 

0.01 

0.32 

0.22 

0.29 

0.02 

0.31 

0.07 

0.33 

0.03 

0.30 

0.02 

0.35 

0.02 

0.37 

0.02 

0.35 

0.05 

0.37 

0.00 

0.41 

0.09 

0.37 

0.06 

0.41 

0.05 

0.39 

0.06 

0.39 

0.05 

0.44 

0.00 

0.42 

0.05 

C. S. Ha 

X3-HOXO I Y3-Y1 

Ratio 

7.1600 

7.1160 

7.0290 

6.9860 

6.9040 

6.8610 

6.7750 

6.7310 

6.6460 

6.6000 

6.5170 

6.4750 

6.3880 

6.3470 

6.2620 

6.2200 

6.1350 

6.0910 

6.0040 

5.9610 

5.8750 

5.8350 

5.7500 

5.7050 

5.6200 

5.5760 

5.4941 

5.4481 

5.3663 

5.3180 

5.2373 

5.1901 

5.1063 

I %Error 

0.08 

0.37 

0.23 

0.35 

0.09 

0.40 

0.09 

0.39 

0.08 

0.35 

0.07 

0.41 

0.06 

0.42 

0.09 

0.45 

0.11 

0.44 

0.06 

0.43 

0.06 

0.47 

0.11 

0.45 

0.08 

0.45 

0 .. 13 

0.46 

0.14 

0.44 

0.13 

0.45 

0.08 

010 



~HYUNDAI 
Hl!AVV INDUS1ltlES CQ,.L1D. 

Winding Resistance 
Measurement 

Tap No. 
High voltage side in ohms 

Tap Voltage 
H1 -X1 H2-X2 

(V) 
(HV) at 22.0 ·c I at 85 ·c at 22.0 ·c I at 85 ·c 

1 362250 0.1249022 0.1555799 0.1247599 0.1554027 

2 353625 0.1196655 0.1490570 0.1195434 0.1489049 

3 345000 0.1144483 0.1425584 0.1143317 0.1424131 

4 336375 0.1092648 0.1361017 0.1091520 0.1359612 

5 327750 0.1040834 0.1296478 0.1039766 0.1295147 

Tap No. 
Tertiary voltage side in ohms 

Tap Voltage 
Y1 -Y2 Y2-Y3 

(V) 
(TV} at 22.0 ·c I at 85 ·c at 22.0 ·c I at 85 · ·c 

at 

Serial No. 
20120871TKE001 

H3-X3 

22.0 ·c I at 85 ·c 
0.1247610 0.1554040 

0.1195302 0.1488885 

0.1143075 0.1423830 

0.1091134 0.1359132 

0.1039184 0.1294422 

Y3-Y1 

at 22.0 ·c I at 85 ·c 
13200 0.0029228 0.0036406 0.0029303 0.0036500 0.0029533 0.0036786 

Date of Test 2013. 02. 21 !Tested by I. D. Lee 
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A HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Winding Resistance 
Measurement 

Low voltage side.in ohms 
Tap No. Tap Voltage 

X1 - HOXO X2 - HOXO 
(V) 

(LV) at 22.0 'CI at 85 'C at 22.0 'C I at 85 ·c 
16R 152062 0.0387254 0.0482369 0.0384744 0.0479243 

15R 151297 0.0380315 0.0473726 0.0378490 0.0471453 

14R 150252 0.0380623 0.0474109 0.0378125 0.0470998 

13R 149748 0.0373653 0.0465428 0.0371814 0.0463136 

12R 148965 0.0373986 0.0465843 0.0371464 0.0462700 

11R 148175 0.0367038 0.0457187 0.0365181 0.0454875 

10R 147379 0.0367374 0.0457606 0.0364857 0.0454471 

9R 146576 0.0360506 0.0449051 0.0358656 0.0446747 

8R 145767 0.0361142 0.0449844 0.0358633 0.0446719 

7R 144951 0.0353981 0.0440923 0.0352105 0.0438587 

6R 144128 0.0354639 0.0441743 0.0352110 0.0438593 

5R 143299 0.0347258 0.0432549 0.0345406 0.0430242 

4R 142463 0.0347840 0.0433274 0.0345279 0.0430084 

3R 141619 0.0340577 0.0424228 0.0338675 0.0421858 

2R 140769 0.0341218 0.0425026 0.0338668 0.0421850 

1R 139912 0.0328960 0.0409757 0.0328725 0.0409464 

N 139047 0.0326014 0.0406087 0.0326269 0.0406406 

1L 138175 0.0328819 0.0409581 0.0328580 0.0409284 

2L 137296 0.0340025 0.0423540 0.0337353 0.0420212 

3L 136409 0.0339736 0.0423180 0.0337775 0.0420737 

4L 135515 0.0346663 0.0431808 0.0344056 0.0428560 

SL 134612 0.0346323 0.0431385 0.0344430 0.0429027 

6L 133702 0.0353308 0.0440086 0.0350626 0.0436744 

7L 132785 0.0352969 0.0439663 0.0351011 0.0437224 

8L 131859 0.0359912 0.0448311 0.0357253 0.0444999 

9L 130925 0.0359676 0.0448017 0.0357764 0.0445635 

10L 129982 0.0367047 0.0457198 0.0364417 0.0453923 

11 L 129032 0.0366519 0.0456541 0.0364622 0.0454178 

12L 128073 0.0373815 0.0465630 0.0371266 0.0462455 

13L 127105 0.0373175 0.0464831 0.0371327 0.0462530 

14L 126129 0.0380345 0.0473763 0.0377798 0.0470590 

15L 125144 0.0379831 0.0473123 0.0377978 0.0470815 

16L 124150 0.0387164 0.0482257 0.0384668 0.0479148 

Serial No. 
20120871 TKE001 

X3- HOXO 

at 22.0 t I at 85 ·c 
0.0380093 0.0473449 

0.0374448 0.0466418 

0.0373538 0.0465284 

0.0367794 0.0458129 

0.0366806 0.0456898 

0.0361142 0.0449843 

0.0360155 0.0448614 

0.0354679 0.0441793 

0.0354095 0.0441066 

0.0348170 0.0433686 

0.0347536 0.0432895 

0.0341510 0.0425390 

0.0340835 0.0424549 

0.0334814 0.0417049 

0.0334145 0.0416216 

0.0325928 0.0405981 

0.0323780 0.0403305 

0.0325690 0.0405684 

0.0332612 0.0414306 

0.0333614 0.0415554 

0.0339316 0.0422656 

0.0340236 0.0423802 

0.0345817 0.0430754 

0.0346830 0.0432016 

0.0352409 0.0438966 

0.0353572 0.0440414 

0.0359667 0.0448006 

0.0360457 0.0448990 

0.0366465 0.0456473 

0.0367109 0.0457277 

0.0373099 0.0464738 

0.0373786 0.0465593 

0.0379835 0.0473128 

Date of Test 2013. 02. 21 !Tested by I. D. Lee 

012 



A HYUNDAI 
HEAVY JNDUS1RIES CQ,,LTD. 

1) HV-L V Side 

Tap position 3 / 1 L 

HV 

Ph.ase Voltage(V) 

H1-H2 223.0 

H2-H3 223.6 

H3-H1 223.4 

H1-X2 

· H1-X3 

H2-X1 
Vector 

H2-X3 

H3-X1 

H3-X2 

2) HV-TV Side 

Tap position 3 / 1L 

HV 

Phase Voltage(V) 

H1-H2 223.7 

H2-H3 224.1 

H3-H1 224.4 

H2-Y2 

H2-Y3 

H3-Y2 
Vector 

H3-Y3 

Measurement of Polarity & 
phase relationship 

Serial No. 
20120871TKE001 

LV 

Phase Voltage(V) 

X1-X2 89.3 

X2-X3 89.5 

X3-X1 89.7 

161 .2 (V) 

161.6 (V) 

161 .1 (V) 

161.1 (V) 

161.3 (V) 

161.5 (V) 

TV 

Phase Voltage(V) 

Y1-Y2 8 .5 

Y2-Y3 8.5 

Y3-Y1 8.5 

216.4 (V) 

223.8 (V) 

216.7 (V) 

217.1 (V) 

Vector Diagram 

H2 
I 

I I 
I I 

I I 

/ '.x2 
I I 

I ";\ \ 
I ' I 

/ ,,' '~" 
I , \' 

I , \ ' 

,',, \ ', 
' I ' 

X1 ,I ox " ', " ' , ' , ... - ' ' ,' ---... ~ ' 
H1 ( __________ :-:.- - -- ----:~, H3 

YNaO 

Vector Diagram 

H2 

• ~ ,, ,, ,, ,, ,, ,, ,, 
'1 

I I 

,'I 
I I 

I I 
I I 

Y2 I I ox I I 

I 
I 

<It·-------------H1-Y1 I ____ :::· H3 
,' ~ ---- ... ---- -
·-y3 

YNd1 

Date of Test 2013. 02. 21 !Tested by C. S. Ha 
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.HYUNDAI 
HEAVY INDUSTRJES CO.LTD. 

Insulation Resistance 
Measurement 

1. Winding insulation resistance measurement 

-. 5000V, 5000GQ Meter at 22 t . 

1 (min.) 

HV,LV - Earth (TV-Guard) 6510 

TV - Earth (HV,LV-Guard) 30700 

HV,LV - TV (Tank-Guard) 8950 

2. Core & Clamp insulation resistance measurement 

-. 1ooov, 2000MO Meter at 22 ·c. 

---------- Core - Earth Clamp - Earth 

1 (min.) 2000 2000 

3. Reactor Core & Clamp insulation resistance measurement 

-. 1 OOOV, 2000MQ Meter at 22 t . 

Core - Earth Clamp - Earth 

1 (min.) 2000 2000 

Date of Test 2013. 02. 21 !Tested by C. S. Ha 

Serial No; 
20120871TKE001 

(Unit : MQ) 

(Unit : MQ) 

Core-Clamp 

2000 

(Unit: MQ) 

Core -Clamp 

2000 

014 



AUSTIN 20120971TKE001.txt 
Nameplate 

Date (YY/MM/DD) 
Company 
Location 
Equipment 
Serial Number 
Manufacturer 
Special ID 

13/02/21 Time 
AUSTIN I DUNLAP 
3PH 403/535/672MVA 345/ 138/ 13.2kV 

2012087HKEOO1 

2TKE001 
Circuit Designation 

Test Conditions 

Weather 
Humidity 

Indoors 
42 % 

Air Temperature 
Oi I Temperature 

Test Results 

L Ci re. 
No Tes t ID C Desc. kV mA Watts 

1 CH+CHL A GND-RB 10.00 111.577 2.691 
2 CH A GAR-:R 10.00 62.032 2.007 
3 CHL A UST-A 10.00 49. 330 0 .721 
4 CHL+CL A GND-RB 10.00 146.241 2.963 
5 CL A GAR-A 10.00 96.750 2.383 
6 CH+CL A GND-RB 10.00 158.910 4. 144 
8 H1 1ZUA 1000040108 C1 A UST-A 10.00 2.132 0.067 
9 C2 A GAR-R 2.000 30.477 0.924 

10 H2 1ZUA 1000040109 C1 A UST-R 10.00 2.174 0.068 
11 C2 A GAR-A 2.000 31. 049 0 .878 
12 H3 1ZUA 1000040107 C1 A UST-A 10.00 2. 129 0.066 
13 C2 A GAR-A 2.000 31. 106 0 . 923 
14 X1 1ZUA 1000060201 Cl A UST-A 10.00 1.585 0.047 
!5 C2 A GAR-A 2.000 17.817 0.470 
16 X2 1ZUA 1000060200 Cl A UST-A 10.00 1.585 0.047 
17 C2 A GAR-A 2. 000 17.056 0.455 
18 X3 1ZUA 1000060199 C1 A UST-R 10.00 1.588 0.047 
19 C2 A GAR-R 2. 000 17.524 0.466 
20 HOXO 1ZUA 1000039897 C1 A UST-R 10.00 2.037 0.048 
21 C2 A GAR-R . 0.500 1.680 0.026 
22 Y11ZUA 1000032722 C1 A UST-A 10.00 2.854 0.055 
23 C2 A GAR-A 0.500 2.977 0.069 
24 Y21ZUA 1000032723 C1 A UST-A 10 .00 2.837 0.054 
25 C2 A GAR-A 0.500 2.935 0.069 
26 Y31ZUA 1000032721 C1 A UST-A 10.00 2.805 0.053 
27 C2 A GAR-A 0.500 2.974 0.080 

LC (Li ne Configuration} Parameters: 
A = Ref. to 10 kV. Line Frequency Modulati on. 60 Hz 
6 =Ref. to 10 kV, Line Frequency Modulation, 50 Hz 
C =Ref. to 10 kV, Line Sync Rever sal 
D =Actual Values, Line Frequency Modulation, 60 Hz 
E =Actual Values, Line Frequency Modulation , 50 Hz 
F = Actual Values. Line Sync Reversal 

I IlllOIJ::\ 

01 :46 PM 

18 ·c 
22 ·c 

Meas. Corr. 
%PF Fct r 

0.241 0.99 
0.324 0.99 
0.146 0.99 
0.203 0.99 

0.246 0.99 
0.261 0.99 

0.316 1.01 
0.303 1.01 
0.314 1. 01 
0.283 1.01 
0.312 1. 01 
0.297 1. 01 
0.299 1. 01 
0.264 1.01 
0.296 1.01 
0.267 1.01 
0.298 1.01 
0.266 1.01 
0.234 1. 01 
0.153 1. 01 
0. 192 1. 01 
0.232 1. 01 
0. 190 1.01 
0.236 1. 01 
0. 190 1.01 
0.270 1.01 

015 

Corr Cap ./ R 
%PF Ind. T 

0.239 29597 .15 pF 
0.321 16454.85 pF 
0.145 13085.45 pF 
0.201 38793.75 pF 

0.244 25663.30 pF 
0.258 42151.60 pf 

0.319 565.61 pF 
0.306 8084.31 pF 
0.317 576.69 pF 
0.286 8236.03 pF 
0.315 564.78 pF 
0.300 8251 . 14 pF 
0.302 420 .52 pF 
0.266 4726 . 13 pF 
0. 299 420 .38 pF 
0.269 4524. 11 pF 
0.301 421.20 pF 
0.268 4648.53 pF 
0. 236 540.47 pF 
0.154 445.59 pF 
0.194 757.05 pF 
0.234 789.56 pf 
0.192 752.45 pF 
0. 239 778.56 pF 
0.192 743.94 pF 
0.273 788 .87 pF 



016 

£.HYUNDAI Measureroent of insulation 
pt:>wer factor HEAVY INDUSTIUES CO.LTD. 

~11r:l1 
cH1 EJ'cHUcr 

No. Items Mode Supply Ground Guard Measured Remark 

1 CH+CHL GND-RB High Low(Ter.) 

2 CH GAR-R High Low(T ertiary) 

3 CHL UST-R High Low(T ertiary) 

4 CHL+CL GND-RB Low(Ter.) High 

5 CL GAR-R Low(Ter.) High or (GAR-RB) 

6 CH+CL GND-RB High+Low(Ter.) Ground(Tank) or (GAR-RB) 

J';·1 2 3) 
' I 

Test; High voltage supply, Low(Tertiary)voltage red cable (Blue cable : Not Used) 

l'1"4,5) Test ; Low(Tertiary)voltage supply, High voltage red cable (Blue cable : Not Used) 

•.. ··6) Test ; High+Low(Tertiary)voltage supply, Measured (Tank) Ground (Red+Blue cable : Not Used) 



* Before Impulse test 

Test frequency 60 Hz, 

Meast.u·ement of No load 
losses and elCcmng current 

19.8 'C 

Serial No. 
20120871TKE001 

TV side connec'i:ion at rated voltage 12.272 kV, based 403 i\liVA HV I LV Tap No.: 3 / 16R 

Supply voltage/..J3 (V) Current(A) No load losses 
(Phase to Ground) Phase Average (W) 

01 7 

(%)I mean I rms la I lb I le lo l % Pm l Pc(T m) j Pc(Tr) 

90 6377 

100 7085 

105 7440 

110 7794 

Remark: 

6363 

7067 

7419 

7768 

6.490 

7.250 

7.690 

8.220 

5.110 

5.450 

5.630 

5.900 

6.640 

7.070 

7.230 

7.390 

6.080 0.032 83016 83203 83192 

6.590 0.035 104450 104723 104709 

6.850 0.036 117012 117347 117332 

7.170 0.038 131 140 131567 131550 

- Pc(Tr) is Calculated as per IEEE std C57. 12. 90-2006 Clause 8.4 

- Pm is measured no-load losses at temperature Tm 

- Pc(T m) is the no-load losses, corrected for waveform, at temperature Tm 

- Pc(Tr) is the no-load losses, corrected to the reference temperature Tr = 20°C 

Date of Test : 2013. 02. 22 jrested by : J. C. Song 

f 
I 



01 8 

& HYUNDAI Nieasuremen'i of No load Serial No. 

lfW"tMY ~DUSl'Fi!l!S CO.,LTD. losses and exciting current 20120871TKE001 

403 MVABASE 

Test frequency at 60 Hz * Before Impulse test HV / LV Tap No.: 3/16R 

TV Side Connection at rated voltage 12.272 kV, Oil temp. 19.8 't 

90 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 6377 v 6393 v I 6379 v I 1 6.490 A P1 32404 w 
V2 6377 v 6365 v I 6352 v I 2 5.110 A P2 21919 w ' \ 

V3 6377 v 6372 v I 6357 v I 3 6.640 A P3 28693 w 
VAVG 6377 v 6377 v 6363 v IAVG 6.080 A Pm 83016 w 

0.032 % Pc 83203 w 
100 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 7085 v 7104 v I 7086 v I 1 7.250 A P1 41461 w 
V2 7085 v 7070 v 7054 v I 2 5.450 A P2 27780 w 
V 3 7085 v 7082 v 7000 v I 3 7.070 A P3 35209 w 
VAv G 7085 v 7085 v I 7067 v IAvG 6.590 A Pm 104450 w 

0.035 % Pc 104723 w 
1· 

105 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 7440 v 7459 v I 7439 v I 1 7.690 A P1 46831 w 
V2 7440 v 7424 v I 7405 v I 2 5.630 A P2 31194 w 
V3 7440 v 7437 v I 7413 v I 3 7.230 A P3 38987 w 
V AvG 7440 v 7440 v 7419 v IAVG 6.850 A Pm 117012 w 

0.036 % Pc 117347 w 
11 O % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 7794 v 7814 v 7790 v I 1 8.220 A P1 52853 w 
V2 7794 v 7775 v 7753 v I 2 5.900 A P2 34962 w 
V3 7794 v 7791 v I 7762 v I 3 7.390 A P3 43325 w 
VAVG 7794 v 7794 v I 7768 v IAVG 7.170 A Pm 131140 w 

0.038 % Pc 131567 w 

Date of Test 2013. 02. 22 !Tested by J . C. Song 



* Before Impulse test 

Measurement of No load 
losses and exciting current 

Test frequency 60 Hz, 19.8 'C 

Serial No. 
20120871TKE001 

TV side connection at rated voltage 14.111 kV, based 403 MVA HV I LV Tap No.: 5 I 16L 

Supply voltage/.,/3 (V) Current(A) No load losses 
(Phase to Ground) Phase Average (W) 

019 

(%) I mean I rms la I lb I le lo I % Pm I Pc(T m) I Pc(Tr) 

100 8148 8123 8.870 6.550 7.080 7.500 0.045 146283 146747 146728 

Remark : 

- Pc(Tr) is Calculated as per IEEE std C57. 12. 90-2006 Clause 8.4 

- Pm is measured no-load losses at temperature Tm 

- Pc(T m) is the no-load losses, corrected for waveform, at temperature Tm 

- Pc(Tr) is the no-load losses, corrected to the reference temperature Tr= 20'C 

Date of Test : 2013. 02. 22 !rested by : J. C. Song 

f 



020 

~HYUNDA~ Measurement of No load Serial No. \ 
Mia.UV U'JDUSllilU CO.,LTI>. losses and exciting current 20120871 TKE001 

403 MVA BASE 

Test frequency at 60 Hz JE Before Impulse test HV I LV Tap No. : 5/16L 

TV Side Connection at rated voltage 14.111 kV, Oil temp. 19.8 t 

100 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 8147 v 8176 v I 8145 v I 1 8.870 A P1 59553 w 
V2 8147 v 8121 v I 8105 v I 2 6.550 A P2 39633 w 
V3 8147 v 8148 v I 8117 v I 3 7.080 A P3 47097 w 
VAVG 8147 v 8148 v I 8123 v IAvG 7.500 A Pm 146283 w 

\ 
0.045 % Pc 146747 w 

i' 
\ 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



HYUNDAI 
Ui:tarY IP.lDUS'ffill:.S CO.,UD. 

*-After Impulse test 

Test frequency 60 Hz, 

Measurement of No load 
!asses and exciting current 

20.8 "C 

Serial No. 
20120871 TKE001 

021 

TV side connection at rated voltage 12.272 kV, based 403 MVA HV I LV Tap No.: 3/ 16R 

Supply voltage/.,/3 (V) 
(Phase to Ground) 

(%)I mean I 
90 6377 

100 7085 

105 7441 

110 7795 

Remark: 

rms 

6362 

7066 

7419 

7769 

la 

6.550 

7.320 

7.760 

8.290 

I 
Phase 

lb 

5.180 

5.500 

5.680 

5.940 

Current( A) 

I le 

6.740 

7.180 

7.350 

7.520 

i\!o load losses 

Average (W) 

lo I % Pm I Pc(T m) I Pc(Tr) 

6.150 0.032 83626 83826 83870 

6.670 0.035 105204 105481 105536 

6.930 0.037 117926 118265 118326 

7.250 0.038 132137 132578 132647 

- Pc(Tr) is Calculated as per IEEE std C57. 12. 90-2006 Clause 8.4 

- Pm is measured no-load losses at temperature Tm 

- Pc(T m) is the no-load losses, corrected for waveform, at temperature Tm 

- Pc(Tr) is the no-load losses, corrected to the reference temperature Tr= 20 t 

Date of Test : 2013. 02. 25 !Tested by : J. C. Song 



022 

& HYUNDAI IV~e2s~rame11t of No load Serial No. 

Ht;WV KODU$'\'fi16 CO.,m>.. losses arad exciting current 20120871 TKE001 

403 MVABASE 

Test frequency at 60 Hz • After Impulse test HV /LV Tap No.: 3 / 16R 

TV Side Connection at rated voltage 12.272 kV, Oil temp. 20.8 'C 

90 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mear:i I rms) 

V1 6377 v 6394 v 6379 v I 1 6.550 A P1 32549 w 
V2 6377 v 6366 v I 6351 v I 2 5.180 A P2 22106 w 
V3 6377 v 6371 v I 6356 v 1 3 6.740 A P3 28971 w 
VAVG 6377 v 6377 v I 6362 v IAvG 6.150 A Pm 83626 w 

0.032 % Pc 83826 w 
100 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 7085 v 7104 v I 7085 v I 1 7.320 A P, 41632 w 
V2 7085 v 7070 v 7053 v I 2 5.500 A P2 28017 w 
V3 7085 v 7081 v I 7060 v I 3 7.180 A P3 35555 w 
VAVG 7085 v 7085 v I 7066 v IAvG 6.670 A Pm 105204 w 

0.035 % Pc 105481 w 
105 % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) '· 

v, 7440 v 7460 v I 7440 v I 1 7.760 A P1 47048 w 
V2 7440 v 7425 v I 7405 v I 2 5.680 A P2 31461 w 
V3 7440 v 7437 v I 7413 v I 3 7.350 A P3 39416 w 
VAVG 7440 v 7441 v I 7419 v I AVG 6.930 A Pm 117926 w 

0.037 % Pc 118265 w 
11 O % of Rated Voltage 

Phase to Ground Voltage 
Exciting current Losses 

Rated value (mean) Tested value (mean I rms) 

V1 7794 v 7816 v I 7791 v I 1 8.290 A P, 53078 w 
V2 7794 v 7777 v I 7754 v I 2 5.940 A P2 35224 w 
V3 7794 v 7792 v I 7763 v I 3 7.520 A P3 43835 w 
VAVG 7794 v 7795 v I 7769 v IAvG 7.250 A Pm 132137 w 

0.038 % Pc 132578 w 

Date of Test 2013. 02. 25 !Tested by J . C. Song 



HYUNDAI 
H£AVY INDUSTRIES CO.ll'D. 

Measurement of sound level Serial No. 
20120871TKE001 

At rated voltage 345/138/13.2kV, frequency 60Hz, and type of cooling ONAN Tap : 6/1uL 

in accordance with IEEE C57.12.90 

1. Guaranteed value 

2. Measured value 

3. Ambient sound level 

4. Measured value(Unit : dB) s: 1/3 H I 2/3 H 

1 -i 
2 ! 

i 

3 

4 

5 

6 

74.0 73.5 

75.0 70.1 

75.5 70.4 

72.6 72.0 

72.8 70.1 

69.6 69.4 

I 16 

17 

18 

19 

20 

21 

77.0 dB 

72.3 dB without cooling system ( 1 Feet ) 

60.0 dB ( A : 60 B : 61 C : 61 D : 60 ) 

( E : 59 F : 60 G : 60 H : 59 ) 

1/3 H 

74.7 

74.8 70.5 

73.3 75.5 

71.4 73.9 

72.2 70.5 

74.4 73.2 

32 I 

33 : 

34 

35 

36 

1/3 H 

73.7 

68.7 
I 

12 .9 - ~·- --T 
73.2 

68.4 
---·t 

70.0 

2/3 H 

71.3 

70.3 

71.2 

70.4 

65.0 

70.5 

. . _: 1 ;~:~ _ L ~1:: ·- I ·~~ ~ -· ::±--__ ; .. -~H=~::_+-------+----~-
9 12.5 1 73.2 1 24 I 12.6 i 68.7 1 39 

- I 
- i 

I 

10 74.1 I 14.7 i 25 : 68.7 ' 69.4 4o 

-
------1-

- i 
- I 

i 11 i 69.8 75.1 ! 26 73.5 74.0 41 j 
74.1 I 42 I 12 I 70.0 75.2 27 75.8 

71.4 I 43 

72.7 
I 

44 ! I 

73.0 45 

--~----- ..... .. -·-· -··-----·-····--------+--

13 76.8 - f -----~-·3 ____ -+ 

14 75.6 I 73.6 
-1 s T _____ 7_0-.1----+-'. --1-1.-2----+----l---- -I-------+------

28 I 72.5 I ----i 

29 1·-72.7 I 

30 I 71.8 
I 
I 
I 

D 
30 

i 

A 

10 B 

Date of Test 2013. 02. 22 Tested by B. Y. Cheon 
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A HYUNDAl-
HIAVY INDUSTRIES CO..LlD. 

Measurement of sound level Serial No. 
20120871TKE001 

At rated voltage 345/138/13.2kV, frequency 60Hz, and type of cooling ONAF2 T~p : S/"! iSL 

in accordance with IEEE C57.12.90 

1. Guaranteed value 80.0 dB 

2. Measured value 76.0 dB with cooling system ( 6 Feet) 

3. Ambient sound level 60.1 dB ( A : 60 B : 61 C : 51 D : 60 ) 

4. Measured value(Unit : dB) ( E : 59 F : 60 G : 60 H : 59 ) 

1/3 H 2/3 H 

76.1 75.4 16 78.6 78.2 31 78.8 75.3 
- ----+-----·-- · . . -----+----- ___._-

2 75.2 73.1 17 77.2 76.7 32 78.4 77.2 
f----- ---+--- ---+-----'-

3 74.0 72.8 18 76.5 75.3 33 77.4 76.4 
- ---+---- -------!- -~------ __ __,_ __ 

4 74.2 73.1 19 77.2 74.2 34 75.1 . 76.8 
- --------+---

5 72.6 71 .4 I 20 76.1 75.0 35 7 4.3 i 75.2 

024 

6 ! 14.3 14.2 21 18.2 14.9 36 14.2 I 15.1 

_1_L 76.3 74.5 22 76.3 75.2 37 
1 
__ -_-_-_-+-+-!-- -__ - ~== 

8 74.5 77.0 23 76.0 75.1 38 I , 

----+---- - --- - +----
9 I 76.3 76.1 24 74.4 75.2 39 I 
10 I 78.3 -7-7-.8- -+---25---t- -75.5 -+----7-4-.2--.-~6 T-- - --+----
11 : 77.1 76.5 26 76.8 74.5 -- - 1 41 i 

---+--- - -
12 77.4 79.1 27 79.2 76.8 i 42 i 

--~3 _i_- 76.1 77.2 I 28 78,1 76.0 ,!,. 43~- -

14 1 77.2 78.5 I 29 78.2 76.5 44 _ 
15 I 16.2 1 ---1-1-.2- --+· - 3-o-t--- 18.3- -+---7-5.-4---45 - -- -+----

D 
30 

1 ---. 

A 

10 B 

Date of Test 2013. 02. 22 Tested by B. Y. Cheon 



,HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 403 MVA base 

at 60 Hz and 19.8 ·c, (HV) side connection, (LV) side short circuit. 

Tap No. 
(HV/LV) 

1/1 L 

2/1L 

3/1L 

4/1 L 

5/1 L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

642.3 

658.0 

674.4 

691.7 

709.9 

I Test 

642.7 

658.7 

674.6 

692.4 

710.4 

Correction on 535 MVA base 

Tap No. 
(HV/LV) 

1/1 L 

2/1L 

3/1L 

4/1L 

5/1L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

852.7 

873.5 

895.3 

918.3 

942.4 

I Test 

Impedance 

Volt(V) 

30604 

28962 

27434 

26299 

24874 

I % at s5 t 
8.448 

8.190 

7.952 

7.819 

7.589 

Impedance 

Volt(V) 

40628 

38448 

36420 

34914 

33021 

I % at 85 ·c 
11.216 

10.873 

10.557 

10.380 

10.075 

Serial No. 
20120871 TKE001 

Load losses (W) 

at 19.8 t I 
399871 

396805 

399255 

404500 

407927 

at 85 ·c 

437595 

434024 

434751 

437612 

438908 

Load losses (W) 

at 19.8 "C j at 85 ·c 
771206 

764912 

766192 

771235 

773518 

Date of Test 2013. 02. 22 !Tested by J . C. Song 
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LV Tap No: 1L 

Measurement of Load losses & 
impedance voltage 

403 MVABASE 

Supply: HV Short : LV Open : TV 

Tap No. : 1 

Rated current 

642.3 A 

642.3 A 

642.3 A 

642.3 A 

Tap No. : 2 

Rated current 

658.0 A 

658-0 A 

658.0 A 

658.0 A 

Tap No. : 3 

Rated current 

674.4 A 

674.4 A 

674.4 A 

674.4 A 

Tap No. 4 

Rated current 

691.7 A 

691.7 A 

691.7 A 

691.7 A 

Test current 

642.7 A 

642.9 A 

642.5 A 

642.7 A 

Test current 

658.7 A 

658.9 A 

658.5 A 

658.7 A 

Test current 

674.7 A 

674.9 A 

674.3 A 

674.6 A 

Test current 

692.1 A 

692.6 A 

692.3 A 

692.4 A 

Impedance voltage {rms) 
Phase to Ground 

17720 v 
17643 v 
17643 v 
17669 v 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

16772 v 
16696 v 
16694 v 
16721 v 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

15889 v 
15816 v 
15812 v 
15839 v 

Impedance voltage (rms) 
Phase to Ground 

15218 v 
15126 v 
15207 v 
15184 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 °C 

Losses 

128475 w 
124468 w 
146928 w 
399871 w 

Losses 

127374 w 
124943 w 
144488 w 
396805 w 

Losses 

128439 w 
127115 w 
143701 w 
399255 w 

Losses 

127021 w 
129905 w 
147574 w 
404500 w 

Date of Test 2013. 02.22 !rested by J . C. Song 
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LVTap No: 1L 

Measurement of Load losses & 
impedance voltage 

403 MVABASE 

Supply: HV Short: LV Open : 1V 

Tap No. : 5 

Rated current 

709.9 A 

709.9 A 

709.9 A 

709.9 A 

Test current 

710.3 A 

710.7 A 

710.3 A 

710.4 A 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

14406 v 
14342 v 
14335 v 
14361 v 

Serial No. 
20120871TKE001 

Oil temp. 19.8 "C 

Losses 

126665 w 
131985 w 
149277 w 
407927 w 

Date of Test 2013. 02.22 !Tested by J. C. Song 
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028 

A.HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDU51Rl£5 CO.LTD. characteristics 20120871 TKE001 

!nput tlata Tap position HV/LV 1/1L 

Capacity (kVA) 403000 

Rated voltage (V} HV /LV 362250 I 138070 

Rated current (A) HV /LV 642.3 I 1685.2 

Impedance voltage (V) 30604 

No-load losses (W) 104709 

Load losses (W) 19.8 'C 399871 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1249022 0.1247599 0.1247610 

LV winding( ohm) x1-Hoxo,X2-HOXO,X3-Hoxo 0.0328819 0.0328580 0.0325690 

Output c!ata 

Copper loss at 20 ·c 259145.0 (W) at 85 ·c 325587.2 (W) 

Stray loss at 20 "C 140726.0 (W) at 85 ·c 112008.2 (W) 

Load loss at 85 ·c 437595.4 (W) 

% Resistance voltage drop at 85 ·c 0.109 (%) 

% Reactance voltage drop at 85 ·c 8.448 (%) 

% Impedance voltage drop at 85 ·c 8.448 (%) 

Ca!cu!at!on of a·~ficiancy (PF: ·LO ) 

Load factor 1.25 99.844 (%) Load factor 0.60 99.892 (%) 

Load factor 1.10 99.857 (%) Load factor 0.50 99.894 (%) 

Load factor 1.00 99.866 (%) Load factor 0.40 99.892 (%) 

Load factor 0.90 99.874 (%) Load factor 0.30 99.881 (%) 

Load factor 0.80 99.881 (%) Load factor 0.25 99.869 {%) 

Load factor 0.75 99.884 (%) Load factor 0.20 99.849 {%) 

Ca:c~ iat!orc of vc;ta~e 7egu~6tion 

Power factor 1.00 0.465 (%) Power factor 0.70 6.279 (%) 

Power factor 0.95 3.060 (%) Power factor 0.65 6.636 (%) 

Power factor 0.90 4.065 (%) Power factor 0.60 6.947 (%) 

Power factor 0.85 4.796 (%) Power factor 0.55 7.219 (%) 

Power factor 0.80 5.379 (%) Power factor 0.50 7.455 {%) 

Power factor 0.75 5.865 (%) Power factor 0.25 8.227 {%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



029 

• HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871 TKE001 

!npui: data Tap position HV/LV 2/'!L 

Capacity (kVA) 403000 

Rated voltage (V) HV /LV 353625 I 138121 

Rated current (A) HV /LV 658.0 I 1684.6 

Impedance voltage (V) 28962 

No-load losses (W) 104709 

Load losses (W) 19.8 'C 396805 

Winding resistance 22.0 'C 

HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1196655 0.1195434 0.1195302 

LV winding( ohm} X1-HOXO,X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Output da\:.a 

Copper loss at 20 'C 256689.5 (W) at 85 ·c 322502.1 (W) 

Stray loss at 20 ·c 140115.5 (W) at 85 ·c 11 1522.3 (W) 

Load loss at 85 ·c 434024.4 (W) 

% Resistance voltage drop at 85 ·c 0.108 (%) 

% Reactance voltage drop at 85 ·c 8.189 (%) 

% Impedance voltage drop at 85 ·c 8.190 (%) 

Calcu:ation of sfflc!ency (PF : ~~ .::i ) 

Load factor 1.25 99.845 (%} Load factor 0.60 99.892 (%) 

Load factor 1.10 99.858 (%) Load factor 0.50 99.894 (%) 

Load factor 1.00 99.866 (%) Load factor 0.40 99.892 (%} 

Load factor 0.90 99.874 (%) Load factor 0.30 99.881 (% ) 

Load factor 0.80 99.882 (%) Load factor 0.25 99.869 (%) 

Load factor 0.75 99.885 (%) Load factor 0.20 99.849 (% ) 

Ceicuia~:cn c~ vol~eg~ re3u;z~km 

Power factor 1.00 0.443 (%) Power factor 0.70 6.084 (%) 

Power factor 0.95 2.959 (%) Power factor 0.65 6.431 (%) 

Power factor 0.90 3.935 (%) Power factor 0.60 6.733 (%) 

Power factor 0.85 4.644 (%) Power factor 0.55 6.996 (%) 

Power factor 0.80 5.210 (%) Power factor 0.50 7.226 (%) 

Power factor 0.75 5.682 (%) Power factor 0.25 7.975 (%) 

Date of Test 2013. 02. 22 !Tested by J. c. Song 
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.&HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTillES CO..LTD. characteristics 20120871 TKE001 

Input data Tc:p position HV/LV 3/1~ 

Capacity (kVA) 403000 

Rated voltage (V) HV/LV 345000 I 138175 

Rated current (A) HV I LV 674.4 1683.9 

Impedance voltage (V) 27434 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 399255 

Winding resistance 22.0 ·c 
HV w inding( ohm) H1-X1 ,H2-X2,H3-X3 0.1144483 0.1 143317 0.1 143075 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Ou~put elate 

Copper loss at 20 ·c 254031.6 (W) at 85 'C 319162.7 (W) 

Stray loss at 20 ·c 145223.4 (W) at 85 ·c 115587.9 (W) 

Load loss at 85 ·c 434750.6 (W) 

% Resistance voltage drop at 85 ·c 0.108 (%) 

% Reactance voltage drop at 85 ·c 7.951 (%) 

% Impedance voltage drop at 85 ·c 7.952 (%) 

Ca!cli!ation o·i' 9~ficiency (PF: 1 .~ ) 

Load factor 1.25 99.845 (%) Load factor 0.60 99.892 (%) 

Load factor 1.10 99.858 (%) Load factor 0 .50 99.894 (%) 

Load factor 1.00 99.866 (%) Load factor 0.40 99.892 (%) 

Load factor 0.90 99.874 (%) Load factor 0.30 99.881 (%) 

Load factor 0.80 99.881 (%) Load factor 0.25 99.869 (%) 

Load factor 0.75 99.885 (%) Load factor 0.20 99.849 (%) 

Caicu!aiion of voi·~3ga ;egulet:ol"! 

Power factor 1.00 0.424 (%) Power factor 0.70 5.904 (%) 

Power factor 0.95 2.868 (%) Power factor 0.65 6.242 (%) 

Power factor 0.90 3.816 (%) Power factor 0.60 6.535 (%) 

Power factor 0.85 4.505 (%) Power factor 0.55 6.792 (%) 

Power factor 0.80 5.055 (%) Power factor 0.50 7.015 (%) 

Power factor 0.75 5.514 (%) Power factor 0.25 7.743 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LlD. characteristics 20120871 TKE001 

Input da~a Ta['l pcs!tion MV/LV ~/'IL 

Capacity (kVA) 403000 

Rated voltage (V) HV I LV 336375 I 138232 

Rated current (A) HV /LV 691.7 I 1683.2 

Impedance voltage (V) 26299 

No-load losses (W) 104709 

Load losses (W) 19.8 'C 404500 

Winding resistance 22.0 'C 

HV winding( ohm) H 1-X1 ,H2-X2,H3-X3 0.1092648 0 .1091520 0.1091134 

LV winding( ohm) x1-Hoxo.X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Ou·~~ut daia 

Copper loss at 20 'C 251179.5 (W) at 85 'C 315579.4 (W) 

Stray loss at 20 'C 153320.5 (W) at 85 ·c 122032.6 (W) 

Load loss at 85 ·c 437612.0 (W) 

% Resistance voltage drop at 85 ·c 0.109 (%) 

% Reactance voltage drop at 85 'C 7.818 (%) 

% Impedance voltage drop at 85 ·c 7.819 (%) 

Caiculatkm of afi'icie!'lcy ( Pr- : ·LO ) 

Load factor 1.25 99.844 (%) Load factor 0.60 99 .892 (%) 

Load factor 1.10 99.857 (%) Load factor 0.50 99.894 (%) 

Load factor 1.00 99.866 (%) Load factor 0.40 99.892 (%) 

Load factor 0.90 99.874 (%) Load factor 0.30 99.881 (%) 

Load factor 0.80 99.881 (%) Load factor 0.25 99.869 (%) 

Load factor 0.75 99.884 (%) Load factor 0.20 99.849 (%) 

Ceii ~cu!a·iicn of vo!tags rgguiat:on 

Power factor 1.00 0.414 (%) Power factor 0.70 5.805 (%) 

Power factor 0.95 2.818 (%) Power factor 0.65 6.137 (% ) 

Power factor 0.90 3.750 (%) Power factor 0.60 6.425 (%) 

Power factor 0.85 4.428 (%) Power factor 0.55 6.677 (%) 

Power factor 0.80 4.969 (%) Power factor 0.50 6.898 (%) 

Power factor 0.75 5.420 (%) Power factor 0.25 7.614 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



A HYUNDAI 
HEAVY INDUSTRIES C0..1.11>. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

lnpu~ data 

Capacity (kVA) 

TC1p :;>ositior. 

HV /LV 

HV /LV 

19.8 ·c 
22.0 ·c 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Load losses (W) 

Winding resistance 

HV winding( ohm) H1-X1 ,H2-X2,H3-X3 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Output da~a 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Ca1cufct'iion c ·i efficie;icy (PF : 1 . . ) 

Load factor 1.25 99.843 (%) 

Load factor 1.10 99.857 (%) 

Load factor 1.00 99.865 (%) 

Load factor 0.90 99.873 (%) 

Load factor 0.80 99.881 (%) 

Load factor 0.75 99.884 (%) 

Ca!cu:etlon of vclta~s regulafa>n 

Power factor 1.00 0.397 (%) 

Power factor 0.95 2.730 (%) 

Power factor 0.90 3.636 (%) 

Power factor 0.85 4.294 (%) 

Power factor 0.80 4.821 (%) 

Power factor 0.75 5.259 (%) 

Date of Test 2013. 02. 22 

HV/LV 5/1l. 

403000 

327750 

709.9 

24874 

104709 

407927 

138292 

1682.5 

20 ·c 
20 ·c 
85 ·c 

85 ·c 
85 ·c 
85 ·c 

0.1040834 

0.0328819 

248069.5 

159857.5 

438907.6 

0.109 

7.589 

7.589 

Load factor 

Load factor 

Load factor 

Load factor 

Load factor 

Load factor 

Power factor 

Power factor 

Power factor 

Power factor 

Power factor 

Power factor 

!rested by 

0.1039766 

0.0328580 

0.1039184 

0 .0325690 

(W) at 85 ·c 311672.0 

(W) at 85 ·c 127235.6 

(W) 

(%) 

(%) 

(%) 

0.60 99.891 (%) 

0.50 99.894 (%) 

0.40 99.892 (%) 

0.30 99.881 (%) 

0.25 99.869 (%) 

0.20 99.849 (%) 

0.70 5.633 (%) 

0.65 5.955 (%) 

0.60 6.236 (%) 

0.55 6.481 (%) 

0.50 6.695 (%) 

0.25 7.391 (%) 

J. C. Song 
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A.HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 672 MVA base 

at 60 Hz and 19.8 "C, (HV) side connection, (LV) side short circuit. 

Tap No. 
(HV/LV) 

1/1 L 

2/1L 

3/1L 

4/1L 

5/1L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

1071.0 

1097.1 

1124.6 

1153.4 

1183.8 

I Test 

1071.2 

1097.9 

1124.7 

1153.8 

1183.9 

Impedance 

Volt(V) 

50940 

48213 

45674 

43518 

41396 

I % at 8s t 
14.062 

13.634 

13.239 

12.937 

12.631 

Serial No. 
20120871 TKE001 

Load losses (W) 

at 19.a t I 
1121665 

1114711 

1116690 

1136662 

1143038 

at 85 °C 

1224557 

1215879 

1214051 

1226295 

1227388 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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034 

HYUNDAI Measurement of Load losses & Serial No. 

M~l lNoosrnlE!. CO.,LTD. impedance voltage 20120871TKE001 

LVTap No.: 1L 
672 MVA BASE 

Supply: HV Short: LV Open : TV Oil temp. 19.8 ·c 

Tap No. : 1 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1071.0 A 1071.0 A V1 29496 v P1 360861 w 
12 1071.0 A 1071.5A V2 29366 v P2 .349349 w 
13 1071.0 A 1070.9 A V3 29368 v P3 411455 w 
I avg 1071.0 A 1071.2 A Vavg 29410 v Pt 1121665 w 

Tap No. : 2 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1097.1 A 1097.9 A V1 27922 v P1 358480 w 
12 1097.1 A 1098.4 A V2 27795 v P2 351286 w 
13 1097.1 A 1097.5 A V3 27791 v P3 404945 w 
I avg 1097.1 A 1097.9 A Vavg 27836 v Pt '1 114711 w 

f' 

Tap No. : 3 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1124.6 A 1124.3 A V1 26450 v P1 359824 w 
12 1124.6 A 1125.2 A V2 26329 v P2 353128 w 
l3 1124.6 A 1124.5 A V3 26332 v P3 403738 w 
I avg 1124.6 A 1124.7A Vavg 26370 v Pt 1116690 w 

Tap No. : 4 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1153.4 A 1153.5 A V1 25202 v P1 356861 w \' 

12 1153.4 A 1154.3 A V2 25089 v P2 365308 w 
13 1153.4 A 1153.7 A V3 25084 v P3 414493 w 
I avg 1153.4 A 1153.8 A Vavg 25125 v Pt 1136662 w 

Date of Test 2013.02. 22 !rested by J. C. Song 



LVTap No: 1L 

Measurement of Load losses & 
impedance voltage 

672 MVABASE 

Supply : HV Short : LV Open : TV 

Tap No. : 5 

Rated current Test current 
Impedance voltage (rms) 

Phase to Ground 

11 1183.8 A 1183.5 A V1 23975 v 
12 1183.8 A 1184.4 A V2 23867 v 
l3 1183.8 A 1183.6 A V3 23859 v 
I avg 1183.8 A 1183.9 A Vavg 23900 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 ·c 

Losses 

P1 355782 W 

P2 369522 W 

P3 417734 W 

Pt 1143038 W 

Date of Test 2013. 02.22 !Tested by J. C. Song 
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~HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871 TKE001 

lnpu~ datz Tap position HVILV 1 /i ._ 

Capacity (kVA) 672000 

Rated voltage (V) HV /LV 362250 138070 

Rated current (A) HV /LV 1071.0 I 2810.0 

Impedance voltage (V) 50940 

No-load losses (W) 104709 

Load losses (W) 19.8 oc 1121665 

Winding resistance 22.0 oc 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1249022 0.1247599 0.1247610 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Output data 

Copper loss at 20 ·c 720561.9 (W) at 85 ·c 905306.8 (W) 

Stray loss at 20 oc 401103.1 (W) at 85 ·c 319250.5 (W) 

Load loss at 85 oc 1224557.3 (W) 

% Resistance voltage drop at 85 ·c 0.182 (%) 

% Reactance voltage drop at 85 oc 14.061 (%) 

% Impedance voltage drop at 85 oc 14.062 (%) 

Ca!cu!at!on of efficiency ( PF: v :· ) 

Load factor 1.25 99.760 (%) Load factor 0.60 99.865 (%) 

Load factor 1.10 99.786 (%) Load factor 0.50 99.878 (%) 

Load factor 1.00 99.803 (%) Load factor 0.40 99.888 (%) 

Load factor 0.90 99.819 (%) Load factor 0.30 99.894 (%) 

Load factor 0.80 99.835 (%) Load factor 0.25 99.892 (%) 

Load factor 0.75 99.843 (%) Load factor 0.20 99.886 (%) 

Ca.lcu!~~icn oi vcltage :-egulat:on 

Power factor 1.00 1.171 (%) Power factor 0.70 10.641 (%) 

Power factor 0.95 5.448 (%) Power factor 0.65 11.209 (%) 

Power factor 0.90 7.084 (%) Power factor 0.60 11.702 (%) 

Power factor 0.85 8.265 (%) Power factor 0.55 12.131 (%) 

Power factor 0.80 9.203 (%) Power factor 0.50 12.504 (%) 

Power factor 0.75 9.981 (%) Power factor 0.25 13.716 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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A HYUNDAI Calculation of load losses and Serial No. 

HEAVY INDUSTRIES CO..LTO. characteristics 20120871 TKE001 

Input data Tap position HV/LV 2/1L 

Capacity (kVA) 672000 

Rated voltage (V) HV /LV 353625 I 138121 

Rated current (A) HV /LV 1097.1 I 2809.0 

Impedance voltage (V) 48213 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 1114711 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1196655 0 .1195434 0.1195302 

LV winding( ohm) X1-HOXD,X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Cut::>ut riata 

Copper loss at 20 ·c 713734.2 {W) at 85 ·c 896728 .6 (W) 

Stray loss at 20 ·c 400976.8 (W) at 85 ·c 319149.9 (W) 

Load loss at 85 ·c 1215878.5 (W) 

% Resistance voltage drop at 85 ·c 0.181 (%) 

% Reactance voltage drop at 85 ·c 13.633 (%) 

% Impedance voltage drop at 85 ·c 13.634 (%) 

Calculation of af fic:encl' ( ?~: .. r. .. \. ) 

Load factor 1.25 99.762 (%) Load factor 0.60 99.866 (%) 

Load factor 1.10 99.787 {%) Load factor 0.50 99.879 {%) 

Load factor 1.00 99.804 {%) Load factor 0.40 99.889 {%) 

Load factor 0.90 99.820 {%) Load factor 0.30 99.894 {%) 

Load factor 0.80 99.836 {%) Load factor 0.25 99.893 (%) 

Load factor 0.75 99.844 {%) Load factor 0.20 99.886 (% } 

Cc:icul2~lcn of vol'lage re·du:ation 

Power factor 1.00 1.110 (%} Power factor 0.70 10.306 (%} 

Power factor 0.95 5.260 (%) Power factor 0.65 10.858 (%} 

Power factor 0.90 6.848 (%} Power factor 0.60 11.338 (% } 

Power factor 0.85 7.996 (%} Power factor 0.55 11.755 (%} 

Power factor 0.80 8.908 (%} Power factor 0.50 12.119(%) 

Power factor 0.75 9.664 (%) Power factor 0.25 13.298 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871 TKE001 

lnpui data "fap position HVll . .V 3/1L 

Capacity (kVA) 672000 

Rated voltage (V) HV /LV 345000 I 138175 

Rated current (A) HV /LV 1124.6 I 2807.9 

Impedance voltage (V} 45674 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 1116690 

Winding resistance 22.0 'C 

HV winding( ohm} H1-X1 ,H2-X2,H3-X3 0.1144483 0.1143317 0.1143075 

L v winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Output tia!a 

Copper loss at 20 ·c 706343.8 (W} at 85 'C 887443.3 (W} 

Stray loss at 20 ·c 410346.2 (W) at 85 ·c 326607.3 (W) 

Load loss at 85 ·c 1214050.7 (W) 

% Resistance voltage drop at 85 ·c 0.181 (% ) 

% Reactance voltage drop at 85 ·c 13.238 (%) 

% Impedance voltage drop at 85 ·c 13.239 (% ) 

Ca!cula'i:io~ of affic~ericy ( PF: 1 .:) ) 

Load factor 1.25 99.762 (%) Load factor 0.60 99.866 (%) 

Load factor 1.10 99.788 (%) Load factor 0.50 99.879 (%) 

Load factor 1.00 99.804 (%) Load factor 0.40 99.889 (%) 

Load factor 0.90 99.820 (%) Load factor 0.30 99.894 (%) 

Load factor 0.80 99.836 (%) Load factor 0.25 99.893 (%) 

Load factor 0.75 99.844 (%) Load factor 0.20 99.886 (%) 

Cc:~cu :a~ion of v~!tage regulation 

Power factor 1.00 1.057 (%) Power factor 0.70 9 .998 (%) 

Power factor 0.95 5.089 (%) Power factor 0.65 10.536 (%) 

Power factor 0.90 6.633 (%) Power factor 0.60 11 .003 (%) 

Power factor 0.85 7.749 (%) Power factor 0.55 11.409 (%) 

Power factor 0.80 8.637 (%) Power factor 0.50 11.763 (%} 

Power factor 0.75 9.373 (%) Power factor 0.25 12.912 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



.HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

Input data 

Capacity (kVA} 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tai' position 

HV I LV 

HV I LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1,H2-X2.H3-X3 

LV winding( ohm} X1-HOXO,X2-HOXO,X3-HOXO 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Ca:ci..:l<iiion o'f efficiency {PF: ·~ ~·I 
~ . "" } 

Load factor 1.25 99.760 (%) 

Load factor 1.10 99.786 (%) 

Load factor 1.00 99.802 (%) 

Load factor 0.90 99.819 (%) 

Load factor 0.80 99.835 (%) 

Load factor 0.75 99.843 (%) 

Cai~u!G!tion of vo!~ay~ regd2tion 

Power factor 1.00 1.019 (%) 

Power factor 0.95 4.961 (%) 

Power factor 0.90 6.472 (%) 

Power factor 0.85 7.564 (%) 

Power factor 0.80 8.432 (%) 

Power factor 0.75 9.152(%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 4/1 Q_ 

672000 

336375 I 138232 

1153.4 2806.7 

43518 

104709 

1136662 

0.1092648 0.1091520 0.1091134 

0.0328819 0.0328580 0.0325690 

·c 698413.5 (W) at 85 ·c 877479.8 (W} 

·c 438248.5 (W) at 85 ·c 348815.6 (W) 

·c 1226295.4 (W) 

·c 0.182 (%} 

·c 12.936 (%) 

·c 12.937 (%) 

Load factor 0.60 99.865 (%} 

Load factor 0.50 99.878 (%) 

Load factor 0.40 99.888 (%} 

Load factor 0.30 99.893 (%) 

Load factor 0.25 99.892 (%) 

Load factor 0.20 99.886 (%) 

Power factor 0.70 9.764 (%) 

Power factor 0.65 10.291 (%) 

Power factor 0.60 10.748 (%) 

Power factor 0.55 11.147 (%) 

Power factor 0.50 11.493 (%) 

Power factor 0.25 12.618 (%) 

!Tested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871TKE001 

Input C:a~e Tap position HV/LV 5/1l 

Capacity (kVA) 672000 

Rated voltage (V) HV I LV 327750 I 138292 

Rated current (A) HV I LV 1183.8 I 2805.5 

Impedance voltage (V) 41396 

No-load losses (W) 104709 

Load losses {W) 19.8 ·c , 143038 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1040834 0.1039766 0.1039184 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0328819 0.0328580 0.0325690 

Out;rnt da~a 

Copper loss at 20 ·c 689766.0 (W) at 85 ·c 866615.1 (W) 

Stray loss at 20 ·c 453272.0 (W) at 85 ·c 360773.3 (W) 

Load loss at 85 ·c 1227388.5 (W) 

% Resistance voltage drop at 85 'C 0.183 (%) 

% Reactance voltage drop at 85 ·c 12.629 (%) 

% Impedance voltage drop at 85 'C 12.631 (%) 

Calcu!a·~ior: o'f sfi'ic!ency (PF: 1 .~ ) 

Load factor 1.25 99.760 (%) Load factor 0.60 99.865 (%) 

Load factor 1.10 99.785 (%) Load factor 0.50 99.878 (%) 

Load factor 1.00 99.802 (%) Load factor 0.40 99.888 (%) 

Load factor 0.90 99.819 (%) Load factor 0.30 99.893 (%) 

Load factor 0.80 99.835 (%) Load factor 0.25 99.892 (%) 

Load factor 0.75 99.842 (%) Load factor 0.20 99.886 (%) 

Calcu~aticn of vo!tage ragu:2tion 

Power factor 1.00 0.980 (%) Power factor 0.70 9.526 (%) 

Power factor 0.95 4.830 (%) Power factor 0.65 10.042 (%) 

Power factor 0.90 6.306 (%) Power factor 0.60 10.489 (%) 

Power factor 0.85 7.374 (%) Power factor 0.55 10.879 (% ) 

Power factor 0.80 8.223 (%) Power factor 0.50 11.218 (%) 

Power factor 0.75 8.928 (%) Power factor 0.25 12.318 (%) 

Date of Test 2013. 02. 22 !rested by J . C. Song 



HYUNDAI 
HEAVY INOUSTlllES CO..ll'D. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 403 MVA base 

at 60 Hz and 19.8 "C, (HV) side connection, (LV) side short circu it. 

Tap No. 
(HV/LV) 

1/16R 

2/16R 

3/16R 

4/16R 

5/16R 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

642.3 

658.0 

674.4 

691.7 

709.9 

I Test 

642.7 

658.2 

674.8 

692.2 

710.7 

Correction on 535 MVA base 

Tap No. 
(HV/LV) 

1/16R 

2/16R 

3/16R 

4/16R 

5/16R 

Rated 
Voltage{V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

852.7 

873.5 

895.3 

918.3 

942.4 

I Test 

Impedance 

Volt(V) 

32393 

30631 

29046 

27548 

26149 

I % at 85 °c 
8.942 

8.662 

8.419 

8.190 

7.978 

Impedance 

Volt(V) 

43003 

40664 

38560 

36572 

34714 

I % at 85 ·c 
11.871 

11.499 

11.177 

10.872 

10.592 

Serial No. 
20120871TKE001 

Load losses (W) 

at19.a t I 
405050 

398703 

398481 

401388 

403568 

at 85 ·c 
434009 

428066 

426911 

428167 

428733 

Load losses (W) 

at 19.8 t I at 85 ·c 
764886 

754410 

752376 

754589 

755587 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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HYUNDAI 
~ 11\loosmlES CO.,LTD. 

Measurement of Load losses & 
impedance voltage 

LVTapNo: 16R 

Supply : HV Short : LV Open : TV 

Tap No. : 1 

Rated current 

642.3 A 

642.3 A 

642.3 A 

642.3 A 

Tap No. : 2 

Rated current 

658.0 A 

658.0 A 

658.0 A 

658.0 A 

Tap No . . 3 

Rated current 

674.4 A 

674.4 A 

674.4 A 

674.4 A 

Tap No. : 4 

Rated current 

I avg 

691.7 A 

691.7 A 

691.7 A 

691.7 A 

Test current 

642.9 A 

643.2 A 

641.9 A 

642.7 A 

Test current 

658.6 A 

658.7 A 

657.5 A 

658.2 A 

Test current 

675.1 A 

674.9 A 

674.5 A 

674.8 A 

Test current 

692.5 A 

692.4 A 

691.9 A 

692.2 A 

403 MVA BASE 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

18758 v 
18699 v 
18648 v 
18702 v 

Impedance voltage (rms) 
Phase to Ground 

17718 v 
17692 v 
17644 v 
17685 v 

Impedance voltage (rms) 
Phase to Ground 

16814 v 

16714 v 
16783 v 
16770 v 

Impedance voltage (rms) 
Phase to Ground 

15947 v 
15852 v 
15917 v 
15905 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 "C 

Losses 

134736 w 
124373 w 

145941 w 
405050 w 

Losses 

133791 w 
123395 w 
14151 7 w 
398703 w 

Losses 

132233 w 
124910 w 
141338 w 
398481 w 

Losses 

130417 w 
127714 w 
143257 w 
401388 w 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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~HYUNDAI 
N~IP~DU5119!$ CO.,Ll'D. 

LV Tap No : 16R 

Measurement of Load losses & 
impedance voltage 

403MVA BASE 

Supply : HV Short : LV Open : TV 

Tap No. : 5 

Rated current 

I avg 

709.9 A 

709.9 A 

709.9 A 

709.9 A 

Test current 

710.5 A 

71 1.1 A 

710.5 A 

710.7 A 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

15142 v 
15068 v 
15082 v 
15097 v 

Serial No. 
20120871TKE001 

Oil temp. 19.8 "C 

Losses 

130017 w 
130335 w 
143216 w 
403568 w 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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i&HYUNDAI 
HEAVY INDUSTRIES CC>..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

Input data 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap position 

HV I LV 

HV /LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 .H2-X2.H3-X3 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Cutp 1..:t dai:a 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Cal.:u~ation of effidar.cy (PF : "i ~~ ' _ .. .., 
I 

Load factor 1.25 99.845 (%) 

Load factor 1.10 99.858 (%) 

Load factor 1.00 99.867 (%) 

Load factor 0.90 99.874 (%) 

Load factor 0.80 99.882 (%) 

Load factor 0.75 99.885 (%) 

Calcu:ation oi voltage regulaiion 

Power factor 1.00 0.507 (%) 

Power factor 0.95 3.252 (%) 

Power factor 0.90 4.314 (%) 

Power factor 0.85 5.086 (%) 

Power factor 0.80 5.702 (%) 

Power factor 0.75 6.215 (%) 

Date of Test 2013. 02. 22 

HV/LV 1/16R 

403000 

362250 I 152440 

642.3 I 1526.3 

32393 

104709 

405050 

0.1249022 0.1247599 0.1247610 

0.0387254 0.0384744 0.0380093 

20 "C 242404.9 (W) at 85 ·c 304555.2 (W) 

20 ·c 162645.1 (W) at 85 ·c 129454.3 (W) 

85 ·c 434009.4 (W) 

85 ·c 0.108 (%) 

85 ·c 8.942 (%) 

85 "C 8.942 (%) 

Load factor 0.60 99.892 (%) 

Load factor 0.50 99.894 (%) 

Load factor 0.40 99.892 (%) 

Load factor 0.30 99.881 (%) 

Load factor 0.25 99.869 (%) 

Load factor 0.20 99.849 (%) 

Power factor 0.70 6.652 (%) 

Power factor 0.65 7.029 (%) 

Power factor 0.60 7.357 (%) 

Power factor 0.55 7.643 (%) 

Power factor 0.50 7.893 (%) 

Power factor 0.25 8.707 (%) 

!Tested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 

HEAVY INDUSTRIES CO.,LTD. characteristics 20120871 TKE001 

lnpt..:~ data Tap position HV/L\J 2/16R 

Capacity (kVA) 403000 

Rated voltage (V) HV I LV 353625 I 152255 

Rated current (A) HV I LV 658.0 I 1528.2 

Impedance voltage (V) 30631 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 398703 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1196655 0.1195434 0.1195302 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387254 0.0384744 0.0380093 

Output data 

Copper loss at 20 ·c 240467.4 (W) at 85 ·c 302120.9 (W) 

Stray loss at 20 ·c 158235.6 (W) at 85 ·c 125944.6 (W) 

Load loss at 85 ·c 428065.5 (W) 

% Resistance voltage drop at 85 ·c 0.106 (%) 

% Reactance voltage drop at 85 ·c 8.662 (%) 

% Impedance voltage drop at 85 ·c 8.662 (%) 

Caiculai:ior. of ~'fficiency ( l':l f>. • ....... ·u: 
Load factor 1.25 99.847 (%) Load factor 0.60 99.893 (%) 

Load factor 1.10 99.860 (%) Load factor 0.50 99.895 (%) 

Load factor 1.00 99.868 (%} Load factor 0.40 99.893 (% ) 

Load factor 0.90 99.876 (%) Load factor 0.30 99.882 (%) 

Load factor 0.80 99.883 (%) Load factor 0.25 99.870 (%) 

Load factor 0.75 99.886 (%) Load factor 0.20 99.849 (%) 

Calcuiztion of voitasa regL!!ztion 

Power factor 1.00 0.481 (%) Power factor 0.70 6.439 (%) 

Power factor 0.95 3.141 (%) Power factor 0.65 6.805 (%) 

Power factor 0.90 4.171 (%) Power factor 0.60 7.124 (%) 

Power factor 0.85 4.920 (%) Power factor 0.55 7.402 (%) 

Power factor 0.80 5.518 (%) Power factor 0.50 7.644 (%) 

Power factor 0.75 6.015 (%) Power factor 0.25 8.434 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

!nput dat2 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap pcsition 

HV I LV 

HV /LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1,H2-X2,H3-X3 

L v winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Ou~put oaia 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

c~:culation of effl.t:iency (PF: ~.c ) 

Load factor 1.25 99.847 (%) 

Load factor 1.10 99.860 (%) 

Load factor 1.00 99.868 (%) 

Load factor 0.90 99.876 (%) 

Load factor 0.80 99.883 (%) 

Load factor 0.75 99.886 (%) 

Calculation of voHage regulation 

Power factor 1.00 0.460 (%) 

Power factor 0.95 3.047 (%) 

Power factor 0.90 4.049 (%) 

Power factor 0.85 4.777 (%) 

Power factor 0.80 5.358 (%) 

Power factor 0.75 5.843 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

l-IV/LV 3/16R 

403000 

345000 I 152062 

674.4 I 1530.1 

29046 

104709 

398481 

0.1144483 0.1143317 0.1143075 

0.0387254 0.0384744 0.0380093 

·c 238344.1 (W) at 85 ·c 299453.1 (W) 

·c 160136.9 (W) at 85 ·c 127458.0 (W) 

·c 426911.1 (W) 

·c 0.106 (%) 

·c 8.419 (%) 

·c 8.419 (%) 

Load factor 0.60 99.893 (%) 

Load factor 0 .50 99.895 (%) 

Load factor 0.40 99.893 (%) 

Load factor 0.30 99.882 (%) 

Load factor 0.25 99.870 (%) 

Load factor 0.20 99.849 (%) 

Power factor 0.70 6.256 (%) 

Power factor 0.65 6.612 (%) 

Power factor 0.60 6.922 (%) 

Power factor 0.55 7.192 (%) 

Power factor 0.50 7.429 (%) 

Power factor 0.25 8.198 (%) 

!Tested by J. C. Song 
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HYUNDAI 
H£AVV INDUSTRIES CO..LlD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

Input data 

Capacity (kVA) 

Tap position 

Rated voltage (V) HV I L V 

Rated current (A) HV I LV 

Impedance voltage (V) 

No-load losses (W) 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Output dai:a 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

C2!cuiation of efficiency (PF : ·:.rj 
Load factor 1.25 99.847 (%) 

Load factor 1.10 99.860 (%) 

Load factor 1.00 99.868 (%) 

Load factor 0.90 99.876 (%) 

Load factor 0.80 99.883 (%) 

Load factor 0.75 99.886 (%) 

Calculation of voltage regulation 

Power factor 1.00 0.442 (%) 

Power factor 0.95 2.958 (%) 

Power factor 0.90 3.933 (%) 

Power factor 0.85 4.643 (%) 

Power factor 0.80 5.209 (%) 

Power factor 0.75 5.681 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 4/16R 

403000 

336375 I 151859 

691.7 I 1532.2 

27548 

104709 

401388 

0.1092648 0.1091520 0.1091134 

0.0387254 0.0384744 0.0380093 

·c 236046.0 (W) at 85 ·c 296565.9 (W) 

·c 165342.0 (W) at 85 ·c 131600.8 (W) 

·c 428166.7 (W) 

·c 0.106 (%) 

·c 8.189 (%) 

·c 8.190 (%) 

Load factor 0.60 99.893 (%) 

Load factor 0.50 99.895 (%) 

Load factor 0 .40 99.893 (%) 

Load factor 0.30 99.882 (% ) 

Load factor 0.25 99.870 (%) 

Load factor 0.20 99.849 (%) 

Power factor 0 .70 6.083 (%) 

Power factor 0.65 6.430 (%) 

Power factor 0.60 6.732 (%) 

Power factor 0.55 6.995 (%) 

Power factor 0.50 7.225 (%) 

Power factor 0 .25 7.975 (%) 

!rested by J. C. Song 
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& HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTlllES CO..LlD. characteristics 20120871TKE001 

Gnput data Tap positicn HV/LV 5/16R 

Capacity (kVA) 403000 

Rated voltage (V) HV /LV 327750 I 151646 

Rated current (A) HV /LV 709.9 I 1534.3 

Impedance voltage (V) 26149 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 403568 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1040834 0.1039766 0.1039184 

L V winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387254 0.0384744 0.0380093 

Output C:a~a 

Copper loss at 20 'C 233508.1 (W) at 85 ·c 293377.2 (W) 

Stray loss at 20 'C 170059.9 (W) at 85 "C 135356.0 (W) 

Load loss at 85 ·c 428733.2 (W) 

% Resistance voltage drop at 85 ·c 0 .106 (%) 

% Reactance voltage drop at 85 ·c 7.978 (%) 

% Impedance voltage drop at 85 ·c 7.978 (%) 

Calculat!or. of e~icien~y ( ?F: 1.C ) 

Load factor 1.25 99.846 (%) Load factor 0.60 99.893 (%) 

Load factor 1.10 99.860 (%) Load factor 0.50 99.895 (%) 

Load factor 1.00 99.868 (%) Load factor 0.40 99.893 (%) 

Load factor 0.90 99.876 (%) Load factor 0.30 99.882 (%) 

Load factor 0.80 99.883 (%) Load factor 0.25 99.870 (%) 

Load factor 0.75 99.886 (%) Load factor 0.20 99.849 (%) 

Ca!cula.tion of voltage regulation 

Power factor 1.00 0.425 (%) Power factor 0.70 5.923 (%) 

Power factor 0 .95 2.877 (%) Power factor 0.65 6.262 (%) 

Power factor 0.90 3.828 (%) Power factor 0.60 6.556 (%) 

Power factor 0.85 4 .519 (%) Power factor 0.55 6.814 (%) 

Power factor 0.80 5.071 (%) Power factor 0.50 7.038 (%) 

Power factor 0.75 5.531 (%) Power factor 0.25 7.769 (%) 

Date of Test 2013. 02. 22 jTested by J. C. Song 



,&HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 672 MVA base 

at 60 Hz and 19.8 'C, (HV) side connection, (LV) side short circuit. 

Tap No. 
(HV/LV) 

1/16R 

2/16R 

3/16R 

4/16R 

5/16R 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

1071.0 

1097.1 

1124.6 

1153.4 

1183.8 

I Test 

1071.0 

1097.3 

1125.7 

1154.5 

1184.4 

Impedance 

Volt(V) 

53879 

50907 

48246 

45825 

43514 

I % at as 0c 
14.874 

14.396 

13.985 

13.623 

13.277 

Serial No. 
20120871TKE001 

Load losses (W) 

at 19.s t I 
1141183 

1125571 

1129081 

1131373 

1134211 

at 85 °C 

1218660 

1203753 

1203828 

1202710 

1201719 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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HYUNDAI Measurement of Load losses & Serial No. 

HWiWY D.!DU'SiiUES CO.,LTD. impedance voltage 20120871 TKE001 

672 MVABASE 
LV Tap No: 16R 

Supply: HV Short : LV Open : TV Oil temp. 19.8 'C f 

Tap No. : 1 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1071.0A 1071.4A V1 31214 v P1 379715 w 
12 1071.0A 1071.9A V2 31071 v P2 351038 w 
l3 1071.0A 1069.8 A V3 31037 v P3 410430 w 
I avg 1071.0A 1071.0A Vavg 31107V Pt 1141183 w 

Tap No. : 2 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1097.1 A 1097.8 A V1 29498 v P1 377241 w f 

12 1097.1 A 1098.1 A V2 29355 v P2 350010 w 
l3 1097.1 A 1096.0 A V3 29321 v P3 398320 w 
I avg 1097.1 A 1097.3 A Yavg 29391 v Pt 1125571 w 

Tap No. : 3 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 1124.6 A 1126.1 A V1 27961 v P1 374312 w 
12 1124.6 A 1125.9 A V2 27793 v P2 354293 w 
l3 1124.6 A 1125.2 A V3 27812 v P3 400476 w 
I avg 1124.6 A 1125.7 A Vavg 27855 v Pt 1129081 w 

Tap No. : 4 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

I, 1153.4 A 1154.8 A V1 26561 v P1 368153 w 
12 1153.4 A 1154.8 A V2 26401 v P2 360869 w 
l3 1153.4 A 1153.9 A V3 26408 v P3 402351 w 
I avg 1153.4 A 1154.5 A Yavg 26457 v Pt 1131373 w 

Date of Test 2013. 02.22 !rested by J. C. Song 



& HYUNDAI 
Hl!P-.llV INOUS'iRJES CO..tm. 

Measurement of Load losses & 
impedance voltage 

LV Tap No: 16R 

Supply: HV Short: LV Open: TV 

Tap No. : 5 

Rated current 

11 1183.8 A 

12 1183.8 A 

l3 1183.8 A 

lavg 1183.8 A 

Test current 

1184.0 A 

1185.1 A 

1184.2 A 

1184.4 A 

672 MVA BASE 

Impedance voltage {rms) 
Phase to Ground 

25204 v 
25080 v 
25085 v 
25123 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 'C 

Losses 

365408 w 
366751 w 
402052 w 

1134211 w 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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... HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

:npui data 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap position 

HV /LV 

HV /LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm} H1-X1 ,H2-X2,H3-X3 

LV winding( ohm} X1-HOXO,X2-HOXO,X3-HOXO 

Out!-Jut dafa 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calcula~ior. o1 efficj6ncy ( ~F: 1.D ) 

Load factor 1.25 99.761 (%) 

Load factor 1.10 99.787 (%) 

Load factor 1.00 99.803 (%) 

Load factor 0.90 99.820 {%) 

Load factor 0.80 99.836 (%) 

Load factor 0.75 99.843 (%) 

Cc.;!cuia~ion o·? vol·~age ;eguiation 

Power factor 1.00 1.287 (%) 

Power factor 0.95 5.806 (%) 

Power factor 0.90 7.531 (%) 

Power factor 0.85 8.776 (%) 

Power factor 0.80 9.763 (%) 

Power factor 0.75 10.582 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/lV 1/16R 

672000 

362250 I 152440 

1071.0 I 2545.1 

53879 

104709 

1141 183 

0.1249022 0.1247599 0.1247610 

0.0387254 0.0384744 0.0380093 

·c 674015.6 (W) at 85 ·c 846826.5 (W) 

·c 467167.4 (W) at 85 ·c 371833.1 (W) 

·c 1218659.6 (W) 

·c 0.181 (%) 

·c 14.872 (%) 

·c 14.874 (%) 

Load factor 0.60 99.865 (%) 

Load factor 0.50 99.878 (%) 

Load factor 0.40 99.889 (%) 

Load factor 0.30 99.894 (%) 

Load factor 0.25 99.892 (%) 

Load factor 0.20 99.886 (%) 

Power factor 0.70 11.277 (%) 

Power factor 0.65 11.874 (%) 

Power factor 0.60 12.392 (%) 

Power factor 0.55 12.843 (%) 

Power factor 0.50 13.236 (%) 

Power factor 0.25 14.508 (%) 

jTested by J. C. Song 
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£ HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

!nput data 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap position 

HV /LV 

HV /LV 

Load losses {W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding(ohm) H1-X1,H2-X2,H3-X3 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Outpu'~ data 

Copper loss at 

Stray loss at 

Load loss at 

. % Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calcui:Jiion of afflc:ency (Pr: 1.C ) 

Load factor 1.25 99.764 (%) 

Load factor 1.10 99.789 (%) 

Load factor 1.00 99.806 (%) 

Load factor 0.90 99.822 (%) 

Load factor 0.80 99.837 (%) 

Load factor 0.75 99.845 (%) 

Calculaticn or volh19a regu!etion 

Power factor 1.00 1.215(%) 

Power factor 0.95 5.592 (%) 

Power factor 0.90 7.265 (%) 

Power factor 0.85 8.472 (%) 

Power factor 0.80 9.431 (%) 

Power factor 0.75 10.226 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

iW/LV 2/16R 

672000 

353625 I 152255 

1097.1 I 2548.2 

50907 

104709 

1125571 

0.1196655 0.1195434 0.1195302 

0.0387254 0.0384744 0.0380093 

·c 668628.2 (W) at 85 ·c 840057.8 (W) 

·c 456942.8 (W) at 85 ·c 363695.0 (W) 

·c 1203752.8 (W) 

·c 0.179 (%) 

·c 14.395 (%) 

·c 14.396 (%) 

Load factor 0.60 99.867 (%) 

Load factor 0.50 99.879 (%) 

Load factor 0.40 99.890 (%) 

Load factor 0.30 99.894 (%) 

Load factor 0.25 99.893 (%) 

Load factor 0.20 99.886 (%) 

Power factor 0.70 10.900 (%) 

Power factor 0.65 11.481 (%) 

Power factor 0.60 11 .984 (%) 

Power factor 0.55 12.422 (%) 

Power factor 0.50 12.804 (%) 

Power factor 0.25 14.041 (%) 

!rested by J. C. Song 
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A.HYUNDAI 
HEAVY INDUSTAIES CO.LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap poeition 

HV I LV 

HV I LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 .H2-X2,H3-X3 

L v winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Output ::la~a 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

C;!lculation of ef?iciem:y (Pt~ ; ~ .v ) 

Load factor 1.25 99.764 (%) 

Load factor 1.10 99.789 (%) 

Load factor 1.00 99.806 (%) 

Load factor 0.90 99.822 (%) 

Load factor 0.80 99.837 (%) 

Load factor 0.75 99.845 (%) 

CalcL:laticn oi vo!tage reg:.i !a~ion 

Power factor 1.00 1.157 (%) 

Power factor 0.95 5.411 (%) 

Power factor 0.90 7.039 (%) 

Power factor 0.85 8.214 (%) 

Power factor 0.80 Q.147(%) 

Power factor 0.75 9.921 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

~lV/"..V 3/16R 

672000 

345000 I 152062 

1124.6 I 2551.5 

48246 

104709 

1129081 

0.1144483 0.1143317 0.1143075 

0.0387254 0.0384744 0.0380093 

·c 662724.2 (W) at 85 °C 832640.1 (W) 

·c 466356.8 (W) at 85 ·c 371187.9 (W) 

°C 1203828.0 (W) 

·c 0.179 (%) 

·c 13.983 (%) 

·c 13.985 (%) 

Load factor 0.60 99.867 (%) 

Load factor 0.50 99.879 (%) 

Load factor 0.40 99.890 (%) 

Load factor 0.30 99.894 (%) 

Load factor 0.25 99.893 (%} 

Load factor 0.20 99.886 (%) 

Power factor 0.70 10.578 (%) 

Power factor 0.65 11.144 (%) 

Power factor 0.60 11 .634 (%) 

Power factor 0.55 12.061 (%) 

Power factor 0.50 12.433 (%) 

Power factor 0.25 13.639 (%) 

jTested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO.,UO. characteristics 20120871TKE001 

:nput da~a Tap position 4/16R 

Capacity (kVA) 672000 

Rated voltage (V) HV I LV 336375 I 151859 

Rated current (A) HV /LV 1153.4 I 2554.9 

Impedance voltage (V) 45825 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 1131373 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1092648 0.1091520 0.1091134 

LV winding(ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387254 0.0384744 0.0380093 

Ou1put data 

Copper loss at 20 ·c 656334.3 (W) at 85 ·c 824612.0 (W) 

Stray loss at 20 ·c 475038.7 (W) at 85 ·c 378098.1 (W) 

Load loss at 85 ·c 1202710.0 (W) 

% Resistance voltage drop at 85 ·c 0.1 79 (%) 

% Reactance voltage drop at 85 ·c 13.622 (%) 

% Impedance voltage drop at 85 ·c 13.623 (%) 

Calculation of efficiency ( !>F: V.i ) 

Load factor 1.25 99.764 (%) Load factor 0.60 99.867 (%) 

Load factor 1.10 99.789 (%) Load factor 0.50 99.879 (%) 

Load factor 1.00 99.806 (%) Load factor 0.40 99.890 (%) 

Load factor 0.90 99.822 (%) Load factor 0.30 99.894 (%) 

Load factor 0.80 99.838 (%) Load factor 0.25 99.893 (%) 

Load factor 0.75 99.845 (%) Load factor 0.20 99.886 (%) 

Ca:culaticn of voltag.a rsgL!ietion 

Power factor 1.00 1.107 (%) Power factor 0.70 10.296 (%) 

Power factor 0 .95 5.254 (%) Power factor 0.65 10.848 (%) 

Power factor 0 .90 6.841 (%) Power factor 0.60 11.327 (%) 

Power factor 0.85 7.987 (%) Power factor 0.55 11.745 (%) 

Power factor 0.80 8.899 (%) Power factor 0.50 12.108 (%) 

Power factor 0.75 9.654 (%) Power factor 0.25 13.287 (%) 

Date of Test 2013. 02. 22 !rested by J. c. Song 



056 

.A.HYUNDAI -Calculation of load losses and Serial No. 
HEAVY INDUSTRIES C0..IJ1). characteristics 20120871TKE001 

lnpu~ data Tap [:)OGition HV/LV 5/16R 

Capacity (kVA) 672000 

Rated voltage (V) HV /LV 327750 I 151646 

Rated current (A) HV /LV 1183.8 2558.5 

Impedance voltage (V) 43514 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 1134211 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1040834 0.1039766 0.1039184 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387254 0.0384744 0.0380093 

Otitput data 

Copper loss at 20 ·c 649277.5 (W) at 85 t 815745.8 (W) 

Stray loss at 20 ·c 484933.5 (W) at 85 ·c 385973.7 (W) 

Load loss at 85 ·c 1201719.5 (W) 

% Resistance voltage drop at 85 ·c 0.179 (%) 

% Reactance voltage drop at 85 ·c 13.276 (%) 

% Impedance voltage drop at 85 ·c 13.277 (%) 

Ca!culc:t!::-r. of effi:iency (PF : .: "'· I •" ) 

Load factor 1.25 99.765 (%) Load factor 0.60 99.867 (%) 

Load factor 1.10 99.790 (%) Load factor 0.50 99.880 (%) 

Load factor 1.00 99.806 (%) Load factor 0.40 99.890 (%) 

Load factor 0.90 99.822 (%) Load factor 0.30 99.895 (%) 

Load factor 0.80 99.838 (%) Load factor 0.25 99.893 (%) 

Load factor 0.75 99.845 (%) Load factor 0.20 99.886 (%) 

Calculat:on of voltage ;sgu~ation 

Power factor 1.00 1.060 (%) Power factor 0.70 10.026 (%) 

Power factor 0.95 5.103 (%) Power factor 0.65 10.566 (%) 

Power factor 0.90 6.652 (%) Power factor 0.60 11 .034 (%) 

Power factor 0.85 7.771 (%) Power factor 0.55 11.441 (%) 

Power factor 0.80 8.661 (%) Power factor 0.50 11 ._797 (%) 

Power factor 0.75 9.399 (%) Power factor 0.25 12.948 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 403 MVA base 

at 60 Hz and 19.8 'C, (HV) side connection, (LV) side short circuit. 

Tap No. 
(HV/LV) 

1/16L 

2/16L 

3/16L 

4/16L 

5/16L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

642.3 

658.0 

674.4 

691.7 

709.9 

I Test 

643.0 

658.8 

674.9 

692.3 

710.0 

Correction on 535 MVA base 

Tap No. 
(HV/LV) 

1/16L 

2/16L 

3/16L 

4/16L 

5/16L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current {A) 

Rated 

852.7 

873.5 

895.3 

918.3 

942.4 

I Test 

Impedance 

Volt(V) 

30082 

28513 

27055 

25887 

24657 

I % at 85 °c 
8.304 

8.063 

7.842 

7.696 

7.523 

Impedance 

Volt(V) 

39936 

37852 

35916 

34366 

32734 

I % at 85 °c 

11.025 

10.704 

10.411 

10.217 

9.988 

Serial No. 
20120871TKE001 

Load losses (W) 

at 19.8 t I 
481871 

477878 

478468 

483511 

481360 

at 85 "C 

534813 

529514 

527735 

529379 

525142 

Load losses (W) 

at 19.8 t I at 85 °C 

942539 

933200 

930066 

932962 

925495 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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LV Tap No : 16L 

Measurement of Load losses & 
impedance voltage 

403 MVABASE 

Serial No. 
20120871TKE001 

Supply: HV Short : LV Open: TV Oil temp. 19.8 "C 

Tap No. : 1 

Rated current 

I avg 

642.3 A 

642.3 A 

642.3 A 

642.3 A 

Tap No. : 2 

Rated current 

658.0 A 

658.0 A 

658.0 A 

658.0 A 

Tap No. : 3 

Rated current 

674.4 A 

674.4 A 

674.4 A 

674.4 A 

Tap No. : 4 

Rated current 

691.7 A 

691.7 A 

691.7 A 

691.7 A 

Date of Test 

Test current 

643.2 A 

643.5 A 

642.3 A 

643.0 A 

Test current 

659.0 A 

659.3 A 

658.1 A 

658.8 A 

Test current 

675.1 A 

675.0 A 

674.6 A 

674.9 A 

Test current 

692.0 A 

692.5 A 

692.3 A 

692.3 A 

2013. 02. 22 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

17429 v 
17350 v 
17325 v 
17368 v 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

16520 v 
16445 v 
16420 v 
16462 v 

Impedance voltage (rms) 
Phase to Ground 

15679 v 
15590 v 
15590 v 
15620 v 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

15002 v 
14946 v 
14891 v 
14946 v 

jrested by J. C. Song 

Losses 

158287 w 
149808 w 
173776 w 
481871 w 

Losses 

155636 w 
150488 w 
171754 w 

477878 w 

Losses 

153676 w 

151388 w 
173404 w 
478468 w 

Losses 

151094 w 

155724 w 
176693 w 
483511 w 
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LV Tap No: 16L 

Supply: HV Short: LV 

Tap No. : 5 

Rated current 

11 709.9 A 

12 709.9 A 

l3 709.9 A 

I avg 709.9 A 

Measurement of Load losses & 
impedance voltage 

403 MVA BASE 

Open: TV 

Test current 
Impedance voltage (rms) 

Phase to Ground 

709.8 A V; 14245 v 
710.3 A V2 14248 v 
709.9 A V3 14215 v 

710.0 A Vavg 14236 v 

Serial No. 
20120871TKE001 

OH temp. 19.8 ·c 

Losses 

P; 148329 W 

P2 155860 W 

P3 177171 W 

Pt 481360 W 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 

HEAVY INDUSTRIES CO.LTO. characteristics 20120871TKE001 

Input data Tap position HV/LV 1/16L 

Capacity (kVA) 403000 

Rated voltage (V) HV I LV 362250 I 123650 

Rated current (A) HV I LV 642.3 I 1881.7 

Impedance voltage (V) 30082 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 481871 

Winding resistance 22.0 ·c 
HV winding( ohm) H1 ·X1 ,H2·X2,H3-X3 0.1249022 0.1247599 0.1247610 

LV winding( ohm) X1-HDXD,X2-HDXD.X3-HDXD 0.0387164 0.0384668 0.0379835 

Output data 

Copper loss at 20 "C 328534.2 (W) at 85 ·c 412767.1 (W) 

Stray loss at 20 ·c 153336.8 (W) at 85 ·c 122045.5 (W) 

Load loss at 85 ·c 534812.7 (W) 

% Resistance voltage drop at 85 ·c 0.133 (%) 

% Reactance voltage drop at 85 ·c 8.303 (%) 

% Impedance voltage drop at 85 ·c 8.304 (%) 

Calculation of efficiency (PF: ·~ r , } ~ • •JI 

Load factor 1.25 99.814 (%) Load factor 0.60 99.877 (%) 

Load factor 1.10 99.831 (%) Load factor 0.50 99.882 (%) 

Load factor 1.00 99.842 (%) Load factor 0.40 99.882 (%) 

Load factor 0.90 99.852 (%) Load factor 0.30 99.874 (%) 

Load factor 0.80 99.862 (%) Load factor 0.25 99.863 (%) 

Load factor 0.75 99.866 (%) Load factor 0.20 99.844 (%) 

Calculation of voltage regulation 

Power factor 1.00 0.477 (%) Power factor 0.70 6.186 (%) 

Power factor 0.95 3.027 (%) Power factor 0.65 6.537 (%) 

Power factor 0.90 4.014 (%) Power factor 0.60 6.841 (%) 

Power factor 0.85 4.731 (%) Power factor 0.55 7.107 (%) 

Power factor 0.80 5.304 (%) Power factor 0.50 7.339 (%) 

Power factor 0.75 5.780 (%) Power factor 0.25 8.092 (%) 

Date of Test 2013. 02. 22 !rested by J . C. Song 



061 

HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871TKE001 

Input data Tap position HVILV 2/16L 

Capacity (kVA) 403000 

Rated voltage (V) HV I LV 353625 I 123893 

Rated current (A) HV I LV 658.0 I 1878 .0 

Impedance voltage (V) 28513 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 477878 

Winding resistance 22.0 "C 

HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1196655 0.1195434 0.1195302 

LV winding( ohm} X1-HOXO,X2-HOXO,X3-HOXO 0.0387164 0.0384668 0.0379835 

Output data 

Copper loss at 20 ·c 323928.4 (W) at 85 ·c 406980.4 (W) 

Stray loss at 20 ·c 153949.6 (W) at 85 ·c 122533.3 (W) 

Load loss at 85 ·c 529513.7 (W) 

% Resistance voltage drop at 85 ·c 0.131 (%) 

% Reactance voltage drop at 85 ·c 8.062 (%) 

% Impedance voltage drop at 85 "C 8.063 (%) 

Calculation of efficiency (PF: "i .r; ) 

Load factor 1.25 99.815 (%) Load factor 0.60 99.878 (%) 

Load factor 1.10 99.832 (%) Load factor 0.50 99.882 (%) 

Load factor 1.00 99.843 (%) Load factor 0.40 99.883 (%) 

Load factor 0.90 99.853 (%} Load factor 0.30 99.874 (%) 

Load factor 0.80 99.863 (%) Load factor 0.25 99.863 (%) 

Load factor 0.75 99.867 (%} Load factor 0.20 99.844 (%) 

Calculation of voltage regulation 

Power factor 1.00 0.456 (%) Power factor 0 .70 6.004 (%) 

Power factor 0.95 2.932 (%) Power factor 0.65 6.344 (%) 

Power factor 0.90 3.892 (%) Power factor 0.60 6.641 (%) 

Power factor 0.85 4.589 (%) Power factor 0.55 6.899 (%) 

Power factor 0.80 5.145 (%) Power factor 0.50 7.124 (%) 

Power factor 0.75 5.609 (%) Power factor 0 .25 7.857 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



062 

& HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSlRIES CO.LTD. characteristics 20120871 TKE001 

Input data Tap position HV/LV 3/16L 

Capadty (kVA) 403000 

Rated voltage (V) HV /LV 345000 I 124150 

Rated current (A) HV /LV 674.4 I 1874.1 

Impedance voltage (V) 27055 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 478468 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1,H2-X2,H3-X3 0.1144483 0.1143317 0.1143075 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387164 0.0384668 0.0379835 

Output data 

Copper loss at 20 ·c 319046.7 (W) at 85 ·c 400847.1 (W) 

Stray loss at 20 'C 159421.3 (W) at 85 ·c 126888.4 (W) 

Load loss at 85 'C 527735.5 (W) 

% Resistance voltage drop at 85 'C 0.131 (%) 

% Reactance voltage drop at 85 ·c 7.841 (%) 

% Impedance voltage drop at 85 ·c 7.842 (%) 

Calculation of efficiency (PF: i.O ) 

Load factor 1.25 99.816 (%) Load factor 0.60 99.878 (%) 

Load factor 1.10 99.833 {%) Load factor 0.50 99.883 (%) 

Load factor 1.00 99.843 {%) Load factor 0.40 99.883 (%} 

Load factor 0.90 99.853 (%} Load factor 0.30 99.874 (%) 

Load factor 0.80 99.863 (%) Load factor 0.25 99.864 {%) 

Load factor 0.75 99.867 (%} Load factor 0.20 99.844 (%) 

Calculation of voltage regulation 

Power factor 1.00 0.438 (%) Power factor 0.70 5.837 (%) 

Power factor 0.95 2.847 (%) Power factor 0.65 6.169 (%) 

Power factor 0.90 3.781 (%) Power factor 0.60 6.457 (%) 

Power factor 0.85 4.459 (%) Power factor 0.55 6.709 (%} 

Power factor 0.80 5.001 (%) Power factor 0.50 6.928 (%) 

Power factor 0.75 5.452 (%) Power factor 0.25 7.642 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



~HYUNDAI 
HEAVY INDUSTRIES CO..LlD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

input data 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap position 

HV/LV 

HV I LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 .H2-X2.H3-X3 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calculation of efficiency (PF : 1 ('. 
~ •V ) 

Load factor 1.25 99.815 (%} 

Load factor 1.10 99.832 (%) 

Load factor 1.00 99.843 (%} 

Load factor 0.90 99.853 (%) 

Load factor 0.80 99.863 (%) 

Load factor 0.75 99.867 (%) 

Calculation of voltage regulation 

Power factor 1.00 0.427 (%) 

Power factor 0.95 2.792 (%) 

Power factor 0.90 3.708 (%) 

Power factor 0.85 4.375 (%) 

Power factor 0.80 4.907 (%) 

Power factor 0.75 5.350 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 4/16L 

403000 

336375 I 124421 

691.7 I 1870.0 

25887 

104709 

483511 

0.1092648 0.1091520 0.1091134 

0.0387164 0.0384668 0.0379835 

·c 313898.9 (W) at 85 ·c 394379.4 (W) 

·c 169612.1 (W) at 85 t 134999.6 (W) 

·c 529379.0 (W) 

°C 0.131 (%) 

·c 7.695 (%) 

·c 7.696 (%) 

Load factor 0.60 99.878 (%} 

Load factor 0.50 99.882 (%) 

Load factor 0.40 99.883 (%) 

Load factor 0.30 99.874 (%) 

Load factor 0.25 99.863 (%) 

Load factor 0.20 99.844 (%) 

Power factor 0.70 5.727 (%) 

Power factor 0.65 6.053 (%) 

Power factor 0.60 6.337 (%) 

Power factor 0.55 6.584 (%) 

Power factor 0.50 6.799 (%) 

Power factor 0.25 7.500 (%) 

!rested by J. C. Song 
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HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

Input data 

Capacity (kVA) 

Tap position 

Rated voltage (V) 

Rated current (A) 

Impedance voltage {V) 

No-load losses (W) 

HV /LV 

HV I LV 

Load losses {W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1,H2-X2,H3-X3 

LV winding{ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calculation of efficiency (PF : .i f "".. 
: . 1.1 ) 

Load factor 1.25 99.817 (%) 

Load factor 1.10 99.833 (%} 

Load factor 1.00 99.844 (%) 

Load factor 0.90 99.854 (%) 

Load factor 0.80 99.863 (%) 

Load factor 0.75 99.868 (%} 

Calculation of voltage regulation 

Power factor 1.00 0.413 {%) 

Power factor 0.95 2.725 {%) 

Power factor 0.90 3.622 (%) 

Power factor 0.85 4.273 (%) 

Power factor 0.80 4.794 (%) 

Power factor 0.75 5.228 {%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 5/16L 

403000 

327750 I 124708 

709.9 I 1865.7 

24657 

104709 

481360 

0.1040834 0.1039766 0.1039184 

0.0387164 0.0384668 0.0379835 

·c 308414.9 (W) at 85 "C 387489.4 (W) 

·c 172945.1 (W) at 85 ·c 137652.4 (W) 

·c 525141.8 (W) 

·c 0.130 (%) 

·c 7.522 (%) 

·c 7.523 (%) 

Load factor 0.60 99.879 (%) 

Load factor 0.50 99.883 (%) 

Load factor 0.40 99.883 (%) 

Load factor 0.30 99.874 (%) 

Load factor 0.25 99.864 (%) 

Load factor 0.20 99.844 {%) 

Power factor 0.70 5.597 (%) 

Power factor 0.65 5.916 (%) 

Power factor 0.60 6.193 (%) 

Power factor 0.55 6.435 (%) 

Power factor 0.50 6.646 (%) 

Power factor 0.25 7.331 (%) 

!Tested by J. C. Song 
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HYUNDAI 
HEAVY INDUSTIUES CO..LTD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 672 MVA base 

at 60 Hz and 19.8 "C, (HV) side connection, (LV) side short circuit 

Tap No. 
(HV/LV) 

1/16L 

2/16L 

3/16L 

4/16L 

5/16L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

1071.0 

1097.1 

1124.6 

1153.4 

1183.8 

I Test 

1071.4 

1097.2 

1125.3 

1153.8 

1184.2 

Impedance 

Volt(V) 

50046 

47410 

45045 

43000 

40961 

I % at a5 t 

13.816 

13.407 

13.057 

12.784 

12.498 

Serial No. 
20120871 TKE001 

Load losses (W) 

at 19.8 t I 
1348705 

1335708 

1342231 

1352043 

1349108 

at 85 °C 

1494106 

1477864 

1476806 

1478025 

1468668 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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LVTap No: 16L 

Measurement of Load losses & 
impedance voltage 

672 MVABASE 

Serial No. 
20120871 TKE001 

Supply : HV Short : L V Open : TV Oil tem p. 19.8 "C 

Tap No. : 1 

Rated current 

11 1071.0 A 

12 1071.0 A 

13 1071.0 A 

lavg 1071.0 A 

Tap No. : 2 

Rated current 

11 1097.1 A 

12 1097.1 A 

l3 1097.1 A 

lavg 1097.1 A 

Tap No. : 3 

Rated current 

11 1124.6 A 

12 1124.6 A 

13 1124.6 A 

lavg 1124.6 A 

T ap No. : 4 

Rated current 

11 1153.4A 

12 1153.4A 

13 1153.4 A 

lavg 1153.4 A 

Date of Test 

Test current 

1071.7 A 

1072.2 A 

1070.3 A 

1071.4 A 

Test current 

1097.6 A 

1098.0 A 

1096.1 A 

1097.2 A 

Test current 

1125.6 A 

1125.5 A 

1124.9 A 

1125.3 A 

Test current 

1153.3A 

1154.3A 

1153.8A 

1153.SA 

2013. 02. 22 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

28996 v 
28863 v 
28823 v 
28894 v 

Impedance voltage (rms) 
Phase to Ground 

27470 v 
27343 v 
27303 v 
27372 v 

Impedance voltage (rms) 
Phase to Ground 

26106 v 
25958 v 
25957 v 
26007 v 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

24902 v 
24793 v 
24784 v 
24826 v 

!rested by J. C. Song 

Losses 

442422 w 
419998 w 
486285 w 

1348705 w 

Losses 

434673 w 
421041 w 

479994 w 
1335708 w 

Losses 

432286 w 
424649 w 
485296 w 

1342231 w 

Losses 

421631 w 

436110 w 
494302 w 

1352043 w 
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~HYUNDAI 
MEJlHV W!DUSTraES CO.,tm. 

LV Tap No : 16L 

Measurement of Load losses & 
impedance voltage 

672 MVABASE 

Supply : HV Short : LV Open : TV 

Tap No. : 5 

Rated current 

11 1183.8 A 

12 1183.8 A 

13 1183.8 A 

lavg 1183.8 A 

Test current 

1183.8 A 

1184.8 A 

1184.1A 

1184.2 A 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

23722 v 
23621 v 
23605 v 
23649 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 t 

Losses 

416687 w 
437788 w 
494633 w 

1349108 w 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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068 

HYUNDAI Calculation of load losses and Serial No. 
HU.VY INDUSTltlES CO.UO. characteristics 20120871 TKE001 

Input data Tap position HV/LV 1/16L 

Capacity (kVA) 672000 

Rated voltage (V) HV I LV 362250 I 123650 

Rated current (A) HV I LV 1071 .0 I 3137.7 

Impedance voltage (V) 50046 

No-load losses {W) 104709 

Load losses (W) 19.8 ·c 1348705 

W inding resistance 22.0 ·c 
HV winding( ohm) H 1-X1 ,H2-X2,H3-X3 0.1249022 0.1247599 0.1247610 

LV winding{ ohm) X1 -HOXO,X2-HOXO,X3-HOXO 0.0387164 0.0384668 0 .0379835 

Output data 

Copper loss at 20 ·c 913501.1 {W) at 85 'C 1147713.7 (W) 

Stray loss at 20 'C 435203.9 (W) at 85 'C 346392.4 (W) 

Load loss at 85 'C 1494106.0 (W) 

% Resistance voltage drop at 85 'C 0 .222 (%) 

% Reactance voltage drop at 85 ·c 13.814 (%) 

% Impedance voltage drop at 85 ·c 13.816 (%) 

Calculati.on of efficiency ( PF : ·u; ) 

Load factor 1.25 99.710 (%) Load factor 0.60 99.841 (%) 

Load factor 1.10· 99.742 (%) Load factor 0.50 99.858 {%) 

Load factor 1.00 99.763 (%) Load factor 0.40 99.872 (%) 

Load factor 0.90 99.783 (%) Load factor 0.30 99.882 (%) 

Load factor 0.80 99.803 {%) Load factor 0.25 99.882 {%) 

Load factor 0.75 99.813 (%) Load factor 0.20 99.878 (%) 

Calculation of voltage regulation 

Power factor 1.00 1.176 (%) Power factor 0.70 10.473 (%) 

Power factor 0.95 5.377 (%) Power factor 0.65 11.030 (%) 

Power factor 0.90 6.982 (%) Power factor 0.60 11.513 (%) 

Power factor 0.85 8.142 (%) Power factor 0.55 11.934 (%) 

Power factor 0.80 9.062 (%) Power factor 0.50 12.300 (%) 

Power factor 0.75 9.825 (%) Power factor 0.25 13.483 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



.HYUNDAI 
HEAVY INDUSTRlES CO..LlD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

Input data 

Capacity {kVA) 

Rated voltage {V) 

Rated current {A) 

Impedance voltage (V) 

No-load losses (W) 

Tap position 

HV I LV 

HV I LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding(ohm) H1-X1 ,H2-X2,H3-X3 

LV winding( ohm) x1-Hoxo.X2-Hoxo.x3-Hoxo 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calculst!on of efficiency (PF: 1.C ) 

Load factor 1.25 99.713 (%) 

Load factor 1.10 99.745 (%) 

Load factor 1.00 99.765 (%) 

Load factor 0.90 99.785 (%) 

Load factor 0.80 99.805 (%) 

Load factor 0.75 99.815 (%) 

Calculation of voltage regulation 

Power factor 1.00 1.118 (%) 

Power factor 0.95 5.197(%) 

Power factor 0.90 6.757 (%) 

Power factor 0.85 7.885 (%) 

Power factor 0.80 8.780 (%) 

Power factor 0.75 9.523 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 2/16L 

672000 

353625 I 123893 

1097.1 3131.6 

47410 

104709 

1335708 

0.1196655 0.1195434 0.1195302 

0.0387164 0.0384668 0.0379835 

·c 900694.4 (W) at 85 "C '1 131623.5 (W) 

·c 435013.6 (W) at 85 "C 346240.9 (W) 

·c 1477864.4 {W) 

·c 0.220 (%) 

·c 13.405 (%) 

·c 13.407 (%) 

Load factor 0.60 99.842 (%) 

Load factor 0.50 99.859 (%) 

Load factor 0.40 99.873 (%) 

Load factor 0.30 99.882 (%) 

Load factor 0.25 99.883 (%) 

Load factor 0.20 99.878 (%) 

Power factor 0.70 10.153 (%) 

Power factor 0.65 10.695 (%) 

Power factor 0.60 11 .166 {%) 

Power factor 0.55 11 .575 {%) 

Power factor 0.50 11 .931 (%) 

Power factor 0.25 13.084 {%) 

!rested by J. C. Song 
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070 

A.HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO.LTD. characteristics 20120871TKE001 

Input data Tap position HV/LV 3/16L 

Capacity (kVA) 672000 

Rated voltage (V) HV I LV 345000 124150 

Rated current (A) HV I LV . 1124.6 3125.1 

Impedance voltage (V) 45045 

No-load losses (W} 104709 

Loadlosses(W} 19.8 'C 1342231 

Winding resistance 22.0 ·c 
HV winding( ohm) H 1-X1, H2-X2,H3-X3 0.1144483 0.1143317 0.1143075 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387164 0.0384668 0.0379835 

Output data 

Copper loss at 20 ·c 887120.6 (W} at 85 ·c 1114569.5 (W) 

Stray loss at 20 ·c 455110.4 (W} at 85 'C 362236.6 (W) 

Load loss at 85 'C 1476806.1 (W) 

% Resistance voltage drop at 85 ·c 0.220 (%} 

% Reactance voltage drop at 85 ·c 13.055 (%) 

% Impedance voltage drop at 85 'C 13.057 (%} 

Calculation of efficiency (PF : ·Lu ) 

Load factor 1.25 99.714 (%) Load factor 0.60 99.842 (%} 

Load factor 1.10 99.745 (%) Load factor 0.50 99.859 (%) 

Load factor 1.00 99.765 (%) Load factor 0.40 99.873 (%) 

Load factor 0.90 99.785 (%) Load factor 0.30 99.882 (%) 

Load factor 0.80 99.805 (%) Load factor 0.25 99.883 (%} 

Load factor 0.75 99.815 (%) Load factor 0.20 99.878 (%) 

Calculation of voltage regu:ation 

Power factor 1.00 1.072 (%) Power factor 0.70 9.880 (%} 

Power factor 0.95 5.046 (%} Power factor 0.65 10.410 (%} 

Power factor 0.90 6.567 (%) Power factor 0.60 10.869 (%) 

Power factor 0.85 7.667 (%} Power factor 0.55 11.269 (%} 

Power factor 0.80 8.541 (%) Power factor 0.50 11.617(%) 

Power factor 0.75 9.265 (%) Power factor 0 .25 12.742 (%} 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



.HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

Input data 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Tap position 

HV /LV 

HV /LV 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calculation of efficiency (PF: " l ~ e. v ) 

Load factor 1.25 99.713 (%) 

Load factor 1.10 99.745 (%) 

Load factor 1.00 99.765 (%) 

Load factor 0.90 99.785 (%) 

Load factor 0.80 99.805 (%) 

Load factor 0.75 99.815 (%} 

Calculation of voltage regulation 

Power factor 1.00 1.037 (%) 

Power factor 0.95 4.929 (%) 

Power factor 0.90 6.420 (%) 

Power factor 0.85 7.498 (%) 

Power factor 0.80 8.354 (%) 

Power factor 0.75 9.065 (%) 

Date of Test 2013. 02. 22 

HV/LV 4/16L 

672000 

336375 I 124421 

1153.4 I 3118.3 

43000 

104709 

1352043 

0.1092648 0.1091520 0.1091134 

0.0387164 0.0384668 0.0379835 

20 'C 872806.9 (W) at 85 ·c 1096586.0 (W) 

20 ·c 479236.1 (W) at 85 'C 381438.9 (W) 

85 ·c 1478024.9 (W) 

85 ·c 0.220 (%) 

85 ·c 12.782 (% ) 

85 ·c 12.784 (% ) 

Load factor 0.60 99.842 (%) 

Load factor 0.50 99.859 (%) 

Load factor 0.40 99.873 (%) 

Load factor 0.30 99.882 (%) 

Load factor 0.25 99.883 (%) 

Load factor 0.20 99.878 (%) 

Power factor 0.70 9.668 (%) 

Power factor 0.65 10.188 (%) 

Power factor 0.60 10.638 (%) 

Power factor 0.55 11.030 (%) 

Power factor 0.50 11.372 (%) 

Power factor 0.25 12.475 (%) 

!rested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871TKE001 

ln_put data Tap position HV/LV 5/16L 

Capacity (kVA) 672000 

Rated voltage (V) HV /LV 327750 124708 

Rated current (A) HV /LV 1183.8 3111.1 

Impedance voltage (V) 40961 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 1349108 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-X1 ,H2-X2,H3-X3 0.1040834 0.1039766 0.1039184 

LV winding( ohm} X1-HOXO,X2-HOXO,X3-HOXO 0.0387164 0.0384668 0.0379835 

Output data 

Copper loss at 20 ·c 857558.6 (W) at 85 'C 1077428.1 (W) 

Stray loss at 20 t 491549.4 (W) at 85 t 391239.5 (W) 

Load loss at 85 ·c 1468667.6 (W) 

% Resistance voltage drop at 85 ·c 0.219 (%) 

% Reactance voltage drop at 85 ·c 12.496 (%) 

% Impedance voltage drop at 85 t 12.498 (%) 

Calculation of efficiency (PF: 1.0 } 

Load factor 1.25 99.715 (%) Load factor 0.60 99.843 (%) 

Load factor 1.10 99.746 (%) Load factor 0.50 99.860 (%} 

Load factor 1.00 99.766 (%) Load factor 0.40 99.874 (%) 

Load factor 0.90 99.786 (%) Load factor 0.30 99.883 (%) 

Load factor 0.80 99.806 (%) Load factor 0.25 99.883 (%) 

Load factor 0.75 99.816 (%} Load factor 0.20 99.879 (%) 

Ca!culation of voltage regulation 

Power factor 1.00 0.999 (%) Power factor 0.70 9.446 (%) 

Power factor 0.95 4.806 (%) Power factor 0.65 9.955 (%) 

Power factor 0.90 6.265 (%) Power factor 0.60 10.396 (%) 

Power factor 0.85 7.320 (%) Power factor 0.55 10.780 (%) 

Power factor 0.80 8.159 (%) Power factor 0.50 11.115 (%) 

Power factor 0.75 8.855 (%) Power factor 0.25 12.1 96 (% ) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



HYUNDAI 
HEAVY INDUSTRIES CO..LlD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 84.6 MVA base 

at 60 Hz and 19.8 "C, (HV) side connection, (TV) side short circuit. 

Tap No. 
(HV/LV) 

1/1 L 

2/1 L 

3/1L 

4/1 L 

5/1 L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

134.8 

138.1 

141.6 

145.2 

149.0 

I Test 

134.9 

138.3 

141.6 

145.5 

149.9 

Correction on 112.8 MVA base 

Tap No. 
(HV/LV) 

1 /1 L 

2/1L 

3/1l 

4/1L 

5/1L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

179.8 

184.2 

188.8 

193.6 

198.7 

I Test 

Impedance 

Volt(V) 

43542 

41860 

40580 

39446 

38382 

I % at 85 °c 

12.020 

11.838 

11.763 

11.727 

11. 711 

Impedance 

Volt(V) 

58056 

55814 

54107 

52594 

51176 

I % at 85 t 
16.027 

15.783 

15.683 

15.636 

15.615 

Serial No. 
20120871TKE001 

Load losses (W) 

at 19.8 t I 
110737 

111235 

111295 

112002 

113195 

at 85 °C 

119816 

120248 

120333 

120930 

121916 

Load losses (W) 

at 19.8 'C I at 85 'C 

213005 

213774 

213925 

214987 

216739 

Date of Test 20i3. 02. 22 Tested by J. C. Song 
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.. HYUNDAI 
NEtV'1• WDUSUllES CO.,LTD. 

Measurement of Load losses & 
impedance voltage 

LVTap No: 1L 

Supply : HV Short : TV Open : L V 

Tap No. : 1 

Rated current 

134.8 A 

134.8 A 

134.8 A 

134.8 A 

Tap No. ; 2 

Rated current 

I avg 

138.1 A 

138.1 A 

138.1 A 

138.1 A 

Tap No. : 3 

Rated current 

141.6 A 

141.6 A 

141.6 A 

141.6 A 

Tap No. 4 

Rated current 

I avg 

145.2 A 

145.2 A 

145.2 A 

145.2 A 

Test current 

134.6 A 

135.3 A 

134.6 A 

134.9 A 

Test current 

138.1 A 

138.8 A 

138.1 A 

138.3 A 

Test current 

141.4 A 

142.1 A 

141.4 A 

141.6 A 

Test current 

145.3 A 

146.0 A 

145.3 A 

145.5 A 

84.6 MVA BASE 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

25525 v 
24877 v 
25016 v 
25139 v 

Impedance voltage (rms) 
Phase to Ground 

24249 v 
24128 v 
24126 v 
24168 v 

Impedance voltage (rms) 
Phase to Ground 

23507 v 
23392 v 
23388 v 
23429 v 

Impedance voltage (rms) 
Phase to Ground 

Yavg 

22849 v 
22729 v 
22745 v 
22774 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 "C 

Losses 

35051 w 
34346 w 
41340 w 

i 10737 w 

Losses 

35273 w 
34697 w 
41265 w 

111235 w 

Losses 

35217 w 
34743 w 
41335 w 

111295 w 

Losses 

35063 w 
34974 w 
41964 w 

112002 w 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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LVTap No: 1L 

Supply: HV Short : TV 

Tap No. : 5 

Rated current 

11 149.0 A 

12 149.0 A 

13 149.0 A 

I avg 149.0 A 

Measurement of Load losses & 
impedance voltage 

84.6 MVA BASE 

Open : LV 

Test current 
Impedance voltage (rms) 

Phase to Ground 

149.6 A V1 22233 v 
150.4 A V2 22116 v 
149.7 A V3 22130 v 
149.9 A Vavg 22160 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 t 

Losses 

P1 35331 W 

P2 35368 W 

P3 42496 W 

Pt 113195 W 

Date of Test 2013. 02.22 !rested by J. C. Song 
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076 

A HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO.,LTD. characteristics 20120871TKE001 

!r.;>ut C:a~a Tap pos!1io;; HV/LV 1/1L 

Capacity (kVA) 84600 

Rated voltage (V) HV /TV 362250 I 13145 

Rated current (A) HV/TV 134.8 I 3715.8 

Impedance voltage (V) 43542 

No-load losses (W) 104709 

Load losses (W) 19.8 'C 110737 

Winding resistance 22.0 'C 

HV winding( ohm) H1-HOXO,H2-HOXO,H3-Hoxo 0.1577841 0.1576180 0.1573300 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Output ~a~z 

Copper loss at 20 'C 68793.4 (W) at 85 'C 86431.4 (W) 

Stray loss at 20 'C 41943.6 (W) at 85 'C 33384.2 (W) 

Load loss at 85 'C 119815.6 (W) 

% Resistance voltage drop at 85 'C 0.142 (%) 

% Reactance voltage drop at 85 'C 12.019 (%) 

% Impedance voltage drop at 85 'C 12.020 (%) 

Calculation of eft'ic:er.cy (PF : "LO ) 

Load factor 1.25 99.725 (%) Load factor 0.60 99.710 (%) 

Load factor 1.10 99.732 (%) Load factor 0.50 99.683 (%) 

Load factor 1.00 99.735 (%) Load factor 0.40 99.635 (% ) 

Load factor 0.90 99.736 (%) Load factor 0.30 99.547 (% ) 

Load factor 0.80 99.733 (%) Load factor 0.25 99.472 (%) 

Load factor 0.75 99.729 (%) Load factor 0.20 99.357 (%) 

Ca!cuiaiion c'f volt2gs regulation 

Power factor 1.00 0.864 (%) Power factor 0.70 9.028 (%) 

Power factor 0.95 4.534 (%) Power factor 0.65 9.523 (%) 

Power factor 0.90 5.945 (%) Power factor 0.60 9.952 (%) 

Power factor 0.85 6.966 (%) Power factor 0.55 10.327 (%) 

Power factor 0.80 7.779 (%) Power factor 0.50 10.653 (%) 

Power factor 0.75 8.454 (%) Power factor 0.25 11.714 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



077 

.A.HYUNDAI Calculation of load losses and Serial No.· 
HlAVY INDUSTRIES CO..LTD. characteristics 20120871 TKE001 

!npui: da~a Ta? 10osition HV/LV 2/K 

Capacity (kVA) 84600 

Rated voltage (V) HV/TV 353625 I 13150 

Rated current (A) HV/TV 138.1 I 3714.4 

Impedance voltage (V) 41860 

No-load losses (W) 104709 

Load losses {W) 19.8 'C 111235 

Winding resistance 22.0 'C 

HV winding( ohm) H1-HOXO,H2-HOXO,H3-HOXO 0.1525473 0.1524014 0.1520992 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Output data 

Copper loss at 20 'C 68871.7 (W) at 85 'C 86529.7 (W) 

Stray loss at 20 'C 42363.3 (W) at 85 ·c 33718.3 (W) 

Load loss at 85 ·c 120248.0 (W) 

% Resistance voltage drop at 85 ·c 0.142 (%) 

% Reactance voltage drop .. 
at 85 'C 11.837 (%) 

% Impedance voltage drop at 85 ·c 11.838 (%) 

Cc:!culation of 9·fficiency (PF: •! . \~ ) 

Load factor 1.25 99.724 (%) Load factor 0.60 99.709 (%) 

Load factor 1.10 99.732 (%) Load factor 0.50 99.682 (%) 

Load factor 1.00 99.735 (%) Load factor 0.40 99.635 (%) 

Load factor 0.90 99.735 (%) Load factor 0.30 99.547 (%) 

Load factor 0.80 99.732 (%) Load factor 0.25 99.472 (%) 

Load factor 0.75 99.729 (%) Load factor 0.20 99.357 (%) 

Ca~ :: ~..i;~iion of vo!tage regu~ai:!cn 

Power factor 1.00 0.843 (%) Power factor 0.70 8.888 (%) 

Power factor 0.95 4.458 (%) Power factor 0.65 9.375 (%) 

Power factor 0.90 5.848 (%) Power factor 0.60 9.799 (% ) 

Power factor 0.85 6.855 (%) Power factor 0.55 10.168 (% ) 

Power factor 0.80 7.656 (%) Power factor 0.50 10.490 (% ) 

Power factor 0.75 8.322 (%) Power factor 0.25 11.536 (%) 

Date of Test 2013. 02. 22 !Tested by J. c. Song 
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A HYUNDAI Calculation of load losses a.nd Serial No. 
HEAVY INDUSTKIES CO..LTD. characteristics 20120871TKE001 

Input data · l'C!p ~csiticn HV/LV 3/1L 

Capacity (kVA) 84600 

Rated voltage {V) HV / TV 345000 13155 

Rated current (A) HV/TV 141 .6 3712.9 

Impedance voltage (V) 40580 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 111295 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-HOXO.H2-HOXO.H3-HOXO 0.1473301 0.1471897 0.1468765 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Output data 

Copper loss at 20 ·c 68952.5 {W) at 85 ·c 86631 .3 (W) 

Stray loss at 20 ·c 42342.5 {W) at 85 ·c 33701.7 {W) 

Load loss at 85 ·c 120333.0 {W) 

% Resistance voltage drop at 85 ·c 0.142 {%) 

% Reactance voltage drop at 85 ·c 11 .762 {%) 

% Impedance voltage drop at 85 "C 11 .763 {%) 

Calcu:ation of en":c;an::i-• ( P!F : 1.f! ) 

Load factor 1.25 99.724 (%) Load factor 0.60 99.709 {%) 

Load factor 1.10 99.732 (%) Load factor 0.50 99.682 {%) 

Load factor 1.00 99.735 {%) Load factor 0.40 99.635 {%) 

Load factor 0.90 99.735 {%) Load factor 0.30 99.547 {%) 

Load factor 0.80 99.732 (%) Load factor 0.25 99.472 {%) 

Load factor 0.75 99.729 (%) Load factor 0.20 99.357 (%) 

C2!cul&i:ior; cf voltaee regulation 

Power factor 1.00 0.834 (%) Power factor 0.70 8.830 (%) 

Power factor 0.95 4.427 (%) Power factor 0.65 9.315 (%) 

Power factor 0.90 5.809 (%) Power factor 0.60 9.736 (%) 

Power factor 0.85 6.809 {%) Power factor 0.55 10.1 03 (%) 

Power factor 0.80 7.605 (%) Power factor 0.50 10.423 (%) 

Power factor 0.75 8.267 (%) Power factor 0.25 11.463 (%) 

Date of Test 2013. 02. 22 Tested by J. C. Song 
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... HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871TKE001 

Input C:at3 'fa:J position HV/LV 4/'i L. 

Capacity (kVA) 84600 

Rated voltage (V) HVITV 336375 I 13161 

Rated current (A) HVITV 145.2 I 3711 .3 

Impedance voltage (V) 39446 

No-load losses (W) 104709 

Load losses(W) 19.8 °C 112002 

Winding resistance 22.0 °C 

HV winding( ohm) H1-HOXO,H2-HOXO,H3-HOXO 0.1421466 0.1420100 0.1416824 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Out!'Jut da~a 

Copper loss at 20 oc 69028.0 (W) at 85 oc 86726.1 (W) 

Stray loss at 20 °C 42974.0 (W) at 85 oc 34204.3 (W) 

Load loss at 85 oc 120930.5 (W) 

% Resistance voltage drop at 85 oc 0.143 (%) 

% Reactance voltage drop at 85 oc 11.726 (%) 

% Impedance voltage drop at 85 'C 11.727 (%) 

Ca!cu;ation of efficiency ( PF: ·t .!'! ) 

Load factor 1.25 99.723 (%) Load factor 0.60 99.709 (%) 

Load factor 1.10 99.731 (%) Load factor 0.50 99.682 (%) 

Load factor t.00 99.734 (%) Load factor 0.40 99.635 (%) 

Load factor 0.90 99.735 (%) Load factor 0.30 99.547 (%) 

Load factor 0.80 99.732 (%) Load factor 0.25 99.472 (%) 

Load factor 0.75 99.729 (%) Load factor 0.20 99.357 (% ) 

Calcu~aiion of vc!tage regu!ation 

Power factor 1.00 0.830 (%) Power factor 0.70 8.803 (%) 

Power factor 0.95 4.413 (%) Power factor 0.65 9.286 (%) 

Power factor 0.90 5.790 (%) Power factor 0.60 9.706 (%) 

Power factor 0.85 6.788 (%) Power factor 0.55 10.072 (%) 

Power factor 0.80 7.582 (%) Power factor 0.50 10.391 (%) 

Power factor 0.75 8.242 (%) Power factor 0.25 11.428 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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~HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871 TKE001 

:nput data Tap position HV/LV 5/1L 

Capacity (kVA) 84600 

Rated voltage (V) HV/TV 327750 I 13167 

Rated current (A) HV/TV 149.0 I 3709.6 

Impedance voltage {V} 38382 

No-load losses (W) 104709 

Load losses {W) 19.8 ·c 113195 

Winding resistance 22.0 ·c 
HV winding( ohm} H1-HOXD,H2-HDXO,H3-Hoxo 0.1369653 0.1368346 0.1364874 

TV winding{ ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Output d~~s 

Copper loss at 20 ·c 69105.5 {W) at 85 ·c 86823.5 (W) 

Stray loss at 20 ·c 44089.5 (W) at 85 ·c 35092.2 (W) 

Load loss at 85 ·c 121915.7 {W) 

% Resistance voltage drop at 85 ·c 0.144 {%) 

% Reactance voltage drop at 85 ·c 11. 710 {%) 

% Impedance voltage drop at 85 ·c 11. 71 1 (%) 

Calculation of effic:ancy (PF : ~ .(: ) 

Load factor 1.25 99.722 (%) Load factor 0.60 99.708 (%) 

Load factor 1.10 99.730 (%) Load factor 0.50 99.681 {%) 

Load factor 1.00 99.733 (%) Load factor 0.40 99.634 (% ) 

Load factor 0.90 99.733 (%) Load factor 0.30 99.546 {%) 

Load factor 0.80 99.731 (%} Load factor 0.25 99.472 {%) 

Load factor 0.75 99.728 (%) Load factor 0.20 99.356 {%) 

Ca!cu;a~km of vo:ta:gs regu!ation 

Power factor 1.00 0.830 {%) Power factor 0.70 8 .791 {%} 

Power factor 0.95 4.407 (%) Power factor 0.65 9.274 (%) 

Power factor 0.90 5.783 (%) Power factor 0.60 9.693 (%) 

Power factor 0.85 6.779 (%) Power factor 0.55 10.059 (%) 

Power factor 0.80 7.572 (%) Power factor 0.50 10.377 {%) 

Power factor 0.75 8.231 (%) Power factor 0.25 11 .413 {%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 



• HYUNDAI 
HEAVY INDUSTRJES CO..UD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 141 MVA base 

at 60 Hz and 19.8 "C, (HV) side connection, (TV) side short circuit. 

Tap No. 
(HV/LV) 

1/1 L 

2/1l 

3/1 L 

4/1L 

5/1 L 

Rated 
Voltage(V) 

362250 

353625 

345000 

336375 

327750 

Current (A) 

Rated 

224.7 

230.2 

236.0 

242.0 

248.4 

I Test 

224.9 

231 .0 

236.2 

242.1 

248.9 

Impedance 

Volt(V) 

71830 

69890 

67633 

65615 

63688 

I % at 85 ·c 
19.829 

19.764 

19.604 

19.507 

19.432 

Serial No. 
20120871 TKE001 

Load losses (W) 

at 19.8 t 1 

308785 

310741 

308871 

310386 

312067 

at 85 ·c 
333762 

335419 

334034 

335336 

336773 

Date of Test 20i3. 02. 22 Tested by J. C. Song 
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HYUNDAI 
HEFJ!'l' IP:DUSTiUES CO.,LT1l. 

Measurement of Load losses & 
impedance voltage 

LVTap No: 1L 

Supply : HV Short : TV Open : LV 

Tap No. : 1 

Rated current 

224.7 A 

224.7 A 

224.7 A 

224.7 A 

Tap No. : 2 

Rated current 

230.2 A 

230.2 A 

230.2 A 

230.2 A 

Tap No. : 3 

Rated current 

236.0 A 

236.0 A 

236.0 A 

236.0 A 

Tap No. : 4 

Rated current 

I avg 

242.0 A 

242.0 A 

242.0 A 

242.0 A 

Test current 

224.5 A 

225.7 A 

224.5 A 

224.9 A 

Test current 

230.6 A 

231.8 A 

230.5 A 

231.0 A 

T est current 

235.8 A 

237.0 A 

235.7 A 

236.2 A 

Test current 

241.7 A 

242.9 A 

241.8 A 

242.1 A 

141 MVA BASE 

Impedance voltage (rms) 
Phase to Ground 

41613 v 
41402 v 
41397 v 
41471 v 

Impedance voltage (rms) 
Phase to Ground 

Vevg 

40488 v 
40286 v 
40278 v 
40351 v 

Impedance voltage (rms) 
Phase to Ground 

Vevg 

39182 v 
38984 v 
38977 v 
39048 v 

Impedance voltage (rms) 
Phase to Ground 

Vavg 

38009 v 
37808 v 
37833 v 
37883 v 

Serial No. 
20120871TKE001 

O il temp. 19.8 t 

Losses 

98090 w 
96166 w 

114529 w 
308785 w 

Losses 

98179 w 
96905 w 

115657 w 
310741 w 

Losses 

97770 w 
96236 w 

114865 w 

308871 w 

Losses 

97122 w 
96756 w 

116508 w 

310386 w 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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LVTap No: 1L 

Measurement of Load losses & 
impedance voltage 

141 MVA BASE 

Supply : HV Short : TV Open : L V 

Tap No. : 5 

Rated current 

248.4 A 

248.4 A 

248.4 A 

248.4 A 

Test current 

248.3 A 

249.6 A 

248.4 A 

248.8 A 

Impedance voltage (rms) 
Phase to Ground 

36892 v 
36700 v 
36718 v 
36770 v 

Serial No. 
20120871 TKE001 

Oil temp. 19.8 °C 

Losses 

97644 w 
97329 w 

117094 w 

312067 w 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871 TKE001 

h~t)Ul da~C: Taµ pos!tion HVILV 1/1l 

Capacity (kVA) 141000 

Rated voltage (V) HV/TV 362250 I 13145 

Rated current (A) HV/TV 224.7 I 6193.0 

Impedance voltage (V) 71830 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 308785 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-HOXO,H2-HOXO,H3-HOXO 0.1577841 0.1576180 0.1573300 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Ou~put data 

Copper loss at 20 ·c 191092.9 (W) at 85 ·c 240087.2 (W) 

Stray loss at 20 ·c 117692.1 (W) at 85 ·c 93674.8 (W) 

Load loss at 85 ·c 333762.0 (W) 

% Resistance voltage drop at 85 ·c 0.237 (% ) 

% Reactance voltage drop at 85 "C 19.828 {% ) 

% Impedance voltage drop at 85 ·c 19.829 {% ) 

Ca:cu!at:or: of afficiancy ( ?:= : ~Lv ) 

Load factor 1.25 99.646 {%) Load factor 0.60 99.735 (%) 

Load factor 1.10 99.673 {%) Load factor 0.50 99 .734 (% ) 

Load factor 1.00 99.690 {%) Load factor 0.40 99.720 (%) 

Load factor 0.90 99.705 (%) Load factor 0.30 99.682 (%) 

Load factor 0.80 99.719 (%) Load factor 0.25 99.645 (% ) 

Load factor 0.75 99.724 (%) Load factor 0.20 99.583 (% ) 

Calcuiai::011 o·i v~lta;a regu !e:tion 

Power factor 1.00 2.202 (%) Power factor 0.70 15.265 (%) 

Power factor 0.95 8.176 (%) Power factor 0.65 16.029 (%) 

Power factor 0.90 10.430 (%) Power factor 0.60 16.689 (%) 

Power factor 0.85 12.045 (%) Power factor 0.55 17.263 (%) 

Power factor 0.80 13.322 (%) Power factor 0.50 17.761 (%) 

Power factor 0.75 14.375 (%) Power factor 0.25 19.369 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



085 

:6.HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..ll'D. characteristics 20120871TKE001 

ini)~t data Ta;:> :JC5ition HV/L...V 2/11.. 

Capacity (kVA) 141000 

Rated voltage (V) HV /TV 353625 13150 

Rated current (A) HV/TV 230.2 I 6190.6 

Impedance voltage (V) 69890 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 310741 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-HOXO,H2-HOXO,H3-HOXO 0.1525473 0.1524014 0.1520992 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Ou~put clat~ 

Copper loss at 20 ·c 191310.2 (W) at 85 ·c 240360.3 (W) 

Stray loss at 20 ·c 119430.8 (W) at 85 ·c 95058.7 (W) 

Load loss at 85 ·c 335418.9 (W) 

% Resistance voltage drop at 85 ·c 0.238 (%) 
% Reactance voltage drop at 85 ·c 19.763 (%) 

% Impedance voltage drop at 85 ·c 19.764 (%) 

Ca!cu!aticn of efficiency (Pf: .. ~· 
~ . \) ) 

Load factor 1.25 99.645 (%) Load factor 0.60 99.734 (%) 

Load factor 1.10 99.672 (%) Load factor 0.50 99.733 (% ) 

Load factor 1.00 99.689 (%) Load factor 0.40 99.720 (% ) 

Load factor 0.90 99.704 (%) Load factor 0.30 99.682 (%) 

Load factor 0.80 99.718 (%) Load factor 0.25 99.645 (%) 

Load factor 0.75 99.723 (%) Load factor 0.20 99.583 (%) 

t-:c:!cul<>.t :on of vc!t~ga ragulation 

Power factor 1.00 2.191 (%) Power factor 0.70 15.213 (%) 

Power factor 0.95 8.145 (%) Power factor 0.65 15.975 (%} 

Power factor 0.90 10.392 (%) Power factor 0.60 16.633 (%) 

Power factor 0.85 12.003 (%) Power factor 0.55 17.205 (%) 

Power factor 0.80 13.275 (%) Power factor 0.50 17.702 (%) 

Power factor 0.75 14.325 (%) Power factor 0.25 19.306 (%) 

Date of Test 2013. 02. 22 !rested by J. C. Song 
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• HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRIES CO..LTD. characteristics 20120871TKE001 

ln~ut data Tap position HV/LV 3/1!. 

Capacity (kVA) 141000 

Rated voltage (V) HV/TV 345000 I 13155 

Rated current (A) HV/TV 236.0 I 6188.2 

Impedance voltage (V) 67633 

No-load losses (W) 104709 

Load losses {W) 19.8 ·c 308871 

Winding resistance 22.0 ·c 
HV winding( ohm) H1-HOXO.H2-HOXO,H3-Hoxo 0.1473301 0.1471897 0.1468765 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Outpu~ data 

Copper loss at 20 ·c 191534.8 (W) at 85 ·c 240642.4 (W) 

Stray loss at 20 ·c 117336.2 (W) at 85 ·c 93391.6 (W) 

Load loss at 85 ·c 334033.9 (W) 

% Resistance voltage drop at 85 ·c 0.237 (%) 

% Reactance voltage drop at 85 ·c 19.603 (%) 

% Impedance voltage drop at 85 ·c 19.604 (%) 

Calcu~ation of efric[ency (PF: •!.(~ ) 

Load factor 1.25 99.646 (%) Load factor 0.60 99.735 (%) 

Load factor 1.10 99.673 (%) Load factor 0.50 99.734 {%) 

Load factor 1.00 99.690 (%) Load factor 0.40 99.720 (%) 

Load factor 0.90 99.705 (%) Load factor 0.30 99.682 (%) 

Load factor 0.80 99.718 (%) Load factor 0.25 99.645 (%) 

Load factor 0.75 99.724 (%) Load factor 0.20 99.583 (%) 

Cc;i!culation c·f' vol~age ;agulation 

Power factor 1.00 2.158 {%) Power factor 0.70 15.083 (%) 

Power factor 0.95 8.066 {%) Power factor 0.65 15.840 (%) 

Power factor 0.90 10.296 {%) Power factor 0.60 16.494 (%) 

Power factor 0.85 11.895 {%) Power factor 0.55 17.062 (%) 

Power factor 0.80 13.159 (%) Power factor 0.50 17.555 {%) 

Power factor 0.75 14.201 (%) Power factor 0.25 19.148 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



A HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

Input data 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Load losses (W) 

Winding resistance 

Tap position 

HV/TV 

HV/TV 

19.8 ·c 
22.0 ·c 

HV winding( ohm) H1-HOXO,H2-HOXO,H3-HOXO 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calculatior. of efficiency ( PF : 1 .'3 ) 

Load factor 1.25 99.645 (%) 

Load factor 1.10 99.672 (%) 

Load factor 1.00 99.689 (%) 

Load factor 0.90 99.704 (%) 

Load factor 0.80 99.718 (%) 

Load factor 0.75 99.723 (%) 

Gaicuiition of vo!~aga ragu~a~icn 

Power factor 1.00 2.140 (%) 

Power factor 0.95 8.020 (%) 

Power factor 0.90 10.239 (%) 

Power factor 0.85 11.831 (%) 

Power factor 0.80 13.089 (%) 

Power factor 0.75 14.127 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV t:./1 L 

141000 

336375 I 13161 

242.0 I 6185.4 

65615 

104709 

310386 

0.1421466 0.1420100 0.1416824 

0.0029228 0.0029303 0.0029533 

·c 191744.5 (W) at 85 "C 240905.9 (W) 

·c 118641.5 (W) at 85 ·c 94430.4 (W) 

·c 335336.4 (W) 

·c 0.238 (%) 

·c 19.505 (%) 

·c 19.507 (%) 

Load factor 0.60 99.734 (%) 

Load factor 0.50 99.733 (%) 

Load factor 0.40 99.720 (%) 

Load factor 0.30 99.682 (%) 

Load factor 0.25 99.645 (%} 

Load factor 0.20 99.583 (%) 

Power factor 0.70 15.005 (%) 

Power factor 0.65 15 758 (%) 

Power factor 0.60 16.410 (%) 

Power factor 0.55 16.975 (%) 

Power factor 0.50 17.467 (%) 

Power factor 0.25 19.053 (%) 

!rested by J. c. Song 
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£.HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

Ir.put data 

Capacity (kVA} 

Rated voltage (V) 

Rated current (A} 

Impedance voltage (V} 

No-load losses (W) 

Load losses(W) 

Winding resistance 

Tap pos!ticr; 

HV/TV 

HV/TV 

19.8 ·c 
22.0 ·c 

HV winding( ohm} H1-HOXO,H2-HOXO,H3-HOXO 

TV winding( ohm) Y1-Y2.Y2-Y3,Y3-Y1 

Out~ut ~a~a 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Ca!cu!atio:i of effic:ency (PF : ·1.u ) 

Load factor 1.25 99.643 {%) 

Load factor 1.10 99.671 (%} 

Load factor 1.00 99.688 (%) 

Load factor 0.90 99.703 (%) 

Load factor 0.80 99.717 (%) 

Load factor 0.75 99.723 (%) 

Caiculaticli of vo!t~gs ragu :a~icn 

Power factor 1.00 2.127 (%) 

Power factor 0.95 7.984 (%) 

Power factor 0.90 10.195 (%) 

Power factor 0.85 11.782 (%) 

Power factor 0.80 13.035 (%) 

Power factor 0.75 14.070 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 5/1 L 

141000 

327750 13167 

248.4 6182.6 

63688 

104709 

312067 

0.1369653 0.1368346 0.1364874 

0.0029228 0.0029303 0.0029533 

·c 191959.7 (W) at 85 'C 241176.3 (W) 

·c 120107.3 (W) at 85 'C 95597.1 (W) 

·c 336773.4 (W) 

·c 0.239 (%) 

'C 19.430 (%) 

'C 19.432 {%) 

Load factor 0.60 99.734 (%) 

Load factor 0.50 99.733 {%) 

Load factor 0.40 99.720 (%) 

Load factor 0.30 99.682 (%) 

Load factor 0.25 99.645 (%) 

Load factor 0.20 99.583 (% ) 

Power factor 0.70 14.945 (%) 

Power factor 0.65 15.696 (%) 

Power factor 0.60 16.345 (%) 

Power factor 0.55 16.909 (%) 

Power factor 0.50 17.399 (%) 

Power factor 0.25 18.980 (%) 

jrested by J. C. Song 
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~HYUNDAI 
H£AVY INDUSTRIES CO..LlD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 84.6 MVA base 

at 60 Hz and 19.8 'C, (LV) side connection, (TV) side short circuit. 

Tap No. 
(HV/LV) 

3/16R 

3/1 L 

3/16L 

Rated 
Voltage(V) 

152062 

138175 

124150 

Current (A) 

Rated 

321.2 

353.5 

393.4 

I Test 

321.2 

353.6 

393.4 

Correction on 112.8 MVA base 

Tap No. 
(HV/LV) 

3/16R 

3/1L 

3/16L 

Rated 
Voltage(V) 

152062 

138175 

124150 

Current (A) 

Rated 

428.3 

471.3 

471.3 

I Test 

Impedance 

Volt(V) 

15715 

13297 

11556 

I % at 8s 0c 
10.335 

9.623 

9.308 

Impedance 

Volt(V) 

20953 

17729 

15408 

I % at 85 ·c 
13.780 

12.831 

12.411 

Serial No.· 
20120871TKE001 

Load losses (W) 

at19.s 'C I 
119188 

107013 

106041 

at 85 "C 

132134 

118494 

116839 

Load losses (W) 

at19.8 'C I at 85 "C 

234905 

210656 

207714 

Date of Test 2013. 02. 22 !Tested by J. C. Song 
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090 

HYUNDAI Measurement of Load losses & Serial No. 

HEAl1Y IWDUSmtU CO.,Lm. impedance voltage 20120871TKE001 

HVTap No: 3 
84.6 MVA BASE 

Supply: LV Short: TV Open : HV Oil temp. 19.8 'C 

Tap No. : 16R 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 321.0 A 320.4 A V1 9113 v P1 41048 w 
12 321.0 A 322.4 A V2 9040 v P2 37458 w 
l3 321.0 A 320.8 A V3 9066 v P3 40682 w 
I avg 321.0 A 321.2 A Vavg 9073 v Pt 119188 w 

Tap No. : 1L 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 353.5 A 353.1 A V1 7733 v P1 36463 w 
12 353.5 A 354.4 A V2 7615 v P2 33278 w 
l3 353.5 A 353.2 A V3 7682 v P3 37272 w 
I avg 353.5 A 353.6 A Vavg 7677 v Pt 107013 w 

Tap No. : 16L 

Rated current Test current 
Impedance voltage (rms) 

Losses 
Phase to Ground 

11 393.4 A 393.5 A V1 6705 v P1 36058 w 
12 393.4 A 393.5 A V2 6640 v P2 33645 w 
13 393.4 A 393.1 A V3 6672 v P3 36337 w 
I avg 393.4 A 393.4 A Vavg 6672 v Pt 106041 w 

Date of Test 2013.02.22 !rested by J. C. Song 



£.HYUNDAI 
HEAVY INDUSTRIES CO...LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

lnpui ~ata 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Load losses (W) 

Winding resistance 

Tap position 

LV /TV 

LV /TV 

19.8 'C 

22.0 'C 

LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 

Outpu~ da~a 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Calcu!atior. of s"ffic!ancy ( ?F : ., ~ 
~ . \~ ) 

Load factor 1.25 99.707 (%) 

Load factor 1.10 99.716 (%) 

Load factor 1.00 99.721 (%) 

Load factor 0.90 99.723 (%} 

Load factor 0.80 99.721 (%) 

Load factor 0.75 99.719 (%) 

Ca!cuic.~io11 cf vc!tay._ regu!ation 

Power factor 1.00 0.690 (%) 

Power factor 0.95 3.852 (%) 

Power factor 0.90 5.071 (%) 

Power factor 0.85 5.955 (%) 

Power factor 0.80 6.659 (%) 

Power factor 0.75 7.245 (%) 

Date of Test 2013. 02. 22 

HV/l.V 3/16R 

84600 

152062 I 12272 

321.2 I 3980.1 

15715 

104709 

119188 

0.0387254 0.0384744 0.0380093 

0.0029228 0.0029303 0.0029533 

20 'C 80937.9 (W) at 85 'C 101689.6 (W) 

20 'C 38250.1 (W) at 85 'C 30444.5 (W) 

85 'C 132134.0 (W) 

85 'C 0.156 (%) 

85 'C 10.334 (%) 

85 'C 10.335 (%) 

Load factor 0.60 99.701 (%) 

Load factor 0.50 99.675 (%) 

Load factor 0.40 99.629 (%) 

Load factor 0.30 99.543 (%} 

Load factor 0.25 99.469 (%) 

Load factor 0.20 99.354 (%) 

Power factor 0.70 7.743 (%) 

Power factor 0.65 8.172 (%) 

Power factor 0.60 8.545 (%) 

Power factor 0.55 8.870 (%) 

Power factor 0 .50 9.154(%) 

Power factor 0 .25 10.074 (%) 

Tested by J. C. Song 
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• HYUNDAI 
HEAVY INDUSTftlES CO..LTO. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

:n~ut data 

Capacity (kVA) 

Tap position 

Rated voltage (V) L V I TV 

Rated current (A) L VI TV 

Impedance voltage (V) 

No-load losses (W) 

Load losses (W) 19.8 ·c 
Winding resistance 22.0 ·c 
LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 

Output ca-la 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Cc:lculation o'f effic!ancy (PF : ·L~ ) 

Load factor 1.25 99.727 (%) 

Load factor 1.10 99.734 (%) 

Load factor 1.00 99.737 (%) 

Load factor 0.90 99.737 (%) 

Load factor 0.80 99.734 (%) 

Load factor 0.75 99.731 (%) 

CaJcu;aticn cf vo!·iage regu:at:on 

Power factor 1.00 0.603 (%) 

Power factor 0.95 3.551 (%) 

Power factor 0.90 4.690 (%) 

Power factor 0.85 5.516 (%) 

Power factor 0.80 6.175 (%) 

Power factor 0.75 6.723 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HV/LV 3/1L 

84600 

138175 I 13155 

353.5 I 3712.9 

13297 

104709 

107013 

0.0328819 0.0328580 0.0325690 

0.0029228 0.0029303 0.0029533 

'C 72360.1 (W) at 85 'C 90912.6 (W) 

·c 34652.9 (W) at 85 ·c 27581.3 (W) 

·c 118493.9 (W) 

·c 0.140 (%) 

·c 9.622 (%) 

·c 9.623 (%) 

Load factor 0.60 99.711 (%) 

Load factor 0.50 99.683 (%) 

Load factor 0.40 99.636 (%) 

Load factor 0.30 99.547 (%) 

Load factor 0.25 99.473 (%) 

Load factor 0.20 99.357 (%) 

Power factor 0.70 7.190 (%) 

Power factor 0.65 7.592 (%) 

Power factor 0.60 7.942 (%) 

Power factor 0.55 8.247 (%) 

Power factor 0.50 8.513 (%) 

Power factor 0.25 9.378 (%) 

!Tested by J. C. Song 
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093 

& HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRliS CO..LTD. characteristics 20120871TKE001 

Input data Tap position HV/LV 3/16L 

Capacity (kVA) 84600 

Rated voltage (V) LV /TV 124150 I 14048 

Rated current (A) LV /TV 393.4 I 3476.9 

Impedance voltage (V) 11556 

No-load losses (W) 104709 

Load losses (W) 19.8 "C 106041 

Winding resistance 22.0 ·c 
LV winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 0.0387164 0.0384668 0.0379835 

TV winding( ohm) Y 1-Y2,Y2-Y3,Y3-Y1 0.0029228 0.0029303 0.0029533 

Output data 

Copper loss at 20 ·c 70446.2 (W) at 85 ·c 88507.9 (W) 

Stray loss at 20 ·c 35594.8 (W) at 85 ·c 28331.0 (W) 

Load loss at 85 ·c 116838.9 (W) 

% Resistance voltage drop at 85 ·c 0.138 (%) 

% Reactance voltage drop at 85 ·c 9.307 (%) 

% Impedance voltage drop at 85 ·c 9.308 (%) 

Calculation of efficiency (PF: ., ,.. 
L; • . J ) 

Load factor 1.25 99.729 (%) Load factor 0.60 99.712 (%) 

Load factor 1.10 99.736 (%) Load factor 0.50 99.684 (%) 

Load factor 1.00 99.739 (%) Load factor 0.40 99.637 (%) 

Load factor 0.90 99.739 (%) Load factor 0.30 99.548 (%) 

Load factor 0.80 99.736 (%) Load factor 0.25 99.473 (%) 

Load factor 0.75 99.732 (%) Load factor 0.20 99.358 (%) 

Calculation of voltage regulation 

Power factor 1.00 0.571 (%) Power factor 0.70 6.949 (%) 

Power factor 0.95 3.425 (%) Power factor 0.65 7.340 (%) 

Power factor 0.90 4.527 (%) Power factor 0.60 7.679 (%) 

Power factor 0.85 5.328 (%) Power factor 0.55 7.974 (%) 

Power factor 0.80 5.966 (%) Power factor 0.50 8.232 (%) 

Power factor 0.75 6.497 (%) Power factor 0.25 9.070 {%) 

Date of Test 2013. 02. 22 jTested by J. C. Song 



A HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Measurement of Load losses & 
Impedance voltage 

Measurement on 141 MVA base 

at 60 Hz and 19.B "C, (LV) side connection, (TV) side short circuit. 

Tap No. 
(HV/LV) 

3/16R 

3/1L 

3/16L 

Rated 
Voltage(V) 

152062 

138175 

124150 

Current (A) 

Rated 

535.3 

589.2 

655.7 

I Test 

535.3 

589.6 

656.6 

Impedance 

Volt(V) 

26145 

22063 

19283 

I % at 85 °c 
17.194 

15.968 

15.532 

Serial No. 
20120871TKE001 

.Load losses {W) 

at 19.8 'C I 
331331 

297475 

295257 

at 85 ·c 
367240 

329322 

325109 

Date of Test 2013. 02. 22 !rested by J . C. Song 
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~HYUNDAI Measurement of Load losses & 
Het<MYWJDUSr.au co.,Lto. impedance voltage 

Serial No. 
20120871TKE001 

HVTap.No : 3 

Supply : L V Short : TV Open : HV 

Tap No. : 16R 

Rated current 

535.3 A 

535.3 A 

535.3 A 

535.3 A 

Tap No. : 1L 

Rated current 

589.2 A 

589.2 A 

589.2 A 

589.2 A 

Tap No. : 16L 

Rated current 

I avg 

655.7 A 

655.7 A 

655.7 A 

655.7 A 

Date of Test 

Test current 

534.1 A 

537.3 A 

534.6 A 

535.3 A 

Test current 

588.9 A 

591.0 A 

589.0 A 

589.6 A 

Test current 

656.8 A 

656.6 A 

656.2 A 

656.6 A 

2013. 02.22 

141 MVABASE 

Impedance voltage (rms) 
Phase to Ground 

Yavg 

15152 v 
15057 v 
15076 v 
15095 v 

Impedance voltage (rms) 
Phase to Ground 

Yavg 

12791 v 
12694 v 
12729 v 
12738 v 

Impedance voltage (rms} 
Phase to Ground 

11186 v 
11076 v 
11133 v 
11133 v 

jrested by 

Oil temp. 19.8 t 

J . C. Song 

Losses 

113707 w 
103237 w 
114367 w 
331331 w 

Losses 

100895 w 
92967 w 

103613 w 
297475 w 

Losses 

100233 w 
93937 w 

101087 w 
295257 w 
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A HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871TKE001 

ir.pu'i da~a 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V) 

No-load losses (W) 

Load losses (W) 

Winding resistance 

Tap position 

LV /TV 

LV /TV 

19.8 ·c 
22.0 ·c 

L V winding( ohm) X1-HOXO,X2-HOXO,X3-HOXO 

TV winding( ohm) Y1-Y2,Y2-Y3,Y3-Y1 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Ca~cuia1.ion of afficiency (PF: •!.(: ) 

Load factor 1.25 99.616 (%) 

Load factor 1.10 99.647 (%) 

Load factor 1.00 99.666 (%) 

Load factor 0.90 99.684 (%) 

Load factor 0.80 99.700 (%) 

Load factor 0.75 99.707 (%) 

C:alcu!aiio r~ of '!Oll:age r~gu:a:tion 

Power factor 1.00 1.738 (%) 

Power factor 0.95 6.936 (%) 

Power factor 0.90 8.908 (%) 

Power factor 0.85 10.326 (%) 

Power factor 0.80 11.448 (%) 

Power factor 0.75 12.376 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

:i V/LV 3/16R 

141000 

152062 I 12272 

535.3 I 6633.5 

26145 

104709 

331331 

0.0387254 0.0384744 0.0380093 

0.0029228 0.0029303 0 .0029533 

·c 224827.4 (W) at 85 ·c 282471.0 (W) 

·c 106503.6 (W) at 85 ·c 84769.5 (W) 

·c 361240.5 (W) 

·c 0.260 (%) 

·c 17.192 (%) 

·c 17.194 (%) 

Load factor 0.60 99.721 (%) 

Load factor 0.50 99.722 (%) 

Load factor 0.40 99.711 (%) 

Load factor 0.30 99.675 (%) 

Load factor 0.25 99.639 (%) 

Load factor 0.20 99.578 (%) 

Power factor 0.70 13.162 (% ) 

Power factor 0.65 13.837 (% ) 

Power factor 0.60 14.421 (%) 

Power factor 0 .55 14.928 (%) 

Power factor 0.50 15.369 (%) 

Power factor 0.25 16.793 (%) 

!Tested by J. C. Song 
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& HYUNDAI 
HEAVY INDUSTRIES CO.,LTD. 

Calculation of load losses and 
characteristics 

Serial No. 
20120871 TKE001 

lnpu~ clata 

Capacity (kVA) 

Rated voltage (V) 

Rated current (A) 

Impedance voltage (V} 

No-load losses (W) 

Load losses (W) 

Winding resistance 

Ta;> t'JOSition 

LV /TV 

LV /TV 

19.8 ·c 
22.0 ·c 

LV winding( ohm) X1-HOXO,X2-HOXD,X3-HOXO 

TV winding( ohm} Y1-Y2,Y2-Y3,Y3-Y1 

Output data 

Copper loss at 

Stray loss at 

Load loss at 

% Resistance voltage drop at 

% Reactance voltage drop at 

% Impedance voltage drop at 

Ca:cu:aiiQn of af.fo!~m;y (PF : 1.:; ) 

Load factor 1.25 99.650 (%) 

Load factor 1.10 99.677 (%) 

Load factor 1.00 99.693 (%) 

Load factor 0.90 99.708 (%) 

Load factor 0.80 99.721 (%) 

Load factor 0.75 99.727 (%) 

Ca~cu!ation of vo!taga re.~u:at!or. 

Power factor 1.00 1.508 (%) 

Power factor 0.95 6.346 (%) 

Power factor 0.90 8.187 (%) 

Power factor 0.85 9.513 (%) 

Power factor 0.80 10.564 (%) 

Power factor 0.75 11.434 (%) 

Date of Test 2013. 02. 22 

20 

20 

85 

85 

85 

85 

HVILV 3/1L 

141000 

138175 

589.2 

22063 

104709 

297475 

·c 
·c 
·c 

'C 

'C 

·c 

0.0328819 

0.0029228 

201000.4 

96474.6 

329322.0 

0.234 

15.966 

15.968 

Load factor 

Load factor 

Load factor 

Load factor 

Load factor 

Load factor 

Power factor 

Power factor 

Power factor 

Power factor 

Power factor 

Power factor 

!rested by 

13155 

6188.2 

0.0328580 

0.0029303 

0.0325690 

0.0029533 

(W) at 85 'C 252534.9 

(W) at 85 'C 76787.2 

(W) 

(%) 

(%) 

(%) 

0.60 99.737 (%) 

0.50 99.735 (%) 

0.40 99.722 (%) 

0.30 99.683 (%) 

0.25 99.646 (%) 

0.20 99.584 (%) 

0.70 12.171 (%) 

0.65 12.805 (%) 

0.60 13.354 (%) 

0.55 13.831 (%) 

0.50 14.246 (%) 

0.25 15.588 (%) 

J. C. Song 

(W) 

(W) 
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098 

£.HYUNDAI Calculation of load losses and Serial No. 
HEAVY INDUSTRlES CO..LTD. characteristics 20120871TKE001 

Input data Tap position HV/LV 3/16L 

Capacity (kVA) 141000 

Rated voltage (V) LV /TV 124150 I 14048 

Rated current (A) LV /TV 655.7 I 5794.9 

Impedance voltage (V) 19283 

No-load losses (W) 104709 

Load losses (W) 19.8 ·c 295257 

Winding resistance 22.0 ·c 
LV winding( ohm) X1 -HOXO ,X2-HOXO,X3-H OXO 0.0387164 0.0384668 0.0379835 

TV winding( ohm) Y1-Y2, Y2-Y3, Y3-Y1 0.0029228 0.0029303 0.0029533 

Output data 

Copper loss at 20 ·c 195683.9 (W) at 85 ·c 245855.4 (W) 

Stray loss at 20 ·c 99573.1 (W) at 85 ·c 79253.3 (W) 

Load loss at 85 ·c 325108.7 (W) 

% Resistance voltage drop at 85 ·c 0.231 (%) 

% Reactance voltage drop at 85 t 15.531 (%) 

% Impedance voltage drop at 85 ·c 15.532 (%) 

Calculation of efficiency (PF: ·1 .~ ) 

Load factor 1.25 99.654 (%) Load factor 0.60 99.739 (%) 

Load factor 1.10 99.680 (%) Load factor 0.50 99.737 (%) 

Load factor 1.00 99.696 (%) Load factor 0.40 99.723 (%) 

Load factor 0.90 99.711 (%) Load factor 0.30 99.684 (%) 

Load factor 0.80 99.723 (%) Load factor 0.25 99.647 (%) 

Load factor 0.75 99.729 (%) Load factor 0.20 99.584 (%) 

Calculation of voltage regulat!on 

Power factor 1.00 1.437 (%) Power factor 0.70 11.826 (%) 

Power factor 0.95 6.146 (%) Power factor 0.65 12.444 (%) 

Power factor 0.90 7.940 (%) Power factor 0.60 12.980 (%) 

Power factor 0.85 9.233 (%) Power factor 0.55 13.446 (%) 

Power factor 0.80 10.258 (%) Power factor 0.50 13.851 (%) 

Power factor 0.75 11.106 (%) Power factor 0.25 15.162 (%) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 



& HYUNDAI 
HEAVY INOUSTIU!S CO..ll'D. 

Calculation of 
Three winding Load losses 

Serial No. 
20120871 TKE001 

099 

Tap No.: 1/16L (HV: 403.0 MVA, LV : 403.0 MVA, TV: 5.00 MVA) 

1) Measured load loss at · 85 "C 
- Pk H-X = 534812.7 (W) at 

- Pk H-Y = 418.5 (W) at 

- Pk X-Y = 408.1 (W) at 

2) Correction to 5.00 MVA base 

403.00 MVA base 

5.00 MVA base 

5.00 MVA base 

-. Pk' H-L = Pk H-X X (Correction capacity/Measured capacity)2 

Pk' H-T = Pk H-,Y 

-. Pk' L-T = Pk X-Y 

2) Each winding load losses to 5.00 MVA base 

Pk' H-L + Pk' H-T - Pk' L-T 82.3 + 418.5 408.1 
-. Pk' H = 

2 2 

- . Pk' L 
Pk' H-L + Pk' L-T - Pk' H-T 82.3 + 408.1 418.5 

= 
2 2 

Pk' H-T + Pk' L-T - Pk' H-L 418.5 + 408.1 82.3 
-. Pk' T = 

2 2 

3) Correction to each winding load losses 

- HV winding at ~-03.00 MVA base 

PkH' = Pk'H x HV winding caeaci~ 46.4 x ( 403.00 )Z 
Each winding capacity 5.00 

- LV winding at 403.00 MVA base 

Pk'L Pk' L x LV winding capacity 
36.0 x ( 

403.00 )Z = 
Each winding capacity 5.00 

- TV winding at 5.00 MVA base 

PkT' = Pk'T 

4) Three winding load losses at 85 "C 

: . Pk Total = Pk H' + Pk L' + Pk T' 

Pk(H+L+T) Total 301187.4 + 233625.3 + 372.1 

Date of Test 2013. 02. 22 Tested by J. C. Song 

= 82.3 (W) 

= 418.5 (W) 

= 408.1 (W) 

= 46.4 (W) 

= 36.0 (W ) 

= 372.1 (W ) 

= 301187.4 (W) 

= 233625.3 (W ) 

= 372.1 (W) 

= 535184.8 (W) 



.&HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Calculation of 
Three winding Load losses 

Serial No. 
20120871TKE001 

100 

Tap No.: 1/16L (HV: 672.0 MVA, LV: 672.0 MVA, TV: 5.00 MVA) 

1) Measured load loss at 85 t 
Pk H-L = 1494106.0 (W) at 672.00 MVA base 

- Pk H-T = 418.5 (W) at 5.00 MVA base 

- Pk L-T = 408.1 (W) at 5.00 MVA base 

2) Correction to 5.00 MVA base 

-. Pk' H-L = Pk H-L X (Correction capacity/Measured capacity)2 = 82.7 (W) 

Pk' H-T = Pk H-T = 418.5 (W) 

Pk' L-T = Pk L-T = 408.1 (W) 

2) Each winding load losses to 5.00 MVA base 

Pk' H-L + Pk' H-T - Pk' L-T 82.7 + 418.5 408.1 
-. Pk' H = = 46.6 (W) 

2 2 

-. Pk' L 
Pk' H-L + Pk' L-T - Pk' H-T 82.7 + 408.1 418.5 = = 36.2 (W) 

2 2 

Pk' H-T + Pk' L-T - Pk' H-L 418.5 + 408.1 82.7 
-. Pk' T = = 371.9 (W) 

2 2 

3) Correction to each winding load losses 

- HV winding at 672.00 MVAbase 

PkH' Pk' H 
HV winding capacity 

46.6 x ( 
672.00 )2 840982.5 (W) = x = Each winding capacity 5.00 

-- LV winding at 672.00 MVAbase 

Pk'L Pk' L 
L V winding capacity 36.2 x ( 

672.00 )2 653123.6 (W) = x = Each winding capacity 5.00 

- TV winding at 5.00 MVA base 

Pk'T = = 371.9 (W) 

4) Three winding load losses at 85 t 

:. Pk Total = Pk H' + Pk L' + Pk T' 
Pk(H+L+T) Total 840982.5 + 653123.6 + 371.9 = 1494478.0 (W) 

Date of Test 2013: 02. 22 Tested by J. C. Song 



~HYUNDAI 
Hi::.WY K'..lDUSTRJES CO.,LTil. 

Measurement of Zero sequence 
impedance 

403 MVA base 

1. Test circuit Supply: HV Open : LV, TV 

1) Tap No. 3 / 1L 

2) Rated current 674.4 (A) 

3) Rated voltage 345000 (V) 

4) Supply current 225 (A) 

5) Measured voltage 11710.6 (V) 

2. Correction zero sequence impedance voltage (V) 

= Measured voltage x 
( Rated current x 3 ) 

Supply current 

= 11710.6 x ~--6-74-·-4_x_3___,)....._ 
225 

= 105301.7 (V) 

3. Zero sequence Impedance (%) 

= 
300 

x ( Measured voltage ) x ( Rated current ) 
Rated voltage I -J3 Supply current 

11710.6 674.4 
300 x ( 345000 J../3 ) x (--22-5--) 

= 52.866 (%) 

4. Ohm I Phase 

= ( Measured voltage x 3 ) 
· Supply currnet 

11710.6 x 3 =------
225 

= 156.14 (Q) 

Date of Test 2013. 02. 22 !rested by J. C. Song 

Serial No. 
20120871 TKE001 
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~HYUNDAI 
l~EU'~VV U-!DUSTIU!SS CO.,t.m. 

Measurement of Zero sequence 
impedance 

403 MVAbase 

1. Test circuit Supply : HV Short: LV Open : TV 

1) Tap No. 3 / 1L 

2) Rated current 674.4 (A) 

3) Rated voltage 345000 (V) 

4) Supply current 225.4 (A) 

5) Measured voltage 1764.9 0/) 

2. Correction zero sequence impedance voltage (V) 

= Measured voltage x 
( Rated current x 3 ) 

Supply current 

= 1764.9 x __. __ 6_74_._4_x_3_,__ 
225.4 

= 15841.8 (V) 

3. Zero sequence impedance(%) 

= 300 x ( Measured voltage ) x ( Rated current ) 
Rated voltage I ../3 Supply current 

= 1764.9 674.4 
3oo x.( 345000 1-./3 ) x (--2-25-.4--) 

= 7.953 (%) 

4. Ohm I Phase 

= ( Measured voltage x 3 ) 
Supply curmet 

1764.9 x 3 =------
225.4 

= 23.49 (Q) 

Date of Test 2013. 02.22 !rested by J. C. Song 

Serial No. 
20120871TKE001 
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HYUNDAI 
llS'NYlF1DUSTRIES CO.,LTD. 

Measurement of Zero sequence 
impedance 

403 MVAbase 

1. Test circuit Supply : LV Open : HV, TV 

1)TapNo. 3 / 1L 

2) Rated current 1683.9 (A) 

3} Rated voltage 138175 (V) 

4) Supply current 400.7 (A) 

5) Measured voltage 2742.4 (V) 

2. Correction zero sequence impedance voltage (V) 

= Measured voltage x 
(Rated current x 3) 

Supply current 

1683.9 )( 3 ) = 2742.4 x ___. _____ ___.__ 

400.7 

= 3457 4.0 (V) 

3. Zero sequence impedance(%) 

Measured voltage ) x Rated current = 300 x ( - ( ) 
Rated voltage I .../3 Supply current 

2742.4 1683.9 
300 )( (-----) )( (----) = 

138175 1.../3 400.7 

= 43.339 (%) 

4. Ohm I Phase 

= ( Measured voltage x 3) 
Supply currnet 

2742.4 )( 3 =------
400.7 

= 20.53 (Q) 

Date of Test 2013. 02. 22 jrested by J. C. Song 

Serial No. 
20120871 TKE001 
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~HYUNDAI 
!llU'NY lr~DUSTRIU CO.,Ll'D. 

Measurement of Zero sequence 
impedance 

403 MVA base 

1. Test circuit Supply : LV Short : HV Open : TV 

1) Tap No. 3 / 1L 

2) Rated current 1683.9 (A) 

3) Rated voltage 138175 (V) 

4) Supply current 400.2 (A) 

5) Measured voltage 408.6 {V) 

2. Correction zero sequence impedance voltage (V) 

= Measured voltage x 
( Rated current x 3 ) 

Supply current 

= 408.6 )( __,, __ 1_68_3_.9_><_3_....)_ 
400.2 

= 5157.7 (V) 

3. Zero sequence impedance (%) 

= 300 x ( Measured voltage ) x ( Rated current ) 
Rated voltage/ ..J3 Supply current 

= 408.6 1683.9 
300 )( (-----) )( (----) 

138175 1.../3 400.2 

= 6.465 (%) 

4. Ohm I Phase 

= (Measured voltage x 3) 
Supply currnet 

408.6 )( 3 =-- ----
400.2 

= 3.06 (Q) 

Date of Test 2013. 02. 22 !Tested by J. C. Song 

Serial No. 
20120871 TKE001 
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Temperature rise test 
(403MVA base) 

Serial No. 
20120871 TKE001 

Winding temperature Oil temperature Max. ambient temp. 40 t 
Guarantee 

Cooling method ONAN value· 65 K 65 K 
Tap No. (HV/LV) 1I16L 

The sum of the no-load loss and load loss at 85 t were supplied to the transformer. One of its windings 

was being excited and another short circuited . 

At that time the sum of total losses was 681 .913kW for 15:1 [hours:min.] 

The oil temperature was measured via an oil pocket in the top cover. Then the transformer was excited 

with the rated current 642.3A for 1 :O[hour(s):min.J. After the power was shut down, the resistance 

of the winding was measured and the winding temperature was evaluated from the increase of resistance. 

Temperature at Total losses 

1) Ambient temperature 23.80 

2) Oil in the thermometer-pocket temperature 72.30 

3) Oil radiator inlet temperature 66.10 

4) Oil radiator outlet temperature 43.70 

5} Difference between in and outlet 3)- 4) 22.40 

6) Average oil temperature 2} - [ 5) x Y2] 61.10 

7) Average oil temperature-rise 6) - 1} 37.30 

8) Maximum oil temperature-rise 2) - 1) 48.50 

Temperature at Rated current 

a) Ambient temperature 24.13 

b) Oil in the thermometer-pocket temperature 70.20 

c) Oil radiator inlet temperature 64.40 

d) Oil radiator outlet temperature 43.70 

e) Difference between in and outlet c} - d) 20.70 

f) Average oil temperature b} - [ e} x Y2 ] 59.85 

105 

·c 
·c 
·c 
·c 
K 

·c 
K 

K 

·c 
·c 
·c 
·c 
K 

·c 

Temperature of winding HV~H2-HO} LV(X2 -X3} 

I) Average wind ing temperature(See cooling curve) 67.83 ·c 69.62 ·c 
II} Average winding temperature-rise( Over oil) I) - f) 7.98 K 9.77 K 

Ill ) Average oil temperature-rise(Over ambient) 6) - 1} 37.30 K 37.30 K 

IV) Average winding temperature-rise(Over ambient) 11) + Ill) 45.28 K 47.07 K 

Calculation of winding hottest spot temperature 

Hot-spot temp. rise of winding= Max. top oil temp. rise+ [Average winding temp. rise( over oil) x k' 

~- k' (HV/LV) =1.3 I 1.3 8) -!- [ II} x k' ] 58.87 K 61.20 K 

Date of Test 201 3.02. 23 Tested by C. S. Ha 
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HYUNDAI 
HEAVY INDUSIRIES CG.,LTD. 

Temperature Recorder Chart Serial No 
20120871TKE001 

Test Object: 403MVA Base (ONAN), 

Channel CH1 CH2 CH3 CH4 CH5 CH6 
Point(A) 70.2 64.4 43.7 24.7 23.7 24.0 
Point(B) 72.3 66.1 43. 7 24.4 23.4 23.6 

17:00 

I 

; 

I ; 

; 

16:00 ; 

15:00 

14:00 

13:00 

12:00 

11:00 

10:00 

'i:" 
:::I 

9:00 0 
:::c -GI 
E 8:00 i= 

7:00 

6:00 

5:00 

4:00 

3:00 

2:00 

1:00 

: 
0:00 

! 

Test of Date: Feb-22-2013 

[ : i : : • : ; 1·-·~ j ____,_+-+-c---;--o- --'-Gr< ~nm+FAf'"\ 
I ·.17!T1:-r-1- • : __ .: ______ .. • !Ii : __ .--··. : __ ,._ : !. Iii ·.·--. · .• ,;,_' . •. : •• •~.•t(-'\. : '·)·:_·. 116 .•. e.•. ~.O. ~ 

, : : : ' : , : I ; ' . : ' : : : . ' , , 

Top oil temp. 
Radiator inlet temp. 
Radiator outlet temp. 
Ambient temp.-1 
Ambient temp.-2 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

Temperature( °C) 

Date of Test: 2013.02.22 Tested by : J. C. Song 



HYUNDAI 
:~J tt:i~tmr:s. 00-.1.:m. 

Winding Resistance Cooling Cur .re 
~4\J3MVA b'1~e, H2°X2} 

After shutdown Resistance Value 0.1470495 (Q) 

Hot - Resistance 

0.15000 

0.14900 

0.1 4800 

§:0.14700 ........ -Cl> 
<.> 
~ 0.14600 
I/) 
·;;; 
Cl> 

Q'. 0.14500 

0.14400 

0.14300 

0.14200 

0.14100 

0 2 d 6 8 10 
(time I min.) 

Resistance Measurement Terminal (H2-X2) 
time Resistance( Q) time Resistance( Q) time Resistance( Q) 

00:00 06:30 0.1446358 13:00 0.1433714 

00:30 07:00 0.1445143 13:30 0.1432946 

01:00 07:30 0 .1443944 14:00 0.1432231 

01:30 08:00 0.1442868 14:30 0.1431527 

02:00 08:30 0.1441759 15:00 0.1430832 

02:30 09:00 0.1440690 

03:00 0.1457573 09:30 0.1439701 

03:30 0.1455831 10:00 0.1438761 

04:00 0.1454208 10:30 0.1437824 

04:30 0.1452310 11 :00 0.1 436963 

05:00 0.1450685 11 :30 0.1 436090 

05:30 0.1449115 12:00 0.1435258 

06:00 0.1447712 12:30 0.1434470 

107 

S9ria: ~o. 

201208n TICE001 

12 14 

tim e(m in:sec) 

time Resistance( .Q) 

*Cold resistance = 0.1247599 (Q) at 22.0 (t) 

Winding resistance Measurement after Shutdown at Winding temperature 
0.1470495 
0 .1247599 x ( 234.5 + 22.0 ) - 234.5 = 67.83 

• Average winding temperature at ("C) = 67.83 

Date of Test : 2013. 02. 23 Tested by C. S. Ha 



Winding Resistance Cooling Curve 
(403M\f A illase, X2.uHOXO) 

After shutdown Resistance Value 0.0456076 (Q) 

0.04750 

0.04700 

0.04650 

0.04600 

--~ 0.04550 
c 
ro 
ti5 
Cii 
~ 0.04500 

0.04450 

0.04400 

0.04350 

0.04300 

0 

Hot - Resistance 

2 4 6 8 

I time I min.) 

Resistance Measurement Terminal (X2-HOXO) 
time Resistance{ Q) t ime Resistance( Q) time 

00:00 06:30 0.0446687 13:00 

00:30 07:00 0 .0446265 13:30 

01 :00 07:30 0 .0445859 14:00 

01:30 08:00 0 .0445482 14:30 

02:00 08:30 0.0445130 15:00 

02:30 09:00 0.0444771 

03:00 0.0450908 09:30 0 .0444448 

03:30 0.0450245 10:00 0 .0444146 

04:00 0.0449639 10:30 0 .0443850 

04:30 0.0449090 11 :00 0 .0443577 

05:00 0.0448326 11 :30 0.0443303 

05:30 0.0447699 12:00 0.0443043 

06:00 0.0447167 12:30 0 .0442804 

10 

Resistance( Q) 

0.0442563 

0.0442328 

0.0442127 

0.0441908 

0.0441691 

12 

time 

108 

Serial No. 

20120871 n\E001 

14 

tim e(m in:sec) 

Resistance( Q) 

*Cold resistance = 0.0384668 (Q) at 22.0 ('t) 

Winding resistance Measurement after Shutdown at Winding temperature 
0.0456076 
0.0384668 x ( 234.5 + 22.0 ) - 234.5 = 69.62 

*Average winding temperature at ("C) = 69.62 

Date of Test : 2013. 02. 23 Tested by C. S. Ha 



Temperature rise test 
(672MVA base) 

Serial No. 
20120871 TKE001 

Winding temperature Oil temperature Max. a_mbient temp. 40 "C 
Guarantee 

Cooling method ONAF2 
value 65 K 65 K 

Tap No. (HV/LV) 1/ 16L 

The sum of the no-load loss and load loss at 85 "C were supplied to the transformer. One of its windings 

was being excited and another short circuited. 

At that time the sum of total losses was 1641.206kW for 4:52[hours:min.] 

The oil temperature was measured via an oil pocket in the top cover. Then the transformer was excited 

with the rated current 1071 A for 1 :O[hour(s):min.). After the power was shut down, the resistance 

of the winding was measured and the winding temperature was evaluated from the increase of resistance. 

Temperature at Total losses 

1) Ambient temperature 27.83 

2) Oil in the thermometer-pocket temperature 83.70 

3) Oil radiator inlet temperature 78.50 

4) Oil radiator outlet temperature 42.90 

5) Difference between in and outlet 3) - 4) 35.60 

6) Ayerage oil temperature 2) - [ 5) x % ] 65.90 

109 

·c 
·c 
"C 

·c 
K 

·c 
7) Average oil temperature-rise 6) - 1) 38.07 K 

8) Maximum oil temperature-rise 

Temperature at Rated current 

a) Ambient temperature 

b) Oil in the thermometer-pocket temperature 

c) Oil radiator inlet temperature 

d) Oil radiator outlet temperature 

e) Difference between in and outlet 

f) Average oil tern perature 

Temperature of winding 

I) Average winding temperature(See cooling curve) 

II) Average winding temperature-rise( Over oil) 

111) Average oil temperature-rise(Over ambient) 

IV) Average winding temperature-rise( Over ambient) 

Calculation of winding hottest spot temperature 

2) - 1) 

c) - d) 

b) - [ e) x % ) 

I) - f) 

6) - 1) 

II)+ Ill) 

55.87 K 

28.37 ·c 
82.70 ·c 
77.40 ·c 
42.90 'C 

34.50 K 

65.45 ·c 

HV{H2-HO) LV(X2 -X3) 

79.25 ·c 81.59 ·c 
13.80 K 16.14 K 

38.07 K 38.07 K 

51.87 K 54.21 K 

Hot-spot temp. rise of winding = Max. top oil temp. rise+ [Average winding temp. rise( over oil) x k' 

c- k' (HV/LV) =1.3 / 1.3 8) + [ 11) x k' ] 73.81 K 76.85 K 

Date of Test 2013.02. 23 Tested by C. S. Ha 



HYUNDAI 
HEAVY INDUSTRIES CQ.,U'D. 

Temperature Recorder Chart 

110 

Serial No 
20120871 TKE001 

Test Object: 672MVA Base (ONAF2}, Test of Date : Feb-22-2013 

Channel CH1 CH2 CH3 CH4 CH5 CH6 
Point( A) 82.7 77.4 42.9 28.3 27.7 29.1 
Point(B) 83.7 78.5 42.9 27.7 27.2 28.6 

Date of Test: 2013.02.22 I Tested by : J. C. Song 
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Winding Resistance Cooling Curve 
?.01208'/iTKE001 

After shutdown Resistance Value 0.1526074 (Q) 

Hot - Resistance 
0.15841 

0.15641 

0.15441 

0.15241 

-g 0.15041 

~ 
'iii 
~ 0.14841 

0.14641 

0.14441 

0.14241 I 

0.14041 
0 2 4 6 8 10 12 14 16 

( time I min.) 

Resistance Measurement Terminal (H2-X2) tim e(m in:sec) 

time Resistance( Q) time. Resistance( Q) time Resistance( Q) time Resistance( Q) 

00:00 06:30 0.1477875 13:00 0.1455723 

00:30 07:00 0.1475576 13:30 0.1454516 

01:00 07:30 0.1473342 14:00 0.1453418 

01:30 08:00 0.1471222 14:30 0.1452332 

02:00 08:30 0.1469242 15:00 0 .1451275 
02:30 09:00 0.1467446 15:30 0.1450309 

03:00 0.1499744 09:30 0.1465640 16:00 0.1449364 

03:30 0.1496026 10:00 0.1464051 16:30 0.1448437 

04:00 0.1492420 10:30 0.1462430 17:00 0.1447566 

04:30 0.1489057 11:00 0.1460942 

05:00 0.1485925 11 :30 0.1459530 

05:30 0.1483056 12:00 0.1458192 

06:00 0.1480415 12:30 0.1456898 

*Cold resistance = 0.1247599 (Q) at 22.0 ("C} 

Winding resistance Measurement after Shutdown at Winding temperature 
0.1526074 
0.1247599 x ( 234.5 + 22.0 ) - 234.5 = 79.25 

• Average winding temperature at (t) = 79.25 

Date of Test : 2013. 02. 23 Tested by C. S. Ha 



Winding R·~si.stance Cooling Curve 
{612MVA bas~, X2"HOX0j 

After shutdown Resistance Value 0.0474035 (Q) 

Hot - Resistance 

I 
! 

0.04837 
I 
! 

........... ' ' 
0.04737 

,,._ 
............. 

~ I"'--.... 
~ 

........ 
c: 
19 0.04637 

"' --I -...... ~ 
' --.. .... .____ - --.. 0.04537 

~ -
0.04437 

' 
0.04337 

0 2 4 6 8 10 12 
I time I min.) 

Resistance Measurement Terminal (X2-HOXO) 

time Resista nee( Q) time Resistance( Q) time Resistance( Q) 

00:00 06:30 0.0457434 13:00 0.0449897 
00:30 07:00 0.0456640 13:30 0.0449497 

01:00 07:30 0.0455877 14:00 0.0449121 
01:30 08:00 0.0455157 14:30 0.0448756 
02:00 08:30 0.0454486 15:00 0.0448403 
02:30 09:00 0.0453864 15:30 0.0448073 
03:00 0.0464948 09:30 0.0453267 16:00 0.0447762 

03:30 0.0463656 10:00 0.0452720 16:30 0.0447448 
04:00 0.0462419 10:30 0.0452180 17:00 0.0447149 
04:30 0.0461264 11 :00 0.0451666 

05:00 0.0460193 11 :30 0.0451187 
05:30 0.0459195 12:00 0.0450740 
06:00 0.0458294 12:30 0.0450298 

i 

14 

time 

11 2 

Serial Ne. 

2012os11nn::oo1 

1 
! 

-

16 

time(m in:sec) 

Resistance( Q) 

"'Cold resistance = 0.0384668 (Q) at 22.0 ("C) 

Winding resistance Measurement after Shutdown at Winding temperature 

o.o474o35 x ( 234 5 + 22 0 ) - 234.5 = 81.59 
0.0384668 . . 

* Average winding temperature at (t) = 81.59 

Date of Test : 2013. 02. 23 Tested by C. S. Ha 



A HYUNDA.I 
ffm'Y IPl iJW.rtUts C0.,1.Ti>. 

Temperature rise test 
(SMVA base) 

Serial No. 
20120871 TKE001 

Winding temperature Oil tern perature Max. ambient temp. 40 t 
Guarantee 

Cooling method ONAF2 
value 65 K 65 K 

Tap No. {HV/LV) 1/16L 

The sum of the no-load loss and load loss at 85 t were supplied to the transformer. One of its windings 

was being excited and another short circuited. 

At that time the sum of total losses was 1641.206 kW for 4:52 [hours:min.] 

The oil temperature was measured via an oil pocket in the top cover. Then the transformer was excited 

with the rated current 8.0 A for 1 :O [hour:min.]. After the power was shut down, the resistance 

of the winding was measured and the winding temperature was evaluated from the increase of resistance. 

Temperature at Total losses 

1) Ambient temperature 

2) Oil in the thermometer-pocket temperature 

3) Oil radiator inlet tern perature 

4) Oil radiator outlet temperature 

5) Difference between in and outlet 

6) Average oil temperature 

7) Average oil temperature-rise 

8) Maximum oil temperature-rise 

Temperature at Rated current 

a) Ambient temperature 

b) Oil in the thermometer-pocket temperature 

c) Oil radiator inlet temperature 

d) Oil radiator outlet temperature 

e) Difference between in and outlet 

f) Average oil temperature 

3)- 4) 

2) - [ 5) x % ] 

6) - 1) 

2) - 1) 

c) - d) 

b) - [ e) x % ) 

27.83 

83.70 

78.50 

42.90 

35.60 

65.90 

38.07 

55.87 

28.00 

60.70 

58.30 

34.60 

23.70 

48.85 

11 3 

'C 

·c 
°C 

·c 
K 

·c 
K 

K 

·c 
·c 
'C 

°C 

K 

·c 

Temperature of winding TV(Y2-Y3) 

I) Average winding temperature(See cooling curve) 

II) Average winding temperature-rise(Over oil) 

111) Average oil temperature-rise(Over ambient) 

IV) Average winding temperature-rise(Over ambient) 

Calculation of winding hottest spot temperature 

I) - f) 

6) - 1) 

11) + Ill} 

Hot-spot temp. rise of winding = Max. top oil temp. rise+ [Average winding temp. rise( over oil) x k' 

rr k' (TV} = 1 .3 8) + [ 11) x k' ] 

Date of Test 2013. 02.23 Tested by C. S. Ha 

63.40 ·c 
14.55 K 

38.07 K 

52.62 K 

74.79 K 
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A HYUNDAI Temperature Recorder Chart Serial No 
20120871TKE001 HEAVY INDUSTRIES CO..ll'D.. 

Test Object: SMVA Base (ONAF2},HV-TV Test of Date : Feb-23-2013 

Channel CH1 CH2 CH3 CH4 CHS CH6 

Point(A) 60.7 58.3 34.6 27.8 27.7 28.5 

1-

~ 
::i 
0 :c -Q) 

E 
j:: 

1

•

10 

P-----1--.--f---1---t---tif L-~inJo~:o 0~--t-- -i-~ 
100 - --T--r-- -i----1---i---~- -+--1--=-~--1-~---- ---I 

0 50 --- ---1---r- r- -i---f--t ------------ _L--,---r ----
__ J __ -1---1-3 -~--T--21 

- ___ L_ -- --t--t---
0:40 ---- ---- -- - . ---· .J __ -------- -· --- --------~---·----- - -- --

-- __ I_ --L J __ J __ L __ [ 2\ ___ ~-- ______ l_ _ __ J _________ _ 
0:30 

Radiator inlet temp. 

Date of Test: 2013.02.23 J Tested by : J. C. Song 



Winding Resistance CoolinH Curve 
(SMVA b~e3, Y2sY3) 

After shutdown Resistance Value 0.0034033 (Q) 

0.00370 

0.00360 

0.00350 

§: 
Oi0.00340 
(,) 
c: 
~ · 
gj 
oc0.00330 

0.00320 

0.00310 

0.00300 

0 2 

Hot - Resistance 

i 

4 6 8 
( lime/ min.) 

Resistance Measurement Terminal (Y2-Y3) 
time Resistance( Q) time Resistance( Q) time 

00:00 06:30 0.0032597 13:00 

00:30 07:00 0.0032547 13:30 
01:00 07:30 0.0032497 14:00 
01:30 08:00 0.0032457 14:30 

02:00 08:30 0.0032427 15:00 
02:30 09:00 0.0032377 
03:00 0.0033167 09:30 0.0032348 

03:30 0.0033067 10:00 0.0032333 
04:00 0.0032937 10:30 0.0032326 
04:30 0.0032847 11 :00 0.0032316 

05:00 0.0032767 11 :30 0.0032315 
05:30 0.0032717 12:00 0.0032302 

06:00 0.0032657 12:30 0.0032312 

10 

Resistance( Q) 

0.0032301 

0.0032298 

0.0032291 

0.0032289 

0.0032286 

11 5 

2012oa11Tm::co1 

12 14 

t ime{m in :sec) 

time Resistance( Q) 

*Cold resistance "' 0.0029303 (Q) at 22.0 ('C) 

Winding resistance Measurement after Shutdown at Winding temperature 
0.0034033 
0.0029303 x ( 234.5 + 22.0 ) - 234.5 = 63.40 

*Average winding temperature at ('C) = 63.40 

Date of Test : 2013. 02. 23 Tested by C. S. Ha 



j~HYUNDAI 
HEAVY INDUSTRIES CO.U'D. 

Thermal scan at during 
Heat-run Test 

Serial No. 
20120871 TKE001 

Test condition : ONAF2 Rating 672MVA Base (Ambient Temp: 27'C) 

HV side 

£14.5 

77 

70 

63 

56 

49 

42 

JS 

249 
-c 

TV side 

Top View 

Date of Test 2013. 02. 23 Tested by 

LV side 

PNL side 

956 

88 

80 

72 

64 

56 

48 

40 
32 

24.6 
·c 

B. Y. Cheon 

116 

104.6 
99 

90 

81 

72 

63 

54 

45 

36 

25.1 
'C 

88.0 
84 

77 

70 

63 

56 

49 

42 

35 

28 
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~HYUNDAI Fiberopt.ic temparatm"e Sarial No. 
HEAVY INDUSTRIES CO.,LTD. (VVTS monitor) k:f: ~ 2og1·nKt~u~ ·1 

Time Ch1-H1 Ch2-H2 Ch3-H3 Ch4-X1 Ch5-X2 Ch6-X3 Ch7-H2 Ch8-X2 Remark 

02.22 18:00 30.2 29.8 30.1 27.8 29.3 29.7 28 .. 8 28.7 
-----·--- --------- ------

19:00 44.2 43.9 43.5 41.2 39.7 38.7 37.7 40.3 
------·- -- ·----·-· 

20:00 63.8 63.8 63.8 60.2 54.7 51.7 48.1 55.7 
--------·-----------------

21:00 74.6 75 73.8 71.5 69.3 68.8 62.3 69.3 
---- ···----

22:00 80.8 80.9 79.7 77.5 77 78 69.8 78.1 
·------ -------·- --------

23:00 84.7 84.7 83.3 81 81.1 82.1 73.9 79.7 
·----·-------- ------------------------ ONAN rating 

0:00 87.7 87.7 86.2 83.8 84.2 . 85.1 77.6 82.6 403MVA ---------------- -----
1:00 86.5 86.4 84.8 82.9 83.7 . 85.1 78.4 82 base 

2:00 86.3 86.3 84.7 82.9 83.6 84.6 78.5 82 
(Total loss) 

3:00 86 86.1 84.5 82.6 83.2 83.6 77.2 81.3 

4:00 85.9 86 84.3 82.5 83 82.9 77.8 81.4 
; 

-----
5:00 86.1 86.2. 84.5 82.9 83.1 83.4 77.8 81 .3 . 
- -· ------ -------- .. . 

6:00 86.5 86.fr 84.8 83 83.2 83.6 77.9 81.9 
---------- ' . ---------·- --- --~---

7:00 86.9 86.9 85.4 83.4 83.4 83.7 78.5 82.2 

8:00 87.2 87.2 85.7 83.6 83.5 84.2 78.7 
I 

82.5 
------·· 

8:40 83.5 83.5 82 80.5 80.7 81.2 76.4 79.6 
. -·-- ··---·---- -----------,-

9:40 70.9 71.1 70.4 69.7 70.9 68.1 68.1 69.8 Rated cu rre nt 

10:10 67.2 67.2 66.9 66 67.2 66.9 64.8 66.5 
- --~----------· 

11 :00 108.8 106.7 106 101.7 99 97.3 89 98.4 ONAF2 

12:00 109.4 109.4 106.6 102.4 97.2 95.2 83.5 96.2 rating 
---·------ ·---- 672MVA 

13:00 109.1 109.1 106.3 102.1 96.1 93.6 81.2 94.6 base · - - -----
14:00 109.6 109.5 106.7 102.7 96.8 94.7 83 96 (Total loss) 

-----· ~-----·-· -

15:00 107.8 107.7 105.3 101.2 95.8 93.6 83.1 94.9 
-------------- . ·-- ·----------- ------- ------· 

16:00 107 106.8 104.2 100.5 94.8 92.4 81 93.6 Rated cu rrent 

* Remark : Fiberoptic sensor position 

1. HV side probe #1,2,3, 7 

2. LV side probe #4,5,6,8 

Date of Test : 2013. 02. 22- 23 Tested by : C. S. Ha 



A.HYUNDAI Switching impulse voltage 
withstand test 

Serial No. 
20120871TKE001 HEAVY INDUSTRfES CO.,IJD. 

Impulse generator 

Date of Test 

Switch~ng !mpulse voltage ~~st with HV winc!ing 

Voltage Multiple 
divider chopping gap 

* Tp means peak voltage time. 

* Td means 90% voltage time. 

Y1 Y2 Y3 TR Tank 

•• •l~ 

* To means drop the zero point time. 

2013. 02. 24 I Tested by C. S. Ha 
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& HYUNDAI Switching Impulses 
Test Report liUllY IWUSTIUES en.on. 

SI-Switching Impulse Pictures 
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 [µs] 

H1 Tap 5 /16R 62.07% SI RW 
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: : : I I t o I ' 
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I I t I I I I f 1 1 
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[A] 
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·------- ----j~-- --·t ·. -------[--------· t-· -------j··-------1---------i··--· ---·t· --·----· t·--------1---------: 

• A: - , , ' " ' ' . , • 

-40 
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-80 
0 I I .I I I I . o I o 

500 1000 1500 2000 25()0 3000 3500 4000 4500 lµs] 

H1Tap5/16R100% SI FW 

Date oftest: 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No: 1 
Ch1 : H1 
Up= -536.5 kV 
Tp = 263.6 µs 
Td = 365.7 µs 
Tz = 2427 µs 
Ch2: HOXO 
+Ip= 11 .20 A 
-Ip= -42.78 A 

No: 2 
Ch1 : H1 
Up = -872.8 kV 
Tp = 264.2 µs 
Td = 481 .4 µs 
Tz = 1639 µs 
Ch2:HOXO 
+Ip= 18.32 A 
-Ip= -87.36 A 
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Switching Impulses 
Test Report 

SI-Switching Impulse Pictures 

Trg : : : : : : : : :~:: :::::: :f ::::::::: f:: _:::::: j :: :: : ::: : ; : :::::: ::~:: :: : :::::~: ::: :: : ::f::: ::: : : : f :: :::: :: : ; 
-
400 

______ __ :::::::::r::::::r:::::::r: ::::::r:::::::r::::::+:::::::r::::::+:::::_J:::::_J 
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-1 ooo --.- -..-- -- -.-- -------:---- ·-----:----------r-- ---- --.- ~--- .. ---- -: ~- --- --- ---:-- -- -- --- ~:- - --- --- --r--- --- -~~f- - ---- - - -~ 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 [µSJ 
[A] 

20NdJv OOµs/div :CH2: 10 M~ls : : : : : : Chl 
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ti : : :\ . : : ___J-------r--- : : : -------- v·------r--------r-------r-\--1\l/~;::r----i----------t·--------r·-- ------;---------J: 

: : ::::::::·r: :r-- ·:v:;_::: r:•:::r:::r F • r ::: ; 
-40 

-80 

1000 1500 2000 2500 3000 3500 4000 4500 [µs) 

H1 Tap 5 /16R 100% SI FW 

Date of test : 2/24/2013 I Tested by: C. S. Ha 

Serial No. 
20120871TKEOO 1 

No:3 
Ch1: H1 
Up= -868.8 kV 
Tp = 264.1 µs 
Td = 488.5 µs 
Tz = 1665 µs 
Ch2:HOXO 
+Ip= 18.26 A 
-Ip= -86.59 A 
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A HYUNDAI 
MUll'Y INDUSUllU a>,J.TD. 

SI-Switching Impulse Pictures 

Switching Impulses 
Test Report 
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.500 1000 1500 ·2000 2500 3000 3500 4000 4500 [µs] 

H2 Tap 5/16R100% SI FW 

Date of test: 2/24/2013 I Tested by: C. s. Ha 

Serial No. 
20120871TKE001 

No: 1 
Ch1: H2 
Up = -539.9 kV 
Tp = 268.4 µs 
Td = 333.8 µs 
Tz = 4370 µs 
Ch2: HOXO 
+Ip= 11.70 A 
-Ip= -38.95 A 

No: 2 
Ch1 : H2 
Up = -869.6 kV 
Tp = 269.0 µs 
Td = 358.7 µs 
Tz = 2393 µs 
Ch2: HOXO 
+Ip= 18.49 A 
-Ip= -78.33 A 
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A.HYUNDAI 
KE_INY lff_~ CO.~ 

Switching Impulses 
Test Report 

SI-Switching Impulse Pictures 
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1 I I I • 1 1 1 I ~ 1 
I l I I ! I f I O I 
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' ' I 0 I t I f o o 
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500 1000 1500 2000 2500 3000 3500 4000 4500 [l's] 

H2 Tap 5/16R100% SI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No: 3 
Ch1 : H2 
Up= -870.4 kV 
Tp = 268.9 µs 
Td = 359.6 µs 
Tz = 2391 µs 
Ch2: HOXO 
+Ip= 18.65 A 
-Ip= -78.50 A 
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~HYUNDAI 
HVNY INDUmtlU CD..U'D. 

SI-Switching Impulse Pictures 

Switching Impulses 
Test Report 
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H3 Tap 5/16R100% SI FW 

Date of test: 2/24/2013 I Tested by : c_ s. Ha 

Serial No. 
20120871 TKE001 

No: 1 
Ch1: H3 
Up= -537.6 kV 
Tp = 263.6 µs 
Td = 335.4 µs 
Tz = 2951 µs 
Ch2:HOXO 
+Ip= 12.09 A 
-Ip = -37.96 A 

No: 2 
Ch1: H3 
Up = -870.0 kV 
Tp = 264.3 µs 
Td = 350.6 µs 
Tz = 1720 µs 
Ch2:HOXO 
+Ip= 19.43 A 
-Ip = -85.59 A 
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Switching Impulses 
Test Report 

Sl~Switchlng Impulse Pictures 
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H3 Tap 5/16R100% SI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No:3 
Ch1: H3 
Up = -869.9 kV 
Tp = 264.2 µs 
Td = 351.3 µs 
Tz = 1731 µs 
Ch2: HOXO 
+Ip= 19.48 A 
-Ip = -85.42 A 
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HYUNDAI 
lfeAVY INDUSTillES <:O..LTD. 

Lightning impulse voltage 
withstand test 

Serial No. 

LigMn!ng impulse voltage test wi~h HV winding 

H1 H2 

1 
Impulse generator Voltage Multiple 

divider chopping gap 

Y1 Y2 Y3 TR Tank 

I I ll -i_ 77777T 

Date of Test 2013. 02. 24 I Tested by C. S. Ha 
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Lightning Impulses 
Test Report 

LI-Lightning Impulse Pictures 
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Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No = 1 
Ch1: H1 
Up= -650.5 kV 
T1=1.242 µs 
T2 = 51.94 µs 
Ch2: 
H2+H3+LV+HOXO 
+Ip= 362.3A 
-Ip = -695.4 A 

No =2 
Ch1: H1 
Up= -1049 kV 
T1=1.255 µs 
T2 = 52.17 µs 
Ch2: 
H2+H3+LV+HOXO 
+Ip= 580.7 A 
-Ip= -1120A 
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HYUNDAI 

LI-Lightning Impulse Pictures 

IA) 

Lightning Impulses 
Test Report 
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Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No=3 
Ch1: H1 
Up= -1157 kV 
T1=1.255 µs 
Tc= 3.392 µs 
Ch2: 
H2+H3+LV+HOXO 
+Ip= 1544A 
-Ip= -1665 A 

No=4 
Ch1: H1 
Up= -1155 kV 
T1=1.255 µs 
Tc= 3.260 µs 
Ch2: 
H2+H3+LV+HOXO 
+Ip= 1720A 
-Ip= -1766 A 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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H1Tap5 /16R 62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871 TKE001 

No= 5 
Ch1: H1 
Up= -1050 kV 
T1=1.253 µs 
T2 = 52.20 µs 
Ch2: 
H2+H3+LV+HOXO 
+Ip= 581 .7 A 
-Ip= -1120 A 

No=6 
Ch1: H1 
Up = -651.2 kV 
T1=1.245 µs 
T2 = 51.96 µs 
Ch2: 
H2+H3+LV+HOXO 
+Ip= 363.3A 
-Ip = -695.4 A 
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Lightning Impulses 
Test Report 

LI-Lightning Impulse Pictures 
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(kV) 

~~~~~ :~:l~:~~:3!~~:::::i::::::::+: ::::::T:::::::r:::::-:::;:::::::::;::::: ::::t::::::: :: ~~ 
0 

t I I I I I I I I ------- -- ----.... ·.~ - t- ----·- ~ --~ ---------:-------"·:----------~ --~ ----~ -:--------· f · --- -.. ---:.---------:-------. ·-
Trg • • - • ••• • - - •• • • ····: • •• ·- · • •• ~ • ··-"· • • • ~- • • • • ·' •• ~- -· • • ·' · - ·~ - ---· • • • -~· • • •• ••• · : • •••• - - • -~-- • - - -···"- - - -

·:::: ::: : : ::: : : : ::: t: :: ::::.:: j: :::::.::: t:::: :: : : t:::::: :::t:: ::: : : : :t: :::::·· -~ -::::·:::: ~:. --: : :::t::::::::: 
-400 • I • I I ~ I. I --------- ---------? -- -------:----·--- !--. - . :· ..... -- ~::.. :···-------:---------:---------:-------·--
-600 : : : : ::::: ::: : ::: :: ~ ::: : :: : :: ~:::: ::: :: t·-··::: : ~:~ --_: :: : :t::: :: : :: : ~ :: ::: : ::: i:: ::: : ::: ~ ::::: ::: : +::::: ::: · 
-800 ; - --':·--1---- ----- ~----------r --- --- ---r-- -------t·· -..... ---1---- -----t ---------

· r ··-------:·------ ·· 1· -------··:··---- --··r· ----- ···r·· ------- ~------ -- -~---- ---- -·:----------

-1000 : :::::::: __ :: ::: : : ~ ::: : :: : :: 1:::: ::: :: ~: ::::::::+: :: : : ::: :~: :: : :: :·:: ~:: ::::::: ~ :::::::: : ~:::::: :::T:::: :: : :: 
-1200 - --- ---- - --------.· ~ --- - --- -- ~- -- - --- --~--- - -·---- ..!- ----- --- .:... -- ---- --- ~------- .• !. -- - ---- - ~ -- --- ----..!- ---- ---.--

10 20 30 50 60 70 80 90 [µsj 

V'll 
300A/poc. .di< •• c:H2:200.MS/s ...... . ~' •.•••••• -~- - ••• •••• : •..... . •• : •• ••• •••• ~·- ••••• _ •. ~-- __ --'"" -~- •• • • • • • • Ch l 

: : : : : : : : : '.:ti~ 
--------- --------· t ··-------1---------i----------r------ ---r-------- -r---------~ - - -------1-- --------r---------
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20 40 60 80 100 120· 140 100 {llsJ 

H2 Tap 5 /16R 100.1% LI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 1 
Ch1: H2 
Up = -650.3 kV 
T1=1.240 µs 
T2 = 51.86 µs 
Ch2: 
H1+H3+LV+HOXO 
+Ip= 359.2A 
-Ip= -697.5 A 

No= 2 
Ch1 : H2 
Up = -1048 kV 
T1 =1.250 µs 
T2 = 52.13 µs 
Ch2: 
H1+H3+LV+HOXO 
+Ip= 571 .3A 
-lp=-1124A 
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liYUNDAI 

LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Serial No. 
20120871TKE001 

No= 3 
Ch1: H2 
Up= -1157 kV 
T1 =1.251 µs 
Tc= 3.290 µs 
Ch2: 
H1+H3+LV+HOXO 
+Ip= 1619 A 
-Ip= -1833 A 
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H2 Tap 5 /16R 110% LI CFW 

Date of test: 2/24/2013 I Tested by : C. S. Ha 

No=4 
Ch1 : H2 
Up= -1155 kV 
T1 = 1.249 µs 
Tc= 3.201 µs 
Ch2: 
H1+H3+LV+HOXO 
+Ip= 1770A 
-Ip= -1904 A 
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HYUN Al 

LI-Lightning Impulse Pictures 

(l<V) 

Lightning Impulses 
Test Report 
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20 40. eo 80 100 120 140 160 160 ll!s) 

H2 Tap 5 /16R 62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No=5 
Ch1: H2 
Up= -1050 kV 
T1=1.249 µs 
T2 = 52.15 µs 
Ch2: 
H1+H3+LV+HOXO 
+Ip= 574.5 A 
-Ip= -1128 A 

No= 6 
Ch1: H2 
Up= -650.5 kV 
T1=1.240 µs 
T2 = 51.96 µs 
Ch2: 
H1+H3+LV+HOXO 
+Ip= 358.1 A 
-Ip = -699.5 A 
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• : 'ti , 1+1- - r · -~v·+.. ~ • . ......•... ··· . • .............. • ; --±:::::::::::: 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 

!99Wl~ _l_C11!~!~'!.j£tjL4QC}_~S/s~-----i ··---- - -+-·-··-+······· -f ···--··-+····-·+····--+--·--··· ~ 
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-800 .••.•. ... ·-- •• - ·. -· •• • • ·--·.' •• • - ...••• ••• •• •• ··· -· • •• ·--. -· . •..•. • ..•• · - - •••• ·- - • . ·--·· •..••• · -·-- . . · -.- "°. ·-., . 
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IA] 
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H3 Tap 5 /16R 62% LI RW 

Serial No. 
20120871TKE001 

No= 1 
Ch1: H3 
Up= -656.0 kV 
T1=1.255 µs 
T2 = 52.04 µs 
Ch2: 
H1+H2+LV+HOXO 
+Ip= 334.2A 
-Ip= -709.0 A 

fkY) 

'.~~~~ :~:i ~'.~~:i'.~::::::r~::::: :r::::::T ::::::::;:::::::::;:::::::::;:::::::: +:::::::: ~~ . 
No=2 
Ch1: H3 

I I I I I I 'I I I 

------- -- ----·--·· t ··--- ----:- -- ------:----------::- ---------~ --- ------~;, --------~ ---------:----------:------- ---
Trg . -. ·---·. • ... ·- ·-.: ·----·. -. ~ . •.••• • --~--· ••• •• - ·~ . •.. -. ·• -~ -... -- · - -~ ----· ·-·. ~. ··--·. -. ~- •----- -. -'·. ·-
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--- ------· :: : :: :::~::: :::: :: ~ :::: :: : : : J:---· :::: ~:- __ :::::~:: :~: ::: :~: ::::: ::: ~ ::: : :::::1:: ::: :: : :+:~:: :: :: : 
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[A) 
300Ndiv 20µsldiv CH2 200 M Sis • • ' • • • • 011 . -. --. ·-· ....... ···· 1 · -.. ----· 1 · --- --. -"-1·--------·j-.• ·-·. ··-r .. ·-· ... ·i· .. -.. ·-· 1--·-·. ·-. i·. ··--· .. + ... ·---·. r:i-.2 

600 .•. · -· •• • ·----·· ·: · -·. ·---.;. - ------~- ·-. ·--- · ~- · -- ·-···. : . ··-· ·--· :-. ---- --· i .. -· ··-· - ~-- ·-___ __ .;. ........ . + l i : : : : : : : : --- ------ · {ff·----1-- -------1---------T---------r---------r---------r---------r·--·----r·------- -r--- ------

,00' :::::.\~~~r~'3\~,~~C-:t F::.:+ .: F I.::~E= 
: : : : ...,,,.~i----:- ~ 
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20 40 60 80 100 120 140 160 11!0 [)Js] 

H3 Tap 5 /16R 100% LI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Up= -1045 kV 
T1 = 1.263 µs 
T2 = 52.36 µs 
Ch2: 
H1+H2+LV+HOXO 
+Ip= 531 .7 A 
-Ip= -1132 A 
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Ll~Lightning Impulse Pictures 
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Lightning Impulses 
Test Report 
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700A/cfiy- div - -Cttt200-MS1s-- ~-- --- • - --- -- ~ - - --- - --- --:- -- -- - -- - - -: - ---- --- --- ~ - - - --- - -- -- -~ -- - ---- - - --~ - -- Ch i 
~ : : : : : : : · ~ .. }'°~ 
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' •oo : : :: : ::· :+~~JM •i ~·~\ r\ E :: :: F ::,:::L : :: ::r :: •• f ::. F 
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H3 Tap 5/16R110.1% LI CFW 

Date of test : 2/24/2013 I Tested by : c_ S. Ha 

Serial No. 
20120871TKE001 

No =3 
Ch1: H3 
Up= -1153 kV 
T1 = 1.265 µs 
Tc= 3.122 µs 
Ch2: 
H1+H2+LV+HOXO 
+Ip= 2134A 
-Ip= -2263 A 

No= 4 
Ch1 : H3 
Up= -1154 kV 
T1=1.263 µs 
Tc= 3.103 µs 
Ch2: 
H1+H2+LV+HOXO 
+Ip= 2157 A 
-Ip= -2280 A 
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HYUNDAI 

LI-Lightning Impulse Pictures 

(kV} 

Lightning Impulses 
Test Report 
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Date of test : 2/24/2013 I Tested by: C. S. Ha 

Serial No. 
20120871TKE001 

No=S 
Ch1: H3 
Up= -1055 kV 
T1=1 .263 µs 
T2 = 52.33 µs 
Ch2: 
H1+H2+LV+HOXO 
+Ip= 539.1 A 
-Ip= -1141 A 

No=6 
Ch1: H3 
Up = -649.3 kV 
T1=1.255 µs 
T2 = 52.16 µs 
Ch2: 
H1+H2+LV+HOXO 
+Ip= 334.2 A 
-Ip = -704. 7 A 
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£ HYUNDAI 
HU.VY INDUSTRIES CO.,LTD. 

Ligh~:n~ng impu~se voaage 
wiihstand ~est 

Serial No .. 
20120871TKE001 

Lightnir.g impulse voltsge test with LV winding 

H1 

1 
Impulse generator Voltage Multiple 

divider chopping gap 

Y1 Y2 Y3 TR Tank 

I I 11- -:i; 

Date of Test 2013. 02. 24 I Tested by C. S. Ha 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 1 
Ch1: X1 
Up = -402. 7 kV 
T1 = 1.425 µs 
T2 = 34.42 µs 
Ch2: 
X2+X3+HV+HOXO 
+Ip= 71.46 A 
-Ip= -2335 A 

No=2 
Ch1: X1 
Up = -650.1 kV 
T1 =1.438 µs 
T2 = 35.06 µs 
Ch2: 
X2+X3+HV+HOXO 
+Ip= 116.9 A 
-Ip= -3789 A 
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liVUNDAI 

LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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X1Tap1/16L110.15% LI CFW 

Date of test : 2/24/2013 l Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No =3 
Ch1: X1 
Up= -716.2 kV 
T1=1.443 µs 
Tc= 4.102 µs 
Ch2: 
X2+X3+HV+HOXO 
+Ip= 2239 A 
-Ip= -1894 A 

No=4 
Ch1: X1 
Up= -716.1 kV 
T1 = 1.439 µs 
Tc=4.141 µs 
Ch2: 
X2+X3+HV+HOXO 
+Ip= 2270 A 
-Ip= -1860 A 
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LI-Lightning Impulse Pictures 

:lkVJ 

Lightning Impulses 
Test Report 
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20 40 60 80 100 120 140 160 180 [µs} 

X1 Tap 1 /16L 62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 5 
Ch1 : X1 
Up = -649. 7 kV 
T1 = 1.437 µs 
T2 = 34.35 µs 
Ch2: 
X2+X3+HV+HOXO 
+Ip= 111.SA 
-Ip= -3786 A 

No=6 
Ch1: X1 
Up = -403.1 kV 
T1 = 1.428 µs 
T2 = 34.34 µs 
Ch2: 
X2+X3+HV+HOXO 
+Ip= 73.53A 
-Ip= -2338 A 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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X2 Tap 1/16L100% LI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871 TKE001 

No = 1 
Ch1: X2 
Up = -404.2 kV 
T1 = 1.369 µs 
T2 = 34.50 µs 
Ch2: 
X1+X3+HV+HOXO 
+lp=49.64A 
-Ip= -2345 A 

No =2 
Ch1 : X2 
Up = -649.6 kV 
T1=1 .378 µs 
T2 = 34.68 µs 
Ch2: 
X1+X3+HV+HOXO 
+Ip= 79.98A 
-Ip= -3784 A 
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HYUNDAI 

LI-Lightning Impulse Pictures 

(kVJ 

Lightning Impulses 
Test Report 
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: : : : : : : : : cl\2 

200 ··-·-- · -- -·--·---·-:--· · : · ·--:----· .• ··r··-- -··-:--·- -.·-··: · ·-·---·· r·--~---·:-· ·-··-· ·:-··----· --:· ·-···· ·· 

- --- - - - - - ·- - - - -----~ -- - -- - - - - -:- - -- - - - :-- -- - - - - - - - - - - - -- . 1. - -- - - - - - - :- - - - - - - - - ~- - -- - - - - -"'!"" - --- -- - --:-- - -- - - -- -

0 
: : l • : ~ : 

Trg 

· 400 

600 

-800 

-2 0 4 6 8 10 12 14 16 18 (µs] 

(A) 
600.Al<iv -div CH2:200 MSis : : : : : : : C'hl ----------------·---1---- ~~~-----~-- - - --------1----------·t · ----------~ -----------1---- --------l-- ---------;--- Ct.: 

--- ------ -----..... -·;· --- ·rr----"':- --------- --~ ------- ----i- ------ ----: - __ ... _ - -----;-- --- ---- ---:----- ------ - ·:- - .. -

1200 --------- ····--··-·+--n---+···--·--+---------+---------+---- --··-+··--·---+--------+--
____ -- --- -- ~ - -----

1
-:-- -·:- -;----:-r ·------·-:----- -- -- --:----- ---- --:------ ---·---:---------- --:--- --------r ---

• /' ! (\ I j : I ....... I ~ I , I I 

0· ' ' ., ' ' I ' . ./ ' ' I I : I [ J " :; ' ,, : .' \ :I :,., i : , _ : ' -·------· c;-r --\1t·----·-v-·\·:··1·'-).r\t··--r·---·-\:?"-"".:.7---1···---· ---'?~-"-.J: ---
·1200 - -- -- -- -- ·v_ '..J_ ----\v ·---- - --~--1--- -V·\: ---r------- ----r------- ~ 1 ·----------1--------- ___ i _______ -----r---

.------.--- -----------~-----------i------------~ -----------r- ----- -- --·i · ----------i-- ------- ---r-----------r---
-2400 - - - - - --- - - - - - - - --- --1· -------· --1· -----· · --. ;r ----- ---· -· r · ·-· · --· · --;-------· ---1-- ----· -----r--· ---· · -· ·r ·-· 

6 12 18 30 36 42 48 (µs) 
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0 6 12 18 24 30 ·3e 42 48 [µs) 

X2 Tap 1/16L110% LI CFW 

Date of test : 2/24/2013 l Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 3 
Ch1 : X2 
Up= -715.5 kV 
T1=1.389 µs 
Tc= 4.045 µs 
Ch2: 
X1+X3+HV+HOXO 
+Ip= 2199A 
-Ip= -2017 A 

No= 4 
Ch1 : X2 
Up= -714.3 kV 
T1=1 .381µs 
Tc= 4.105 µs 
Ch2: 
X1+X3+HV+HOXO 
+Ip= 2192 A 
-Ip= -2013 A 
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Ll·Lightning Impulse Pictures 

(KV] 

Lightning Impulses 
Test Report 
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X2 Tap 1 /16L 62% LI RW 

Date of test: 2/24/2013 I Tested by : c. s_ Ha 

Serial No. 
20120871TKE001 

No=5 
Ch1: X2 
Up = -650.2 kV 
T1 = 1.383 µs 
T2::: 34.62 µs 
Ch2: 
X1 +X3+HV+HOXO 
+Ip::: 75.78 A 
-Ip::: -3784 A 

No= 6 
Ch1 : X2 
Up::: -402.3 kV 
T1::: 1.367 µs 
T2 = 34.57 µs 
Ch2: 
X1 +X3+HV+HOXO 
+Ip= 50.68A 
·Ip= ·2336 A 
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HYUNDAI Lightning Impulses 
Test Report 

LI-Lightning Impulse Pictures 
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X3 Tap 1 /16L 100% LI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 1 
Ch1: X3 
Up = -404.0 kV 
T1 = 1.310 µs 
T2 = 35.22 µs 
Ch2: 
X1+X2+HV+HOXO 
+Ip= 34.05 A 
-Ip= -2328 A 

No=2 
Ch1 : X3 
Up = -649.8 kV 
T1 = 1.320 µs 
T2 = 35.31 µs 
Ch2: 
X1+X2+HV+HOXO 
+Ip= 10.69A 
-Ip= -3758 A 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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X3Tap1/16L110% LI CFW 

Date of test : 2/24/2013 I Tested by : C. $. Ha 

Serial No. 
20120871TKE001 

No=3 
Ch1: X3 
Up= -715.1 kV 
T1 = 1.326 µs 
Tc=4.116µs 
Ch2: 
X1+X2+HV+HOXO 
+Ip= 2352 A 
-lp=-1816A 

No =4 
Ch1 : X3 
Up = -714.0 kV 
T1=1.323 µs 
Tc= 4.180 µs 
Ch2: 
X1 +X2+HV+HOXO 
+Ip= 2342A 
-Ip= -1822 A 
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liVUNDAI 

LI-Lightning Impulse Pictures 

[kVJ 

Lightning Impulses 
Test Report 
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X3 Tap 1/16L62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Up= -649.6 kV 
T1=1 .319 µs 
T2 = 35.32 µs 
Ch2: 
X1+X2+HV+HOXO 
+Ip= 8.592A 
-Ip = -3758 A 

No =6 
Ch1 : X3 
Up = -402.4 kV 
T1 = 1.311 µs 
T2 = 35.24 µs 
Ch2: 
X1+X2+HV+HOXO 
+Ip= 14.31 A 
-Ip= -2317 A 
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HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

lightning impu~se vo!tage 
withstc:nd. test 

Serial No. 
20120871TKE001 

Lightning impuise voltags tes·~ with N winding 

H1 

X1 

Impulse generator Voltage Multiple 
divider chopping gap 

Y1 Y2 Y3 TR Tank 

I I 'l ~ 

Date of Test 2013. 02. 24 I Tested by C. S. Ha 
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HYUNDAI 

LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 1 
Ch1 : HOXO 
Up = -93.24 kV 
T1 = 2.777 µs 
T2 = 47.57 µs 
Ch2: HV+LV 
+Ip= 289.6 A 
-Ip= -657.4 A 

No =2 
Ch1:HOXO 
Up= -150.4 kV 
T1=2.780 µs 
T2 = 47.71 µs 
Ch2: HV+LV 
+Ip= 465.0A 
-Ip= -1059 A 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 

Serial No. 
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Date of test : 2/24/2013 I Tested by : C. S. Ha 

No =4 
Ch1: HOXO 
Up = -92.33 kV 
T1 = 2.777 µs 
T2 = 47.53 µs 
Ch2: HV+LV 
+Ip= 289.1 A 
-Ip= -651 .1 A 

165 



[%] 

0 

-12.1 

-24.2 

-36.3 

-48.4 

-60.5 

-72.6 

-84.7 

-96.8 

[%) 

34.6 

113 

0 

-173 

.34 & 

-519 

.58 2 

-86.5 

-103 8 

r1 o f.o fl lt' - fl lv 

12.1%/div 1bµs/div 

0 10 20 30 40 50 60 70 80 90 [µs] 

Ch1 
Ch2 
Ch3 
Ch4 
Ch30 
Ch31 

w , __ --------: ---::::: ----- r: :::: -1:: : I ::::: r:::: : ::::,:::::::::::::::+::::: :::::::::! ~~ 
1: ...... 1v- ·20usfd ' L-----------------, i -----i---- -------- ' i . i 'Ch40 

i·t_J

1

-hr 1 / 1: A~,ff I 
1
11

', i -- ------------,----- i ' ------------------- , ; ____ , ___________ _ , -, - .r 'i ..,. ------- . , ---------. , . ------------ , 
! I i i __ _iljf --- --\<J'-- ---~~--,- H I\ J~\f:fj -----------------;·-·------- i -----'-------- -------;--- ' ------------------------- --1'-- 11 v l1 ' ' V" I_,_,, - - ---- i ___ , _____ . -.. -.. -- i ' -----_, ________ _ I 'I I ' --- - ______ __ ,,, v . . ---------------- ' ______ , ________ _ -~_ l: :::·::: F ::!:: :: __ ::1_:: -- ------1 ------r- - -:=-- i 
--- : I 

0 20 40 60 80 100 120 140 160 180 [µs] 

...... 
m 
CJ) 



[%] 

0 

-12.1 

-24.2 

-36.3 

-48.4 

-60.5 

-72.6 

-84.7 

-96.8 

(%] 

34.6 

17.3 

0 

-17.3 

-34.6 

-51.9 

-69.2 

-86.5 

-103.8 

ic lo Q_fiLv R·n\J 
12.1%/div 1~µs/div ! ! ! ! ! ! : . ! ; 

t < • I I I I ' I t 
1 I I I I I I I f I 1 
• I o I I I I I I I I 

t----------········:········-----······t··-----···--·----·1·················-·i··················--:·-------··········--1-··················1·······-···········:············ ·······1·······-----------·; 
i ' ' O 1 ' t I I > t 

-~ ------------------~-------------------l--------------------:--------------------:- --------------- ----:------- ------------.;. -------------- ----~- -- ----------------~----- --- . 
I ' ' . ' . ' . . 

I I o I I I I 
I L I > I I I I 

! : : i ; : : : : 1·J1··----------- -----:--------------------:--------------------:-----------------··i··------------------:--------------------:---------- ----~------ ----- --------~-----------------··i··- -------- -- - ---- --: 

·---.... ··+-~---··············!········ ............ :. -----· ........ ····i···-·· .... --········l············----·· : -----·········!--........... ······i·· -... -.... ········i······· ---.. -·-·. -· ; ............ ·······i 
.. \ ............... F;;.! ................... \ ................... 1.......... ···· ·i· ······· ········ ····l-·-············· · ··-l---········ ········ ~·-·········· ·······i··················-i---···············-i 
... \ ............ . .\ .. ············ .... :. - ·--·········- -~---·· ·- -··········-~---···············-~---················ ·f· -· ········ ·······-~---···········-···-~---······ ·········-~---···············-~ 

\ I . . ' . . . ' . ' ' 
o 1 I o I o I I t I 
1 1 I I I > I I I I ' (\ . ' ' . . ' ' . . ' ········----+···\·1···\--·t·-r·----------------·-:-· ·------- ---- --- --·:··· -------------·-·-r··········--------i---·-----------···--:···-·····------------r-··---------------r··--------------··1·····--------------1· 

\ v . ' ' ' ' . . ' ' ' . 
-----IJ ·············:···--- ---- --------:-----------------··1··-----------------·r··--------------··r······-----------·1···········-----·--r---------- ········1···----------------r-··-·····---------1 
-------------- ------:.- -• • • • • • • -----• ----~-----------• •- -•• --~-• • • • • -· • • -----•-•••:•••• • •••• •• •• ••-----:-------·••• •••••····:· •• • • • • •••• • • • • ----~•••••• • •• • • • • • • • ••· i· •• • • • • • • •••••••·•·i ···•·• • • •••• • •• • • • • i·I 
0 10 20 30 40 50 60 70 80 90 

Ch1 
Ch2 
Ch3 
Ch4 
~-h~O 
1:t,2·J 
Ch32 
Ch33 
Ch40 
Ch41 

[µs] 

I 11 ·' \ '' ~\ ~· ___ : ___ ··········-········--·---··········· ,· : · . · . , Ch41 

; l l.J- • l I J ;J. . ·····ti· · -····---············ ···· ·----··· : · : : ' : . rr -r-.-n- (\!\;-~-- --- : : ___________ : ___ _______________ : ___ ----------- ----!-- :--- ---- :- -!----- -

l11 "l1 T . I\ 'i • • - __ __L - L ______ j_ - - --- + ---- - : --- • ---- ----- --j l11J __ !l_}.__ __ _,!I_ --~-1--rlt • ,---------------;--- ! • ! ! ! ! • 

li ij ~ li ~- I I \ .ii ! \ f\ : : : : ........ :·---------·······--'--·······-··---- -- ·;···········--------: IJ i 1/ : ~ v:i I w V'\f{ ------ ----·····:·-·--·-····-------·:··-·······---------:-----·····- : : L------1 

J • ::::: :F:: :: n:i::n: :::: ::j ~---- r :::::: ;;+: : :: :::J nn : nnmUmnnnm --- . 

0 20 40 60 80 100 120 140 160 180 [µs] 

...... 
O> 

""""' 



[%] 

0 

-12.1 

-24.2 

-36.3 

-48.4 

-60.5 

-72.6 

-84.7 

-96.B 

[%] 

34.6 

ff J 

0 

-17 3 

-34.6 

-519 

69 2 

-813 5 

-1038 

Ho ~o R ./1 l\} fi L\) 

12.1%/div 10µs/div 

0 10 20 30 40 50 60 70 80 90 [µs] 

17:3%1dtv· ·- stdtv·---------·-

,--f-::~ /·: I :::::::: :r :::::: :+::::::: ::: i :::::::::::: : : :: r ::: ::::J :::::_ ::: ::: --:::::::: :::: :---- rn~ 
-------------l-i-1-. 

1 

11 I\ ~. ' ' ' ' ' ----------- ,------------ ' ' Ch4 
i I f ·1 ·r1-r>---n-------------' ' ; ' ' ' ' -------;-------------------
1 1 I j ; V'' ~ , \ ,-------------------'--- ' · ' • • ' ' Ch30 

1

- - - •- - ---- i/ \ [ ' i : ---------- ------:---- --------------_ j__ __ i i ; ' i Ch31 

1

1 t I ii L \ -, +I·---- __ __ __ , ____ -_________ _____ ;__ ' ' -------------;----------------- --'---- ' ' ' '""' 11-l \I H,\i-~\Ji_ ! ! ------ j - i __ j j -+ ___ __ ___ _! _____ ____ ! Ch33 

_ __.-.r- ~ 

0 20 40 60 80 100 120 140 160 180 [µs] 
_... 
O> 
CX> 



& HYUNDAI 
HEAVY INDUSTRIEs COoLTI>. 

Ughtning impulse vo!tage 
w iuhstan.d test 

Lightniilg impulse voliage test with TV winding 

H1 

1 
X1 

Impulse generator Voltage Multiple 
divider chopping gap 

Y1 Y2 Y3 

Date of Test 2013. 02. 24 I Tested by C. S. Ha 

Serial No. 
20120871TKE001 

TR Tank 

J; 
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l•IVUNDAI 

LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Y1Tap1/16R100% LI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No = 1 
Ch1 : Y1 
Up= -92.99 kV 
T1=1.058 µs 
T2 = 13.50 µs 
Ch2: Y2+Y3 
+lp = 98.47 A 
-Ip= -2130 A 

No=2 
Ch1 : Y1 
Up = -150.8 kV 
T1=1 .057 µs 
T2 = 13.50 µs 
Ch2: Y2+Y3 
+Ip= 165.1 A 
-Ip = -3476 A 
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liVUNDAI Lightning Impulses 
Test Report 

LI-Lightning Impulse Pictures 
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Y1Tap1/16R110% LI CFW 

Date of test : 2/24/2013 l Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 3 
Ch1 : Y1 
Up= -163.9 kV 
T1 = 1.058 µs 
Tc= 4.004 µs 
Ch2: Y2+Y3 
+Ip= 149.BA 
-Ip= -1970 A 

No=4 
Ch1: Y1 
Up= -165.3 kV 
T1=1.059 µs 
Tc= 4.045 µs 
Ch2:Y2+Y3 
+Ip= 169.6 A 
-Ip= -1972 A 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Y1 Tap 1 /16R 62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871 TKE001 

No= 5 
Ch1: Y1 
Up= -150.6 kV 
T1 = 1.057 µs 
T2 = 13.51 µs 
Ch2:Y2+Y3 
+Ip= 165.1 A 
-Ip= -3480 A 

No=6 
Ch1: Y1 
Up= -93.15 kV 
T1=1.057 µs 
T2 = 13.49 µs 
Ch2: Y2+Y3 
+Ip= 97.43 A 
-Ip= -2130 A 
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HYUNDAI 

LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Y2Tap1/16R100% LI FW 

Date of test: 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 1 
Ch1: Y2 
Up = -92.45 kV 
T1=1.058 µs 
T2 = 13.33 µs 
Ch2: Y1+Y3 
+Ip= 95.35 A 
-Ip= -2133 A 

No=2 
Ch1: Y2 
Up= ~151.4 kV 
T1=1.057 µs 
T2 = 13.34 µs 
Ch2: Y1+Y3 
+Ip= 167.2 A 
-Ip= -3518 A 
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HYUNDAI 

LI-Lightning Impulse Pictures 

e 

Lightning Impulses 
Test Report 
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Y2Tap1/16R110% LI CFW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No = 3 
Ch1: Y2 
Up= -164.6 kV 
T1 = 1.059 µs 
Tc= 4.023 µs 
Ch2: Y1+Y3 
+Ip= 264.1 A 
-Ip = -2059 A 

No=4 
Ch1: Y2 
Up= -164.3 kV 
T1 = 1.060 µs 
Tc= 4.131 µs 
Ch2: Y1+Y3 
+Ip= 261.0 A 
-Ip = -2062 A 
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Lightning Impulses 
Test Report 

LI-Lightning Impulse Pictures 
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Y2 Tap 1/16R62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No =5 
Ch1 : Y2 
Up= -149.6 kV 
T1 = 1.059 µs 
T2 = 13.34 µs 
Ch2: Y1+Y3 
+Ip= 163.0 A 
-Ip= -3488 A 

No=6 
Ch1 : Y2 
Up =·-92.47 kV 
T1=1.060 µs 
T2 = 13.33 µs 
Ch2:Y1+Y3 
+Ip= 96.39A 
-Ip= -2133 A 
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HYUNDAI Lightning Impulses 
Test Report 

LI-Lightning Impulse Pictures 
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Y3Tap1/16R100% LI FW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 1 
Ch1 : Y3 
Up= -91 .95 kV 
T1=1 .057 µs 
T2 = 13.54 µs 
Ch2: Y1+Y2 
+Ip= 96.39A 
-Ip= -2120 A 

No=2 
Ch1 : Y3 
Up= -150.4 kV 
T1=1 .057 µs 
T2 = 13.56 µs 
Ch2: Y1+Y2 
+Ip= 165.1 A 
-Ip= -3497 A 
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LI-Lightning Impulse Pictures 

Lightning Impulses 
Test Report 
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Y3 Tap 1/16R110% LI CFW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No = 3 
Ch1 : Y3 
Up= -165.lkV 
T1=1 .059 µs 
Tc= 4.069 µs 
Ch2: Y1+Y2 
+Ip= 365.9A 
-Ip= -2043A 

No=4 
Ch1 : Y3 
Up= -165.2 kV 
T1= 1.059 µs 
Tc= 4.126 µs 
Ch2: Y1+Y2 
+Ip= 335.8A 
-Ip= -2076 A 
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Test Report 
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Y3Tap1/16R62% LI RW 

Date of test : 2/24/2013 I Tested by : C. S. Ha 

Serial No. 
20120871TKE001 

No= 5 
Ch1: Y3 
Up= -150.3 kV 
T1=1.059 µs 
T2 = 13.57 µs 
Ch2: Y1+Y2 
+Ip= 165.1 A 
-Ip= -3501 A 

No=6 
Ch1: Y3 
Up = -92.97 kV 
T1=1.059 µs 
T2 = 13.56 µs 
Ch2:Y1+Y2 
+Ip= 96.39A 
-Ip= -2147 A 
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.&."HYUNDAI 
HEAVY INDUSTRIES CO.LTD. 

Applied voltage withstand test Serial No. 
-20120871TKE001 

Item Test Voltage Test frequency Test time Test result 

HV/LV winding & neutral to earth 50.0 kV 60 Hz 60 sec. Withstood 

TV winding to earth 50.0 kV 60 Hz 60 sec. Withstood 

Date of Test 2013. 02. 25 !Tested by S. W. Lee 
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HYUNDAI Induced Overvoltage Withstand 
test with P.D measurement HEAVY INDUSTIUES CO..LJD. 

1. Test condition a) TV Supply, HV Measured. 

b) Tap position. : DETC-1/LTC-16R 

c) Test frequency : 180 Hz. 

2. Test voltage & Time 

a) U1 HV/LV Phase to ground voltage 360.0 I 150.0 kV 

b) U2HV/LV Phase to ground voltage 315.0 I 132.0 kV 

3. Test results (HV) 

HV voltage (kV) H1 terminal H2 terminal 

(Phase to ground) Actual P.D level (pC) Actual P.D level (pC) 

315.0 U2 40.0 45.0 

315.0 U2 5min. 41.0 45.0 

360.0 U1 40sec 

315.0 U2 40.0 62.0 

315.0 U2 5min. 40.0 65.0 

315.0 U2 10min. 40.0 60.0 

315.0 U2 15min. .40.0 60.0 

315.0 U2 20min. 40.0 60.0 

315.0 U2 25min. 40.0 60.0 

315.0 U2 30min. 40.0 65.0 

315.0 U2 35min. 40.0 65.0 

315.0 U2 40min. 40.0 70.0 

315.0 U2 45min. 41.0 75.0 

315.0 U2 50min. 40.0 75.0 

315.0 U2 55min. 40.0 75.0 

315.0 U2 60min. 40.0 65.0 

Serial No. 
20120871 TKE001 

40 sec. 

60 min. 

H3 terminal 

Actual P.D level (pC) 

40.0 

47.0 

46.0 

45.0 

40.0 

40.0 

45.0 

45.0 

45.0 

45.0 

40.0 

40.0 

40.0 

40.0 

40.0 

Date of Test 2013. 02. 25 !Tested by J. C. Song 
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& HYUNDAI Induced Overvoltage Withstand 
test with P. D measurement HEAVY INDUSTRIES CQ.IJ'D, 

1. Test condition a) TV Supply, LV Measured. 

b) Tap position. : DETC-1/LTC-16R 

c) Test frequenc~ • 180 Hz. 

2 . Test voltage & Time 

a) U1 HV/LV Phase to ground voltage 360.0 I 150.0 kV 

b) U2 HV/LV Phase to ground voltage 315.0 I 132.0 kV 

3. Test results (LV) 

L V voltage (kV) X1 terminal X2 terminal 

(Phase to ground) Actual P.D level (pC) Actual P.D level (pC) 

132.0 U2 70.0 70.0 

132.0 U2 5min. 70.0 70.0 

150.0 U1 40sec 

132.0 U2 70.0 68.0 

132.0 U2 5min. 70.0 68.0 

132.0 U2 10min. 70.0 68.0 

132.0 U2 15min. 71.0 69.0 

132.0 U2 20min. 70.0 68.0 

132.0 U2 25min. 70.0 68.0 

132.0 U2 30min. 71.0 67.0 

132.0 U2 35min. 70.0 67.0 

132.0 U2 40min. 70.0 68.0 

132.0 U2 45min. 70.0 68.0 

132.0 U2 50min. 71.0 69.0 

132.0 U2 55min. 70.0 68.0 

132.0 U2 60min. 70.0 68.0 

Serial No. 
20120871 TKE001 

40 sec. 

60 min. 

· X3 terminal 

Actual P.D level (pC) 

83.0 

81.0 

82.0 

80.0 

80.0 

80.0 

80.0 

80.0 

81 .0 

81 .0 

80.0 

80.0 

81.0 

80.0 

80.0 

Date of Test 2013. 02. 25 !Tested by J. C. Song 
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A HYUNDAI Radio.,inf!uence voltage (R.l.V) 
measurement· HEAVY INDUSTRIES C0..U0. 

1. Test condition a) TV Supply, HV Measured. 

b) Tap position. : DETC-1/LTC-16R 

c) Test frequenc~ : 180 Hz. 

2. Test voltage & Time 

a) U1 HV/L V Phase to ground voltage 360.0 I 150.0 kV 

b) U2 HV/LV Phase to ground voltage 315.0 I 132.0 kV 

3. Test results (HV) 

HV voltage (kV) H1 terminal H2 terminal 

(Phase to ground) Actual R.l.V level (JN) Actual R.l.V level (JN) 

315.0 U2 23.0 21.0 

315.0 U2 5min. 23.0 21.0 

360.0 U1 40sec 

315.0 U2 23.0 21.0 

315.0 U2 5min. 23.0 21.0 

315.0 U2 10min. 23.0 21 .0 

315.0 U2 15min. 23.0 21.0 

315.0 U2 20min. 23.0 22.0 

315.0 U2 25min. 23.0 21.0 

315.0 U2 30min. 23.0 21.0 

315.0 U2 35min. 24.0 22.0 

315.0 U2 40min. 24.0 21.0 

315.0 U2 45min. 24.0 21.0 

315.0 U2 50min. 24.0 21.0 

315.0 U2 55min. 24.0 22.0 

315.0 U2 60min. 24.0 21 .0 

40 

60 

Serial No. 
20120871 TKE001 

sec. 

min. 

H3 terminal 

Actual R.l.V level (JN) 

38.0 

38.0 

38.0 

38.0 

38.0 

39.0 

38.0 

38.0 

37.0 

38.0 

38.0 

37.0 

38.0 

38.0 

38.0 

Date of Test 2013. 02. 25 !rested by J. C. Song 
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HYUNDAI Rad~o-!nf,uence voltage {R.l.V) 
measurement HEAVY INDUSTRIES CO..LTD. 

1 . Test condition a) TV Supply, LV Measured. 

b) Tap position. : DETC-1/L TC-16R 

c) Test frequenc)I 

2. Test voltage & Time 

a) U1 HV/LV Phase to ground voltage 

b) U2 HV/LV Phase to ground voltage 

3. Test results (LV) 

LV voltage (kV) X1 terminal 

180 Hz. 

360.0 

315.0 

I 150.0 kV 

I 132.0 kV 

X2 terminal 

(Phase to ground) Actual R.l.V level (µV) Actual R.l.V level (µV ) 

132.0 U2 27.0 25.0 

132.0 U2 Sm in. 27.0 25.0 

150.0 U1 40sec 

132.0 U2 27.0 25.0 

132.0 U2 5min. 27.0 25.0 

132.0 U2 10min. 27.0 25.0 

132.0 U2 15min. 27.0 26.0 

132.0 U2 20min. 26.0 26.0 

132.0 U2 25min. 27.0 25.0 

132.0 U2 30min. 26.0 25.0 

132.0 U2 35min. 27.0 25.0 

132.0 U2 40min. 27.0 26.0 

132.0 U2 45min. 26.0 25.0 

132.0 U2 50min. 27.0 25.0 

132.0 U2 55min. 27.0 25.0 

132.0 U2 60min. 26.0 25.0 

40 

60 

Serial No. 
20120871TKE001 

sec. 

min. 

X3 terminal 

Actual R.l.V level (j}/) 

28.0 

28.0 

28.0 

28.0 

28.0 

28.0 

27.0 

27.0 

28.0 

29.0 

28.0 

28.0 

28.0 

29.0 

28.0 

Date of Test 2013. 02. 25 !Tested by J. C. Song 
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HYUNDAI 
HEAVY INDUSTRIES CO,.ln>. 

Temperature Recorder Chart 

193 

Serial No 
20120871TKE001 

Test Object : 24hours Overexciting test. Test of Date : Feb-26-2013 

Channel CH1 
Point(A) 47.1 

-... 
::I 
0 

28:48:00 

24:00:00 

19:12:00 

e.. 14:24:00 
CD 
E 
j:: 

9:36:00 

4:48:00 

0:00:00 
0 

CH2 
25.7 

10 20 

Date of Test : 2013.02.26 

30 40 50 60 70 80 90 1 00 110 120 130 140 150 

Temperature( °C) 

Tested by : S. W. Lee 



• HYUNDAI 
HEAVY INDUSTRH:S CO..LTD. 

Test of contro~ cubide 
(lcc~l contro~ p2nei) 

1. Visual d:msnsion and compor.er.t ::heck 

in accordance with the approved drawings 

drawing No. : TL2363-L01 TL2363-L02 

2. Wiring continuity and functicnc.i: tas~ 

in accordance with the approved drawings 

drawing No. : TL2363-L03 TL2363-L08 

3. :nsulation ~esi 

1) Conditions Hum. 39 % 

2) Insulation resistance test with i 000 V Megger 450 MQ 

3) Dielectric test 2000 V 60 Hz for 1 min. 

4) B.C.T dielectric test 2500 V 30 Hz for 1 min. 

Date of Test 2013. 02. 25 I Tested by S. W. Lee 

Seria! i\!o. 
2\1'!1G$'?1n(Erwi 

Results 

Satisfactory 

Satisfactory 

Withstood 

Withstood 
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& HYUNDAI 
HEAVY INDUSTRIES CO..Lm. 

Check Li~t 
{Prut~ci:lon d1?'lf~ce) 

Serial No. 
20120871 Tl<E001 

Fu:;ction ~esi 
No. Descrip~ion Rema1'k 

Alzi:m 1 ii? 

1 Loss of main AC power Good - 27 
-.. --.. ... ------------------------ ----·---·-·- ..• .. ----- ---- ------- --· - ----·---- r-----·- ···--·- --

2 Loss of DC power Good - 270 
-·---- ·--·------------· - .. -·-· ·-- --------..------ --- ---·---------· .• . 

3 Loss of AC Aux power Good . 52A-1, 52A-2 
··- ----- . ·- -·-·------·--·-·-·----- --·-- ------ - -------···- -

4 Cooling fan group1, 2 start Good - 4-F1, 4-F2 
-- .. ------------------~-----------·-- -·- --·· ·- --------- ------------

5 Fan control fault group1, 2 Good - 62-1, 62-2 
---- 1------------- - - ------:--- · .. ·--------- --··· -------------

6 Loss of OL TC AC power Good - 27L 
--- ·----------- . .. ------ -------- . . 

7 90 Relay failure Good - 90 
·- .. - - - - - - · --

8 Shutter valve Good - 800 
·-

9 Main Tank Oil level Indicator Good Good 7101 (High, Low) 
··-- --- - -------- . ·- ·--

10 Main Conservator Oil level Indicator Good Good 7102 (High, Low) 
-·· --- -- -- ---- --·--- - -~- ·- · ···--

11 OL TC Oil level Indicator Good Good 7103 (High,Low) 
.... --- . ...... 

12 Main Pressure relief device Good - 63P1,63P2, 63P3,63P4 
.. ---- -------·-- ... ··--- - - --- ---··--· ··--· 

13 OL TC Pressure relief device Good - 63P5 
---t-- ····- · ·-

14 Main Sudden pressure relay Good - 63S1 I 63S2 
··- ··-

15 OL TC Sudden pressure relay Good - 63$3 
-------- - -------· - -· ·-·· ··---

16 Buchholz relay (gas accumllation) Good Good 968 
--- . - ------ ---

17 Oil temperature indicator Good - High:1oo ·c 
.. - · -- -·- --- ·-· 

18 Winding temperature indiGator (HV) Good - High:12o·c 
·-·- -· --·--· -· -

19 Annunciator Good - AN1, AN2 
.. - -- -- -· 

20 ·Tap changer synchronism control contacts Good - MDU 
-----~-- -------- ·- ·- -------· - -----

Fans Start - Group1 : 75 °C, Group2: so·c 
49T 

------·- ----- -- ·- ····-·-- -·---·-- -·----· ·------- - ·-
Oil Temperature Good Good Alarm: - ·c, Trip: - ·c 

21 (Eclipse Temp. ... ··--··· ·-·-·· ---·--··-----r-- --· ·-· -··· 

Indicator) Winding Temp. Good Good Alarm : - ·c , Trip: - ·c 
- ------- ·-·--··--···-·. ----·- -·- ···-- ·- ---··· ··-------·--
System state Good - -

- .. _ ··----- ·- ····-----·-------- >------·----· ·-·-·---- ·· .. -·----·---·-- .. ·- .. 

22 WTS Analog Output - - 4-20mA (Ch. 1-4) 

Incomplete Good - 191T 
---·----· - - ·--- --·· . -· ------ -- - - ----------·--- ----·----· ------- - ·--·-·-- -

Thermal relay motor Good - '49 
---------- -----· ----- ------------- --· ·---·--- ·---- - -----

Off pisotion relay Good - OPA / 191X 
--- ------·---- ----··· ·· ··- - ·- ----- ·----
Lockout aux. brake relay Good - 86XA 

LTC ·- --------- ------- --------- -· - ---- --
23 . On pisotion relay Good - 123X (Tap changer drive) __________________ ---------- -· - ---- --· - -· ·· -·-----· ··-- ----·-

Neutral pisotion relay Good - NLSX 
·- · - ··-·-·-- ------------- - - ·-· ----------·---·- ... 

Raise limit relay Good - 172X 
---------------·.--·--·--- ·-·--·---·-··-- -- -~----- . -·---·--------·· 
Lower limit relay Good - 171X 

-------· - . - _ .. ______ ... _ . . ·- ·- ... ·--- --·-· - ---· ----·---·- - - -- ··-·----- ---. 
Tap position output - 40X 32 ohm, NO contacts 

Date of Test 2013. 02. 25 I Tested by S. W. Lee 
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6.HYUNDAI Measurement of Au1d ~iary losses 
H£AVVINPUmuESco..LJD. (Ccoh~rsng system) 

- Rated voltage & Frequency 1 ct> 240V, 60 Hz (Top oil temp. : 24 °C) 

Current (A) 
Description Voltage (V) 

I I R s T 

Total 
240 41.10 40.90 

( 32) Fans 

Group 1 
240 20.70 20.60 

( 16 ) 

Group 2 
240 20.90 20.70 

( 16) Fans 

Date of Test 2013. 02. 24 I Tested by S. W. Lee 

Serial No. 
20120871 "TKE001 

Losses (W) 

7480.0 

3770.0 

3800.0 
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B.C.T CHECK LIST 
PROJ. NO. :2TKE001 TL2363 A12 R.1 672MVA 

PRO.NAME. & SPEC.HDCP/AUSTIN ENERGY-DUNLAP SUBSTATION 

PHASE RATIO BURDEN[VAJ CLASS SERIAL NO. REMARK 

H1 

CT1 2000/1500/1200/400/5 200 C800 20124287 

CT4 2000/1500/1200/400/5 200 C800 20124290 

CT7 2000/1500/1200/400/5 45 0.381 .8 20124293 

H2 

CT2 2000/1500/1200/400/5 200 C800 20124288 

CT5 2000/1500/1200/400/5 200 C800 20124291 

CT8 2000/1500/1200/400/5 45 0.381 .8 20124294 

H3 

CT3 2000/1500/1200/400/5 200 C800 20124289 

CT6 2000/1500/1200/400/5 200 CBOO 20124292 

CT9 2000/1500/1200/400/5 45 0.381.8 20124295 

X1 

CT26 3200/5 12.5 1.280.5 20124306 

CT16 2000/1500/1200/400/5 45 0.381.8 20124302 

CT13 2000/1500/1200/400/5 200 C800 20124299 

CT10 2000/1500/1200/400/5 200 C800 20124296 

X2 

CT25 3200/5 12.5 1.280.5 20124305 

CT17 2000/1500/1200/400/5 45 0.381.8 20124303 

CT14 2000/1500/1200/400/5 200 C800 20124300 

CT11 2000/1500/1200/400/5 200 C800 20124297 

X3 

CT27 3200/5 12.5 1.2BO.S 20124307 

CT18 2000/1500/1200/400/5 45 0.381 .8 20124304 

CT15 2000/1500/1200/400/5 200 C800 20124301 

CT11 2000/1500/1200/400/5 200 C800 20124398 

Y1 

CT22 5000/4000/2000/1500/5 200 C800 20124311 

CT19 7000/5 200 C800 20124308 

Y2 

CT23 5000/4000/2000/1 500/5 200 C800 20124312 

CT20 7000/5 200 C800 20124309 

Y3 

CT24 5000/4000/2000/1500/5 200 CBOO 20124313 

CT21 7000/5 200 C800 20124310 

INSPECTION DATE: 2013.01 .28 INSPECTOR: 

HHI A24 - 540 - 0 A4(21 Omm X297mm) 



& HYUNDAI 
HEAVY INDUSTRIES CO...LTD. ~ushing curr~mt traE1~formar 

Ratio, polarity and reslstancia maasursment 

Pri. Supply BCT Lead Measured Calculation 
Rated ratio 

Resistance 
Lead voltage(V) (Cable No.) voltage(V) voltage(V) at 28 °C (Q) 

H1 200V H11X1-H11X5 200.0 200.0 2000/5A 0.704 
(BCT1) (X1-X5) H11X1-H11X4 150.2 150.0 1500/5A 0.554 

H11X1-H11X3 120.1 120.0 1200/5A 0.465 

H11X1-H11X2 40.1 40.0 400/5A 0.230 
··-----·----· 

H2 200V H21X1-H21X5 200.2 200.0 2000/5A 0.682 
(BCT2) (X1-X5) H21 X1-H21 X4 150.1 150.0 1500/5A 0.532 

H21X1-H21X3 120.2 120.0 1200/5A 0.441 

H21X1-H21X2 40.1 40.0 400/5A 0.210 

H3 ·200V H31X1-H31X5 200.0 200.0 2000/5A 0.666 
(BCT3) (X1-X5) H31X1-H31X4 150.1 150.0 1500/5A 0.518 

H31X1-H31X3 120.1 120.0 1200/5A 0.429 

H31X1-H31X2 40.2 40.0 400/5A 0.195 

H1 200V H12X1-H12X5 200.2 200.0 2000/SA 0.698 

(BCT4) (X1-X5) H12X1-H12X4 150.2 150.0 1500/5A 0.549 

H12X1-H12X3 120.1 120.0 1200/5A 0.459 

H12X1-H12X2 40.2 40.0 400/SA 0.226 

H2 200V H22X1-H22X5 200.2 200.0 2000/5A 0.682 
{BCT5) {X1-X5) H22X1-H22X4 150.1 150.0 1500/5A 0.529 

H22X1-H22X3 120.1 120.0 1200/5A 0.439 

H22X1-H22X2 40.2 40.0 400/5A 0.207 

H3 200V H32X1-H32X5 200.0 200.0 2000/5A 0.666 

(BCT6) (X1-X5) H32X1-H32X4 150.1 150.0 1500/5A 0.515 

H32X1-H32X3 120.1 120.0 1200/5A 0.426 

H32X1-H32X2 40.0 40.0 400/5A 0.191 
--------- --- ---- ·-------·· 

H1 200V H13X1-H13X5 200.1 200.0 2000/5A 0.498 
{BCT7) (X1-X5) H13X1-H13X4 150.1 150.0 1500/SA 0.393 

H13X1-H13X3 120.2 120.0 1200/5A 0.333 

H13X1-H13X2 40.1 40.0 400/5A 0.181 
·----·--·-·---

H2 200V H23X1-H23X5 200.2 200.0 2000/5A 0.473 
(BCT8) {X1-X5) H23X1-H23X4 150.2 150.0 1500/SA 0.374 

H23X1-H23X3 120.1 120.0 1200/5A 0.312 

H23X1-H23X2 40.0 40.0 ' 400/5A 0.162 

H3 ·200V H33X1-H33X5 200.0 200.0 2000/5A 0.455 
(BCT9) (X1-X5) H33X1-H33X4 150.2 150.0 1500/SA 0.361 

H33X1-H33X3 120.1 120.0 1200/SA 0.298 

H33X1-H33X2 40.0 40.0 400/5A 0.147 

Serial No. 
2il'\ 2ti3't ~ TKf~:J\.Vi 

Polarity 
Remark 

(subtractive) 

200VA 
Good 

C800 

200VA 
Good 

C800 

200VA 
Good 

C800 

200VA 
Good 

C800 

200VA 
Good 

C800 

200VA 
Good 

C800 

45VA 
Good 

0.381.8 

45VA 
Good 

0.381 .8 

45VA 
Good 

0.381.8 

Date of Test : 2013. 02. 21 I Tested by J. c. Song 
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A HYUNDAI 
HEAVY INDUSTillES CO..LTD. Bushing current transf~rmer Serial No. 

20'i ?.0871 TKE001 

Ratic, polarity and res~e'iance measuremer:t 

Pri. Supply BCT Lead Measured Calculation 
Rated ratio 

Resistance Polarity 
Remark 

Lead voltage(V) (Cable No.) voltage(V) voltage(V) at 28 °C(O) (subtractive) 

· X1 200V X11X1-X11X5 200.0 200.0 2000/5A 0.760 
(BCT10) (X1-X5) X11X1-X11X4 150.1 150.0 1500/5A 0.593 200VA 

Good 
C800 X11X1-X11X3 120.2 120.0 1200/5A 0.495 

X11X1-X11X2 40.1 40.0 400/5A 0.239 

X2 200V X21X1-X21X5 200.2 .200.0 2000/5A 0.760 
(BCT1 1) (X1-XS) X21X1-X21X4 150.1 150.0 1500/5A 0.592 200VA 

Good 
X21X1-X21X3 120.1 120.0 1200/5A 0.490 caoo 
X21X1-X21X2 40.0 40.0 400/5A 0.232 

X3 200V · X31X1-X31X5 200.0 200.0 2000/5A 0.738 
(BCT12) (X·1-X5) X31X1-X31X4 ~50.0 150.0 1500/5A 0.568 200VA 

Good 
C800 X31X1-X31X3 120.0 120.0 1200/5A 0.4.70 

X31X1-X31X2 40.0 40.0 400/5A 0.213 

X1 200V X12X1-X12X5 200.1 200.0 2000/SA 0.756 
(BCT13) (X1-X5) X12X1-X12X4 150.2 150.0 1500/5A 0.592 200VA 

1200/SA 
Good 

C800 X12X1-X12X3 120.1 120.0 0.498 

X12X1-X12X2 40.1 40.0 400/5A 0.240 

X2 200V X22X 1-X22X5 200.2 200.0 2000/5A 0.742 
(BCT14) (X1-X5) X22X1-X22X4 150.0 150.0 1500/5A 0.581 200VA 

Good 
C800 X22X 1-X22X3 120.1 120.0 1200/SA 0.479 

X22X 1-X22X2 40.2 40.0 400/5A 0.224 
- ~···------

X3 200V X32X 1-X32X5 200.2 200.0 2000/5A 0.724 
(BCT15) (X1-X5) X32X1-X32X4 150.0 150.0 1500/5A 0.562 200VA 

Good 
C800 X32X1-X32X3 120.2 120.0 1200/5A 0.463 

X32X1-X32X2 40.2 40.0 400/5A 0.209 

X1 200V X13X1-X13X5 200.1 200.0 2000/5A 0.415 
(BCT16) (X1-X5) X13X1-X13X4 150.1 150.0 1500/5A 0.336 45VA 

Good 
X13X1-X13X3 120.0 120.0 1200/SA 0.288 0.381.8 

X13X1-X13X2 40.1 40.0 400/SA 0.163 

X2 200V X23X 1-X23X5 200.1 200.0 2000/SA 0.403 
(BCT17) (X1-XS) X23X 1-X23X4 150.2 150.0 1500/SA 0.318 45VA 

Good 
0.361 .8 X23X1-X23X3 120.2 120.0 1200/SA 0.272 

X23X1-X23X2 40.2 40.0 400/5A 0.148 

X3 200V X33X1-X33X5 200.1 200.0 2000/SA 0.383 
(BCT18) (X1-X5) X33X1-X33X4 150.0 150.0 1500/5A 0.307 45VA 

Good 
0.381 .8 X33X1-X33X3 120.1 120.0 1200/5A 0.258 

X33X1-X33X2 40.0 40.0 400/5A 0.133 

Date of Test : 2013. 02. ' 21 I Tested by J. C. Song 

199 



A.HYUNDAI 
HEAVY INDUSTRIES CO.IJ'D. 

Bushing c w·1"ent transformer 

Ratio, pola:!ty and resistance measuremar.t 

Pri. Supply BCT Lead Measured Calculation 
Rated ratio 

Resistance 
Lead voltage(V) (Cable No.) voltage(V) voltage(V) at 28 'C(Q) 

Y1 500V Y11X1-X11X5 500.1 500.0 5000/5A 1.197 
{BCT22) (X1-X5) Y11X1-X11X6 400.0 400.0 4000/5A 0.968 

Y11X1-X11X7 200.0 200.0 2000/5A 0.540 

Y11X1-X11X8 150.1 150.0 1500/5A 0.438 

Y2 500V Y21X1-Y21X5 500.1 500.0 5000/5A 1.206 

(BCT23) (X1-X5) Y21X1-Y21X6 400.2 400.0 4000/5A 0.973 

Y21 X1-Y21 X7 200.1 200.0 2000/5A 0.537 

Y21 X1-Y21 X8 150.2 150.0 1500/5A 0.433 

Y3 500V Y31X1-Y31X5 500.2 500.0 5000/5A 1.207 
(BCT24) (X1-X5) Y31 X1-Y31 X6 400.1 400.0 4000/5A 0.969 

Y31 X1-Y31 X7 200.1 200.0 2000/5A 0.534 

Y31 X1-Y31X8 150.1 150.0 1500/SA 0.428 

Pri. Supply BCT Lead Measured Calculation 
Rated ratio 

Resistance 
Lead current (Cable No.) current( A) current( A) at 28 'C (Q) 

X1 1882.5 X14X1-X14X2 2.940 2.940 3200/SA 0.560 
(BCT26) 

X2 1882.5 X24X1-X24X2 2.940 2.940 3200/5A 0.540 
(BCT25) 

X3 1882.5 X34X1-X34X2 2.940 2.940 3200/5A 0.525 
(BCT27) 

Y1 2071.3 Y12X1-Y12X2 1.460 1.480 7000/5A 1.475 
(BCT19) 

Y2 2071.3 Y22X 1-Y22X2 1.460 1.480 7000/5A 1.482 
(BCT20) 

Y3 2071.3 Y32X 1-Y32X2 1.460 1.480 7000/5A 1.482 
(BCT21) 

Serial No. 
20120971 "n<E001 

Polarity 
Remark 

(subtractive) 

Good 
200VA 
C800 

Good 
200VA 
C800 

Good 
200VA 
C800 

Polarity 
Remark 

(subtractive) 

Good 12.5VA 
1.2B0.5 

FORWTI 

Good 12.SVA 
1.280.5 

FORAVR 

Good 12.SVA 
1.280.5 

FOR ETM 

Good 200VA 
C800 

Good 200VA 
C800 

Good 200VA 
CBOO 

Date of Test 2013. 02. 21 I Tested by J. C. Song 
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On-load tap changer test 

1. Visual inspection 

2. Operation test 

a} 8 Complete operating cycle with the transformer not energized. 

Serial No. 
20120871TKE001 

Results 

Satisfactory 

Satisfactory 

b) 1 Complete operating cycle with the transformer energized at the rated voltage and frequency at no-load 

c} 10 Tap changer operation with ±2 steps on either side of reversing tapping with as far as possible rated 

current. 

d) 1 Complete operating cycle with the transformer not energized with 85% of the rated auxiliary supply 

voltage. 

3. Insulation test of control unit Withstood 

a) Insulation resistance measurement with 1 OOOV megger tester a 22 ·c 450 · MQ 

b) Power frequency withstand test of 2000V for 1 min 

4. Insulation resistance measurement of OL TC with 5000V megger Withstood 

at 22 ·c 6510 MQ 

5. Sequence test Satisfactory 

a) Step by step operation test 

b) Tap lower limit check 

c) Tap indicator operation test 

d) Magnet contactor operation test 

e) All switch operation test 

Date of Test 2013. 02. 21 !Tested by · S. W. Lee 
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HYUNDAI 
IG.l:n ~-U$TI'.:;::s Ol..W;;. 

No-load tap changer test 

1. Visual inspection 

2. Operation test 

The off load tap changer was operated by hand and proved. 

Date of Test 2013. 02. 21 !rested by 

Serial No. 
20120871 TKE001 

Results 

Satisfactory 

Satisfactory 

S. W. Lee 
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HYUNDAI 
HEAVY INDUSTRIES CO..L'ID. 

Oil leakage test Serial No. 
20120871TKE001 

One transformer tank with other fittings and conservator were over pressured to normal pressure 

plus 0.35 kg/cm2 for 14 hours. 

After this test, the compiete transformer with accessories proved no leaks. 

All final results are as follows; 

Test result Passed 

Date of Test 2013. 02. 20-21 Tested by Y. D. Choi 
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HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Final dimension check list 

.1. Construction check (Visual) Passed 

2. Dimension check Passed 

Serial No. 
20120871 TKE001 

Tolerance ±2% 

No. Description 
Spec. 
(inch) 

Measured value 
(inch) 

Remarks 

1 Length of transformer 621.3 

2 Width of transformer 311.4 
--·--·--

3 i Height of transformer l 347.8 
- ·-

4 j Distance between HV bushings 144.6 

5 1 Distance between LV bushings 82.7 

' 

--6-T oi;t~nce -b~t;~en TV bushings 23 
(___ --··-· - ---· . ----~------------+---

i 
.j_________ 

_ !_ 
:Distance between i Length N/A 

7 >-------------

anchor holes IWidth NIA 

8 Size of anchor hole N/A 

9 . Height of HV bushing 
! ~ 
I 

1 O ! Height of L V bushing 

11 ! Height of TV bushing 

3. Paint colour & thickness check : Passed 

1) Paint Colour = Spec. 

2) Paint thickness = Spec. 

ANSI No. 70 

~ 150 µm 

347.8 

273.1 

204 

Result 

Result 

622 

311.8 

348.1 

144.8 

83 

23.1 

N/A 

N/A 

N/A r 
348.1 

273.6 

204.2 

ANSI No. 70 

178 - 195 µm 

Date of Test 2013. 02. 21 !rested by Y. D. Choi 
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~ HYUNDAI HEAVY INDUSTRIES CO., LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 
: W640-A1302-309-1 REPORT No. 

CUSTOMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 
: 20120871TKE001 TR. No. 

SPEC. 
PROCESS 

: 345/138/13.2kV 400/530/672MVA 

: Before tests 
REQUESTED BY 

Sampling Date 

: ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

: 2013-02-21 
Test Method : ASTM D 3612 

UNIT ppm 

NO 

~ 
CRITERIA 

s NORMAL ABNORMAL 

1 HYDRffiEN H2 :::;; 15 > 15 
2 METHANE CH4 :::;; 5 > 5 

3 ETHANE C2H6 :::;; 5 > 5 
4 ETHYLENE C2H4 :::;; 4 > 4 

5 ACETYLENE C2H2 It needs caution 
for any trace 

6 OXYGEN 02 - -

7 NITRffiEN N2 - -

8 CARBON MONOXIDE co :::;; 25 > 25 
9 CARBON DIOXIDE C02 :::;; 150 > 150 
10 PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

11 I-BUTAN i-C4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS :::;; 55 > 55 
13 TOTAL GAS CONTENT - -

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro, Dong-Gu Ulsan Korea 

RESULT 

0.0 
0.1 
0.0 
0.0 

0.0 

1438.0 
5796.0 

2.0 
28.0 
0.0 
0.0 
2.1 

7264.1 

Te 1 . : ( 052) 202-8256 
Fax : (052) 250-9939 

Test Date: 2013-02-25 

~ RATIO CODE No. 
s 
C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 

1. 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H 2 

REMARK The test results solely based on the 

sample(s) submitted to SLR, can be 

used for the specified purpose. 

Test ed by: Y. W. NAM 

A.pproved by: J. H. PARK -----
General Manager 

HSFW-W640-005(R.O) A4(210ll1IllX297mm) 
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.h HYUNDAI HEAVY INDUSTRIES CO., LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 
: W640-A1302-310-1 REPORT No. 

CUSTOMER 
TR. No. 
SPEC. 
PROCESS 
REQUESTED BY 
Sampling Date 

Test Method 

: AUSTIN ENERGY-DUNLAP SUBSTATIO 
: 20120871TKE001 

NO 

1 

2 
3 
4 

5 

6 
7 

8 
9 

10 

11 

12 
13 

: 345/138/13 .2kV 400/530/672MVA 

: After load loss test 
: ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

: 2013-02-22 
: ASTM D 3612 

UNIT ppm 

~ 
CRITERIA 

s NORMAL ABNORMAL 

HYDROGEN H2 ~ 15 > 15 
METHANE CH4 ~ 5 > 5 
ETHAil\JE C2H6 ~ 5 > 5 
ETHYLENE C2H4 _:::::;; 4 > 4 

ACETYLENE C2H2 It needs caution 
for any tr ace 

OXYGEN 02 - -

NITROGEN N2 - -

CARBON MONOXIDE co _:::::;; 25 > 25 
CARBON DIOXIDE C02 ~ 150 > 150 
PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

I-BUTAI\/ i-C4H10 FOR REFERENCE ONLY 

TOTAL COMBUSTIBLE GAS ~ 55 > 55 
TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro, Dong-GuU!san Korea 

Te l .: (052) 202-8256 
Fax : (052) 250-9939 

Test Date: 2013-02-25 

RESULT ~ RATIO CODE No . 
s 

0.0 C2H2 
0.1 C2H4 

0.0 CH4 
0.0 H2 

0.0 C2H4 
C2H6 

1502.0 GAS PATTERN 
5880 .0 1. 

2.0 
30.0 
0.0 

0.5 

0.0 
·2.1 0. 

7414.1 H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR, can be 

used for the specified purpose. 

Tested by: Y. W. NAM ~ 

Approved by: J . H. PARK 
p 

General Manager 

A4(2101HIJX29711m) 
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~ IMJNDAI HEAVY INDUSTRIES CO. , LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 

REPORT No. : W640-A1302-311-1 
CUSTOMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 
TR. No. : 20120871TKE001 
SPEC. : 345/138/13.2kV 400/530/672MVA 

PROCESS : After temp. rise test CONAN) 
REQUESTED BY : ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

Sampling Date : 2013-02-23 ------------
Test Method : ASTM D 3612 

UNIT ppm 
NO 

~ 
CRITERIA 

s NORMAL ABNORMAL 

1 HYDROGEN H2 :::;; 15 > 15 
2 METHANE CH4 :::;; 5 > 5 
3 ETHANE C2H6 :::;; 5 > 5 
4 ETHYLENE C2H4 :::;; 4 > 4 

5 ACETYLENE C2H2 It needs caution 
for any trace 

6 OXYGEN 02 - -

7 NITROGEN N2 - -

8 CARBON MONOXIDE co :::;; 25 > 25 
9 CARBON DIOXIDE C02 :::;; 150 > 150 
10 PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

11 I-BUTAN i-C4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS :::;; 55 > 55 
13 TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro , Dong-Gu Ul san Korea 

RESULT 

2.0 
0.1 
0.0 
0.0 

0.0 

1160.0 
4838.0 

6.0 
43.0 
0.0 
0.0 
8.1 

6049.1 

Te 1 . : ( 052) 202-8256 
Fax : (052) 250-9939 

Test Date: 2013-02- 25 

x RATIO CODE No . 
s 

C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 

1. 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR. can be 

used for the specified purpose. 

Tested by: Y. W. NAM ~ 

~pp roved by: J. H. PARK 
p 

General Manager 

A4(210mmX297IDm ) 
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~ IMJNDAI HEAVY INDUSTRIES CO. , LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 
: W640-A1302-312-1 REPORT No. 

CUSTOMER 
TR. No . 
SPEC. 
PROCESS 
REQUESTED BY 

Sampling Date 

Test Method 

: AUSTIN ENERGY-DUNLAP SUBSTATIO 
: 20120871TKE001 

NO 

1 

2 
3 
4 

5 

6 
7 
8 
9 
10 
11 

12 
13 

: 345/138/13.2kV 400/530/672MVA 

: After temp. rise test (ONAF2) 
: ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

: 2013-02-23 
: ASTM D 3612 

UNIT ppm 

~ 
CRITERIA 

s NORMAL ABNORMAL 

HYDRCXiEN H2 ::;; 15 > 15 
METHANE CH4 ::;; 5 > 5 
ETHANE C2H6 ::;; 5 > 5 
ETHYLENE C2H4 ::;; 4 > 4 

ACETYLENE C2H2 It needs caution 
for any trace 

OXYGEN 02 - -
NITROGEN N2 - -

CARBON MONOXIDE co .:::;; 25 > 25 
CARBON DIOXIDE C02 .:::;; 150 > 150 
PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

I-BUTAN i-C4H10 FOR REFERENCE ONLY 

TOTAL COMBUSTIBLE GAS .:::;; 55 > 55 
TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeoj insunhwan-doro, Dong-Gu Ulsan Korea 

RESULT 

2.0 
0.2 
0.0 
0.0 

0.0 

1444.0 
6025.0 
10.0 

70.0 
0.0 
0.0 
12.2 

7551.2 

Te 1 . : ( 052) 202-8256 
Fax : (052) 250-9939 

Test Date: 2013-02-25 

A RATIO CODE No. 
s 
C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 

1. 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR. can be 

used for the specified purpose. 

Tested by: Y. W. NAM 

\pproved by: J. H. PARK -----
General Manager 

A4(210rumX297mm) 
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~HYUNDAI HEAVY INDUS'IRIES CO. , LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 

REPORT No. : W640-A1302-360-1 
CUSTOMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 
TR. No. : 20120871TKE001 
SPEC. : 345/138/13.2kV 400/530/672MVA 

PROCESS : After temp, rise test(After 8hr) 
REQUESTED BY : ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

Sampling Date : 2013-02-24 
------------

Test Method : ASTM D 3612 

UNIT ppm 

NO 

~ 
CRITERIA 

s NORMAL ABNORMAL 

1 HYDROGEN H2 :::; 15 > 15 

2 METHANE CH4 :::; 5 > 5 

3 ETHANE C2H6 :::; 5 > 5 

4 ETHYLE\fE C2H4 :::; 4 > 4 

5 ACETYLENE C2H2 It needs caution 
for any trace 

6 OXYGEN 02 - -

7 NITRCXiEN N2 - -

8 CARBON MONOXIDE co :::; 25 > 25 

9 CARBON DIOXIDE C02 :::; 150 > 150 

10 PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

11 I-BUTAN i-C4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS :::; 55 > 55 

13 TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro, Dong-Gu Ulsan Korea 

RESULT 

1.0 

0.2 

0.0 

0.0 

0.0 

2015.0 

7811.0 

11.0 

80.0 

0.0 

0.0 
12.2 

9918.2 

Te 1 . : ( 052) 202-8256 
Fax : (052) 250-9939 

Test Date : 2013-02-26 

I~ RATIO CODE No. 
s 
C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 
1. 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR. can be 

used for the specified purpose. 

Tested by: Y. W. NAM 

l\.pproved by: J. H. PARK -----
General Manager 

A4(210mmX297mm) 
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h IMJNDAI HEAVY INDUSTRIES CO. , LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 

REPORT No. : W640-A1302-361-1 
CUSTOMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 
TR. No. : 20120871TKE001 
SPEC. : 345/138/13.2kV 400/530/672MVA 

PROCESS : After impulse test 
REQUESTED BY : ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

Sampling Date : 2013-02-24 
------------

Test Method : ASTM D 3612 

UNIT ppm 
NO 

~ 
CRITERIA 

s NORMAL ABNORMAL 

1 HYDRCGEN H2 ~ 15 > 15 
2 METHANE CH4 ~ 5 > 5 
3 ETH.AKE C2H6 ~ 5 > 5 
4 ETHYLENE C2H4 ~ 4 > 4 

5 ACETYLENE C2H2 It needs caution 
for any trace 

6 OXYGEN 02 - -
7 NITROGEN N2 - -
8 CARBON MONOXIDE co ~ 25 > 25 
9 CARBON DIOXIDE C02 ~ 150 > 150 
10 PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

11 I-BUTAN i-C4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS ~ 55 > 55 
13 TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALI1Y MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro, Dong-Gu Ulsan Korea 

Tel.: (052) 202-8256 
Fax : (052) 250-9939 

Test Date: 2013- 02- 26 

RESULT ~ RATIO CODE No. 
s 

1.0 C2H2 
0.2 C2H4 

0.0 CH4 
0.0 H2 

0.0 C2H4 
C2H6 

1646.0 GAS PATTERN 
6695.0 1. 

12.0 
75.0 
0.0 

0 .5 

0.0 
13.2 0. 

8429.2 H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR. can be 

used for the specified purpose. 

Tested by: Y. W. NAM ~ 

l\.pproved by: J. H. PARK 
p 

General Manager 

A4( 210UlIDX297mm) 
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~ IMJNDAI HEAVY INDUSTRIES co. I LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 

REPORT No. : W640-Al302-362-l 
CUSTOMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 
TR. No. : 20120871TKE001 
SPEC. : 345/138/13.2kV 400/530/672MVA 

PROCESS : After induced voltage test 
REQUESTED BY : ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

Sampling Date : 2013-02-25 ------------Test Method : ASTM D 3612 

UNIT ppm 

NO 

~ 
CRITERIA 

s NORMAL ABNORMAL 

1 HYDROGEN H2 s 15 > 15 
2 METHANE CH4 s 5 > 5 
3 ETHANE C2H6 s 5 > 5 
4 ETHYLENE C2H4 s 4 > 4 

5 ACETYLENE C2H2 It needs caution 
for any trace 

6 OXYGEN 02 - -

7 NITROGEN N2 - -

8 CARBON MONOXIDE co ~ 25 > 25 
9 CARBON DIOXIDE C02 s 150 > 150 

10 PROPANE-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

11 I-BUTAN i-C4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS s 55 > 55 
13 TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeoj insunhwan-doro, Dong-Gu Ulsan Korea 

RESULT 

1.0 
0.2 
0.0 
0.0 

-0.0 

2226.0 
8993.0 

13.0 
85.0 
0.0 
0.0 
14.2 

11318.2 

Te 1 . : ( 052) 202-8256 
Fax : (052) 250-9939 

Test Date: 2013-02-26 

~ RATIO CODE No . 
s 

C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 
1 . 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR, can be 

used for the specified purpose. 

Tested by: Y. W. NAM 

Approved by: J. H. PARK -----
General Manager 

A4 ( 210mmX297 mm) 
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/1 HYUNDAI HEAVY INDUSTRIES CO., LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 
: W640-A1302-377-1 REPORT No. 

CUS1DMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 

TR. No. : 20120871TKE001 

SPEC. 
PROCESS 

: 345/138/13.2kV 400/530/672MVA 

REQUESTED BY 

Sampling Date 

Test Method 

: Before110% over excitation test 
: ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

: 2013-02-26 

: ASTM D 3612 

UNIT ppm 

NO 
~ 

CRITERIA 
. NORMAL ABNORMAL 

1 HYDRaiEN H2 s 15 > 15 

2 METHANE CH4 s 5 > 5 

3 ETHANE C2H6 < 5 > 5 

4 ETHYLENE C2H4 < 4 > 4 

5 ACETYLENE C2H2 
It needs caution 

for any trace. 

6 OXYGEN 02 - -

7 NITRffiEN N2 - -

8 CARBON MONOXIDE co s 25 > 25 

9 CARBON DIOXIDE C02 < 150 > 150 
10 PROPANE-PROPYLENE C3HB/C3H6 FOR REFERENCE ONLY 

11 _I-BUTAN i-C4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS < 55 > 55 

13 TOTAL GAS CONTENT - -

REMARK 

HSFW-W640-005(R.O) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro, Dong-Gu Ulsan Korea 

RESULT 

2.0 

0.2 

0.0 

0.0 

0.0 

2435.0 

9402.0 

13.0 

85.0 

0.0 

0.0 

15.2 

11937.2 

Tel.: (052) 202-8256 

Fax : (052) 250-9939 

Test Date: 2013-02-28 

~ RATIO CODE No. 
s 
C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 

1. 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR. can be 

used for the specified purpose. 

Tested by: Y. W. NAM ~ 

i\pproved by: J. H. PARK 
p 

General Manager 

A4(210mmX297mm) 
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~ HYUNDAI HEAVY INDUSTRIES co. I LTD. 
GAS ANALYSIS OF DISSOLVED GAS IN TR. OIL 
: W640-A1302-382-1 REPORT No. 

CUSTOMER : AUSTIN ENERGY-DUNLAP SUBSTATIO 
TR. No. : 20120871TKE001 
SPEC. 
PROCESS 

: 345/138/13. 2kV 400/530/672MVA 

: The end of over excitation test(8hr) 

REQUESTED BY 
Sampling Date 

Test Method 

: ELECTRO ELECTRIC SYSTEMS QM 400KV LAB. 

: 2013-02-27 
: ASTM D 3612 

UNIT ppm 

NO STAGE CRITERIA 
GAS NORMAL ABNORMAL 

1 HYDR<XiEN H2 < 15 > 15 
2 METHANE CH4 < 5 > 5 
3 ETHANE C2H6 < 5 > 5 
4 ETHYLENE C2H4 ~ 4 >4 

5 ACETILENE C2H2 It needs caution 
for any trace 

6 OXYGEN 02 - -

7 NITR<XiEN N2 - -

8 CARBON MONOXIDE co ~ 25 > 25 

9 CARBON DIOXIDE C02 < 150 > 150 

10 PROPANE.-PROPYLENE C3H8/C3H6 FOR REFERENCE ONLY 

11 I-BUTAN i-c4H10 FOR REFERENCE ONLY 

12 TOTAL COMBUSTIBLE GAS < 55 > 55 

13 TOTAL GAS CONTENT - -

REMARK 

HSFW- W640- 005(R.0) 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

Standard Laboratory Room 
1000, Bangeojinsunhwan-doro, Dong-Gu Ulsan Korea 

RESULT 

2.0 
0.2 
0.0 
0.0 

0.0 

1815.0 
6918.0 
14.0 
79.0 
0.0 
0.0 
16.2 

8828.2 

Te 1 . : ( 052) 202-8256 
Fax : (052) 250-9939 

Test Date : 2013-02-28 

~ RATIO CODE No. 
s 
C2H2 
C2H4 

CH4 
H2 

C2H4 
C2H6 

GAS PATTERN 

1. 

0.5 

0. 
H2 CH4 C2H6 C2H4 C2H2 

The test results solely based on the 

sample(s) submitted to SLR. can be 

used for the specified purpose. 

Tested by: Y. W. NAM ~ 

!\pp roved by: J. H. PARK 
p 

General Manager 

A4 ( 210mmX297mm) 
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~HYUNDAI HEAVY INDUSTRIES CO., LTD. 

REPORT No. : W640-A1302-112-1 

NOM ENCLATU RE: Insulating oil 

MATERIAL : IEC 60296 (2003) 

CUSTOMER : HDCP(USA) 

TEST REPORT 

ELECTRO ELECTRIC SYSTEMS 
QUALITY MANAGEMENT DEPARTMENT 

1000, Bangeojinsunhwan-doro, Dong-Gu Ulsan Korea 

Tel.: (052) 202 - 8256 ------------
PROJ. NO. : 20120871 TKEOOl Fax : (052) 250 - 9939 

SPEC. : 345/138/13.2kV 400/530/672MVA Test Date: 2013-02-25 

REQUESTED BY: t°!7ltj;q.A.l~'E!l 400kV TR TEST LAB. Sampling Date: 2013-02-21 

TEST RESULT 

TEST ITEM SPEC. RESULT TEST METHOD 

Moisture content ppm 30 Max 4 IEC 60814 

Dielectric strength· 2.5 mm kV 3Q Min 72 IEC 60156 

Power Factor test at 90 oc 0.005 Max 0.0012 IEC 60247 

Particle counter test · Reference Value 3 NAS 1638 

* The test results solely based on the sample(s) submitted to SLR, 

can not be used for the specified purpose. 

REMARK 

Before test 

*f Tested by: E. Y. KIM 

Approved by: J. H. PARK p 
General Manager 

HSFW-W640-008(R.0) A4(210mmX297mm) 



HYUNDAI Current Transformer Certificate 
!ID\~· MP~PJES CO. LW 

TEST STANDARD IEEE C57.13 

TYPE 

Class 

5123008082(VZC-1284) 

CBOO -

Date of Test . 2012. 12. 27 

20120871TKE001 

200 VA 

C.T Ratio 2000 - 1500 - 1200 - 400 / SA 

PROJ. No. 

Burden 

Frequency 60 Hz 

SERIAL NO. CA20124287 EXCITING CURRENT CHARACTERISTIC TEST 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 ·c 0.565 0.674 0.345 0.124 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (!ASA) 

6. Exciting voltage (Es) 

7. Exciting current (le) 

0.698 0.833 0.426 0.153 

8.371 6.457 5.027 1.682 

100 100 100 100 

837.09 645.68 502.67 168.18 

0.081 0.108 0.135 0.406 
1---------+----t,__---+-----~ 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

·10000.00 

8. Composite error(%) 0.081 0.108 0.135 0.406 ! 

9. Current error(%) at 
-0.136 -0.216 -0.333 -2.199 

200 / 150 / 120 / 40 VA 

1000.00 

I 

1----1 -.-----~---1---S~u-b-tr-a-ct-1'v ..... e-~ ! ~o.oo 
10. Po anty test 

:'a 
11. Inter-turn Overvoltage · 

test (~l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.SkV/ lmin.) 

Withstood 

Withstood 

~ 
0 
::10.00 
c 
E 
u 
~ 1.00 

11.7 64.7 177.9 358.2 651.9 936.3 1001.0 1036.0 1085.4 

8.8 48.S 133.4 268.6 489.0 702.2 750.8 777.0 814.1 

0.0039 0.013 0.028 0.048 0.079 0.14 0.29 0.58 5.00 

7.0 38.8 106.8 214.9 391.2 561.8 600.6 621.6 651.2 

0.0049 0.016 0.035 0.060 0.099 0.18 0.37 0.72 5.00 

2.3 12.9 35.6 71.6 130.4 187.3 200.2 207.2 217.1 

0.0147 0.049 0.106 0.179 0.298 0.54 1.10 2.17 5.00 

---------~ 

f Excit~qg Curreqt-Voltage Cur.ve- , 
; i : I 
I l i I L_ ------l--------' I --1 

i r M ~- -_ · ~ i- I 
l------·--l ~--L---- ---~ 
'L:·· _, ~ v ·; 11 --' ___ L/-~ ... l ______ . __ L __ ·--· ·--
i i ' . ! ~ ; i 
' I 1 I I f I I I L __ . ____ L_____ l I __ J I 

13. Terminal marking 

(Hl,H2/Xl,X2,X3,X4,XS) 
Satisfactory 0.001 0.01 ExcitingJCUrrent (A) 1 10 . 

4. Rated burden impedance : VA / IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb}V 

8. Composite Error (%) : le / !ASA x 100% 

Tested by : J. H. KIM .. ).-v
~ 

~R~ev~ie~w~e~d"'--=,by,_,_: --~J~. ~Y~. ~S~l~M ~ 

PF 550-1 ~YY,N,D~I . HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 
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HYUNDAI Current Transformer Certificate 
HE.ll:Y lXOFSTRIES CO.UD 

TEST STANDARD IEEE C57.13 

TYPE 5123008082(VZC-1284) 

Class (800 - -
C.T Ratio 2000 - 1500 - 1200 

SERIAL NO. CA20124288 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 ·c 0.562 0.427 0.343 0.124 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (IASA) 

0.695 0.528 0.424 0.153 

8.369 6.280 5.025 1.682 

100 100 100 100 

-
-

6. Exciting voltage (Es) 836.88 628.04 502.53 168.18 

7. Exciting current (le) 0.078 0.104 0.130 0.390 
1----------t--......,1----+---t-----t 

8. Composite error(%) 0.078 0.104 0.130 0.390 

9. Current error(%) at 
-0.157 -0.293 -0.362 -2.175 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (51.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.5kV/ lmin.) 

13. Terminal marking 

(H l ,H 2/Xl,X2,X3,X4,XS) 

4. Rated burden impedance : VA I IS2 

6. Exc iting v oltage (Es} : !ASA x (Rs + Zb)V 

8. Composite Error (%} : le / IASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

Date of Test 2012 12. 27 

PROJ. No. 20120871TKE001 

Burden . 200 VA 

400 I SA Frequency 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage{V) 

Measuring 

Current(A) 

Measuring 

Voltage{V) 

Measuring 

Current(A} 

Measuring 

Voltage{V) 

Measuring 

Current(A) 

10000.00 

1000.00 

~0.00 
(II 
QI) 

~ 
0 

;lo.oo 
c :e 
u 
ii( 

l ~ 1.00 

11.7 65.2 178.2 359.2 652.2 940.2 1008.2 1038.3 1086.4 

8.8 48.9 133.6 269.4 489.1 705.1 756.1 778.7 814.8 

0.0039 0.013 0.028 0.048 0.079 -0.14 0.29 0.58 5.00 

7.0 39.1 106.9 215.5 391.3 564.1 604.9 623.0 651.8 

0.0049 0.016 0.035 0.060 0.099 0. 18 0.37 0. 72 5.00 

2.3 13.0 35.6 71.8 130.4 188.0 201.6 207.7 217.3 

0.0147 0.049 0.106 0.179 0.298 054 1.10 2.17 5.00 

------·--- . 

r-Exci.ti~g Cur.r.enW/.oltage Curve--, 
i t ~ 1 i 

I · I ' I J L ____ , __ L ____ ___ I I ---

i . l ~·L: - : l 
~--------V/--- · . ~---.J I 

! )fl ~ : I 
L ___ ,_ .. LT-·--L __ ___ ·_ .. L_ _ _ ___ ..J 
! . ~ ~ I l 

I ( ' : j 

L I I ; i 
______ J_ _ _ .L I _J 

0.001 0.01 Excitingxltrrent (A) 1 10 

,,_,,Re"""v'-'-'ie,._,w=e,,_,,d._b..._,y,__,_: __ __,.J..__. _,,y_,_. __.S=IM= ~ 

PF 550-1 ~.Y4.~;£;>~1. , HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 
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HYUNDAI Current Transformer Certificate 
Hr.4\! l\DlfSTRJES CO.UD 

TEST STANDARD . IEEE C57.13 Date of Test . 2012. 12. 27 

TYPE 5123008082(VZC-1284) PROJ. No. 20120871 TKEOOl 

Class C800 -

CT Ratio 2000 - 1500 - 1200 - 400 / SA 

Burden 

Frequency 

200 VA 

60 Hz 

SERIAL NO. CA20124289 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 °C 0.564 0.428 0.344 0.125 

3. Secondary winding 

resista nee at 75°C {Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current {!ASA) 

6. Exciting voltage (Es) 

7. Exciting current {le) 

8. Composite error{%) 

0.697 0.529 0.425 0.155 

8.370 6.281 5.026 1.683 

100 100 100 100 

837.02 628.11 502.60 168.25 

0.076 0.101 0.127 0.380 

0.076 0.101 0.127 0.380 

9. Current error(%) at 
-0.158 -0.302 -0.364 -2.218 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (~l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.SkV/ lmin.) 

13. Terminal marking 

(H 1,H2/Xl,X2,X3,X4,XS) 

4. Rated burden impedance VA I IS2 

6. Exciting voltage (Es) : IASA x (Rs + Zb)V 

8. Composite t:rror {%) : le I IASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

1000.00 

~0.00 
QI bl) 
~ g 
bl)l0.00 
c 

~ 1.00 

11.7 66.3 179.1 362.2 655.2 940.2 1011.2 1033.1 1084.2 

8.8 49.7 134.3 271.6 491.4 705.l 758.4 774.8 813.1 

0.0039 0.013 0.028 0.048 0.079 0.14 0.29 0.58 5.00 

7.0 39.8 107.5 217.3 393.1 564.1 606.7 619.9 650.S 

0.0049 0.016 0.035 0.060 0.099 0.18 0.37 0.72 5.00 

2.3 13.3 35.8 72.4 131.0 188.0 202.2 206.6 216.8 

0.0147 0.049 0.106 0.179 0.298 0.54 1.10 2.17 5.00 

I i ,-Exciting Cur.r~t-Vo tage-Cuf~- ., 
: . ~ j j 
I I I I 
I I I I 
L-----·-L _______ j_ ~- ..J 
t ! ~,.-,-- I l 
L--~---~-L~_L_ ____ j 
! zx' Y . i . Ji l 
~--...:/ .- l-T--~--+---- - - .. .1- ·----· ·- 1 
• • ' j 

; I I ; I 

I i . i i I 
L~ ___ l_ ____ L ______ L_ ___ _J 

0.001 0.01 Exciting>OJrrent (A) 1 10 

~R~ev~ie~w~e=d;-=,by,__,_:~~~J~·~Y~·~S~IM~ ~ 

PF 550-1 HY4N.P~I. HYUNDAI HEAVY INDUSTRIES CO. L TO A4(210 x 297) 
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HYUNDAI Current Transformer Certificate 
HEA\1' l\DUfJRIES CO. LTD 

TEST STANDARD IEEE C57.13 

TYPE 5123008082(VZC-1284) 

Class C800 -

C.T Ratio 2000 - 1500 - 1200 -

SERIAL NO. CA20124290 

~ C.T Ratio 2000/SA 1500/SA 1200/SA 400/SA 

Test Item -.....__~ Xl-X5 Xl-X4 Xl-X3 Xl-X2 

1. Visual check GOOD 

2. Rct at. 

secondary wdg 
1s.9 ·c 0.562 0.427 0.343 0.124 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (lASA) 

6. Exciting voltage (Es) 

7. Exciting current (le) 

0.695 0.528 0.424 0.153 

8.369 6.280 5.025 1.682 

100 100 100 100 

836.88 628.04 502.53 168.18 

0.077 0.103 0.128 0.385 

Date of Test 2012. 12. 27 

PROJ. No. 20120871TKE001 

400 I SA 

Burden 

Frequency 

200 VA 

60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 
Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring. 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measu ring 

Voltage(V) 

Measuring 

Current(A) 

11.7 67.1 180.3 360.5 655.2 942.7 1009.2 1036.3 1086.3 

0.0029 0.010 0.021 0.036 0.060 0.11 0.22 0.43 5.00 

8.8 50.3 135.2 270.4 491.4 707.0 756.9 777.2 814.7 

0.0039 0.013 0.028 0.048 0.079 0.14 0.29 0.58 5.00 

7.0 40.3 108.2 216.3 393.l 565.6 605.5 621.8 651.8 

0.0049 0.016 0.035 0.060 0.099 0.18 0.37 0.72 5.00 

2.3 13.4 36.1 72.1 131.0 188.5 201.8 207.3 217.3 

0.0147 0.049 0.106 0.179 0.298 0.54 1.10 2.17 5.00 

10000.00 ,- Exciting Cur.r.~.w/oltage . Curve . ·; 
1--~~~~~~~..f-~---11--~-+~~-+-~---i I j ! i 

8. (Composite e r~:)r(%) 0.077 0.103 0.128 0.385 lOOO.OO L. ---·--· .. L.. _ ---J i __ __j 
9. urrent error(ro at r ~ 

-0.139 -0.234 -0.376 -2.208 : 1 
I . 1 

10. Polarity test 

200 I 150 I 120 I 40 VA I . j ~ ' ; : 
Subt ractive ~o.oo .----- 1 - __ ._.:L. -------·L----·-.. ~ 

11. Inter-turn Overvoltage 

test (.sl.6kV, 400Hz/ 18sec.) 

12. Power frequency with 

stand test (2.SkV/ lmin.) 

13. Terminal marking 

(Hl,H2/Xl.X2,X3,X4,XS) 

4. Rated burden impedance : VA/ IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Compos:te Error (%) : le I !ASA x 100% 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

~ : . j l 

!10.00 L __ ; _~/ ___ i_ ___ ---~- .1 ! 
c ; ; f . J 

".;::::; I I ~ ' ' 

] i.oo L ______ J _ ______ L ______ L ____ J 
0.001 0.01 Exciting>Clment (A) 1 10 : 

..... Re ..... v""'ie .... w.....,e=d:.....;b=.y"-'-: _ _ ___...J,_. _.Y..:..... _,,S=IM= ~ 

PF 550-1 "1.Y'-JNp~I,_ . HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



?1 a 

HYUNDAI Current Transformer Certificate 
!11A\:' P.iDU~RIES CD. LiD 

TEST ST AN DARO 

TYPE 

Class 

C.T Ratio 

SERIAL NO. 

. IEEE C57.13 

· 5123008082(VZC-1284) 

(800 - -

2000 - 1500 - 1200 

CA20124291 

-

~ C.T Ratio 2000/5A 1500/5A 1200/SA 400/SA 

Test Item ~ Xl-XS Xl-X4 Xl-X3 Xl-X2 

1. Visual check GOOD 

2. Rct at. 

secondary wdg 
15.9 °C 0.562 0.427 0.343 0.124 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (!ASA) 

6. Exciting voltage (Es) 

0.695 0.528 0.424 0.153 

8.369 6.280 5.025 1.682 

100 100 100 100 

836.88 628.04 502.53 168.18 

Date of Test ' 2012. 12. 27 

PROJ. No. 20120871TKE001 

Burden 200 VA 
400 I SA Frequency . 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 
Measuring 

Voltage(V) 
11.7 66.3 182.4 361.3 657.2 943.4 1011.3 1037.2 1088.3 

Measuring 

Current(A) 
0.0029 0.010 0.021 0.036 0.060 0.11 0.22 0.43 5.00 

Measuring 
8.8 

VoltageM 
49.7 136.8 270.9 492.9 707.5 758.4 777.9 816.2 

Measuring 

Current(A) 
0.0039 0.013 0.028 0.048 0.079 0.14 0.29 0.58 5.00 

Measuring 
7.0 

Voltage(V) 
39.8 109.4 216.8 394.3 566.0 606.8 622.3 653.0 

Measuring 

Current(A) 
0.0049 0.016 0.035 0.060 0.099 0.18 0.37 0.72 5.00 

Measuring 

Voltage(V} 
2.3 13.3 36.5 72.3 131.4 188.7 202.3 207.4 217.7 

Measuring 
0.0147 0.049 0.106 0.179 0.298 0.54 1.10 2.17 5.00 

Current(A) 

0.077 0.103 0.128 0.385 7. Exciting current (le) 
~--------i~--t---+----i~---i 10000.00 

-- -- . --, 
,-Excitir:J.g Cur.r~Jtage Curve-·-: 
I ' . ! 

8. Composite error(%) 0.077 0.103 0.128 0.385 

9. Current error(%) at 
-0.139 -0.234 -0.376 -2.208 

200 / 150 / 120 / 40 VA 

10. Polarity test Subtractive 

11. Inter-turn Overvoltage 
Withstood 

test (:5 l.6kV, 400Hz/ 18sec.) 

12. Power frequency with· 
Withstood 

stand test (2.SkV/ lmin.) 

13. Terminal marking 
Satisfactory 

(H l,H2/Xl,X2,X3,X4,X5) 

4. Rated burden impedance: VA I lS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : le I !ASA x 100% 

Tested by: J. H. KIM 

1000.00 

I I I 

l_ _____ ___ L _____ ... J i ___ .J 

-: ~0.00 
Cll 
bO 
i1! 
0 
~10.00 
.E 
.'!:::: 
u 
)( 

11..1 1.00 

i , -" ~ I ~- i 

~-----1 ~V--' ___ J 
• . ~ ' . I 

I . . , : I 
\_LJ;,-/--- ___ L -- ---- .. L _____ .. 
I ) ' : . i I 

I l I I l 

I J I l i L _____ I __ I ___ J_ ____ J 
0.001 0.01 ExcitingJ(lJrrent (A) 1 10 

"""R=-ev'-'-ie,._,w"'"'e"""'d=-b=,y,........,.....: __ ---"J..:..... -'Y ........ _,S=IM~ ~ 

PF 550-1 l;i.Y4N.D~1,. HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



HYUNDAI Current Transformer Certificate 
HE.WY l\O~f~iRJES CO. LTD 

TEST STANDARD IEEE C57.13 

TYPE 5123008082(VZC-1284) 

Class (800 - -
C.T Ratio 2000 - 1500 - 1200 

SERIAL NO. CA20124292 

1. Visual check GOOD 

2. Rct at. 

secondary wdg 
15.9 °C 0.563 0.428 0.344 0.124 

3. Secondary winding 

resistance at 75°C {Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current {lASA) 

0.696 0.529 0.425 0.153 

8.369 6.281 5.026 1.682 

100 100 100 100 

-
-

6. Exciting voltage (Es) 836.95 628.11 502.60 168.18 

7. Exciting current (le) 0.078 0.104 0.130 0.390 

8. Composite error(%) 0.078 0.104 0.130 0.390 

9. Current error(%) at 
-0.133 -0.212 -0.331 -2.205 

200 I 150 / 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (sl.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.SkV/ lmin.) 

13. Terminal marking 

{H l,H2/Xl,X2,X3,X4,XS) 

4. Rated burden impedance VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : le I !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Date of Test 2012 12. 27 

PROJ. No. 20120871TKE001 

Burden . 200 VA 

400 I SA Frequency 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V) 

Measuring 

Current{A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

1000.00 

~0.00 
411 
lllO 
Ill 
~ 
0 

;io.oo 
c: 

+:; 
·u 
~ 1.00 

11.7 65.2 183.l 362.1 658.2 944.4 1008.2 1036.3 1089.3 

8.8 48.9 137.3 271.5 493.7 708.3 756.1 777.2 816.9 

0.0039 0.013 0.028 Q.048 0.079 0.14 0.29 0.58 5.00 

7.0 39.1 109.9 217.2 394.9 566.6 604.9 621.8 653.6 

0.0049 0.016 0.035 0.060 0.099 0.18 0.37 0.72 5.00 

2.3 13.0 36.6 72.4 131.6 188.9 201.6 207.3 217.9 

0.0147 0.049 0.106 0.179 0.298 0.54 1.10 2.17 5.00 

~. Excitiqg Cur.r.ent-V-Oltage-Cw:ve.-1 
I ' : ! I I 
I I I 

L _______ L ____ . ___ I I .. J 
j 

L-----+-_ ~--L _______ j 
L-_2 L/--/--.-.. L· _____ _; __ -~ ___ . .I 
: : , ~ i 

L : f ; I 
_____ J .L_ ____ L_ _ ____ __ J 

0.001 0.01 Exclting>O..arrent (A} 1 10 

Tested by: J. H. KIM . . 1.-v-
c...:;::;> , ,__,_Re=v'-'-'ie,._,w_,_,e...,,d,_b.._,yl'-'-: __ _..,J..__. ___.Y....__. _,S=IM~ ~ 

PF 550-1 ~Yf.lNQ~I. HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



NO. 1212CA20124293 

HYUNDAI 
HEAVY J:JDUSTRms CO.,LTD Test Certificate 

Specification of Bushing Current Transformer 

TYPE ' 5123008083 (VZC-1285) Project No. ' 20120871 TKEOOl 

Accuracy Class ; 0.3B-1.8 Pri.current ' 2000-1500-1200-400 A 

Burden ' 45 VA Sec.current ' SA 

Serial No. ' CA20124293 Frequency 
' 60Hz 

1. Verification of terminal marking. 

2. Polarity. (Subtractive) 

3. Power-frequency tests on secondary winding 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

s 0.2 kV 18sec at 400 Hz 

5. Determination of errors . 

*Rated burde n, frequency and power-factor of 0.9 lagging current. 

± %current error ± Phase displacement Ratio Transformer 
Current 

at rated current. at rated current. Correction Correction 

( Percentage) (minute) Factor Factor 
Burden 

100% 10% 100% 10% 100% 10% 100% 10% 

45 VA ± 0.3 ±0.6 ± 15.6 ±31.2 1±0.003 1 ±0.006 1± 0.003 1±0.006 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
(at 75°() 

2000/5 A 45 VA -0.11 3 -0.162 1.83 3.30 i.00 113 1.00162 1.00043 i.00035 0.442 0 

1500/5 A 45 VA - 0.186 -0.259 2.95 5.10 1.00186 1.00260 i.00073 1.00064 0.338 n 

1200/5 A 45 VA - 0.261 -0.360 4.27 7 .21 1.00.262 1.00361 1.00097 1.0008~ 0.272 0 

400/5 A 45 VA -1.670 -2.240 22.86 44.11 1.01698 1.02291 1.00819 1.00595 0.102 n 

Resu lt GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard 

Temperature 16.2 ·c 
Date 20 12, 12. 28 

Tested by : J. H. KIM 

IEEE C57. 13, 

Humidity 27 % 

•'• , .... 

Reviewed by : J. Y. SIM 
. .... ~ L:::::> ". ... --

PF 550-1 ~-y~~,P~t , HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 



---
JVO. 1112CA20124294 

HYUNDAI 
HEAVY l>:DUSTRIKS CO.,LTD Test Certificate 

Specification of Bushing Current Transformer 

TYPE . 5123008083(VZC-1285) Project No. 20120871 TKEOOl . ' 
Accuracy Class : 0.3B-l.8 Pri.current ' 2000 -1500-1200-400 A 

Burden . 45 VA Sec.current ' SA 

Serial No. • CA20124294 Frequency ' 60Hz 

1. Verification of terminal marking. 

2. Polarity. (Subtractive) 

3. Power-frequency tests on secondary winding 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

~ 0.2 kV 18sec at 400 Hz 

5 . Determination of errors. 

*Rated burden, frequency and power-factor of 0.9 lagging current. 

± %current e rror ± Phase displacement Ratio Transformer 
Current 

at rated current. at rated current. Correction Correction 

( Percentage) ( minute) Factor Factor 
Burden 

100% 10% 100% 10% 100% 10% 100% 10% 

45 VA ± 0.3 ± 0.6 ± 15.6 ± 31.2 I±o.003 1±0.006 1±0.003 1 ±0.006 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
(at 75°C) 

2000/5 A 45 VA - 0 .11 3 -0.1 51 2.09 3. 79 1.00113 1.00151 1.00033 1.00005 0.442 0 

1500/5 A 45 VA -0.192 -0.250 3.31 5.92 i.00192 1.00251 1.00065 i.00023 0.338 0 

1200/ 5 A 45 VA -0.248 - 0.331 4.73 8.39 1.00249 1.00332 1.00067 1.00009 0,272 0 

400/5 A 45 VA -1.601 - 2.136 26 .67 51.82 1.01627 1.02183 1.00601 1.00190 0.102 0 

Result GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard IEEE C57. 13, 

Temperature 16.2 °C Humidity 27 % 

Date 2012, 12 . 28 

Tes ted by : J. H. KIM Re vie wed by : J. Y. SIM 

PF 550-1 t'Y4~J?,~t, HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 



---
JVO. 1212CA20124295 

HYUNDAI 
HEAVY I:'-:DUSTRIE3 CO.,LTD Test Certificate 

Specification of Bushing Current Transformer 

TYPE 5123008083(VZC-1285) Project No. . 
' I 

Accur acy Class ; 0.3B-l.8 Pri.current ' 
Burden 45 VA Sec.current . 

' I 

Serial No. CA20124295 Frequency . 
' • 

1. Verification of terminal marking. 

2. Polarity. (Subtractive) 

3. Power-frequency tests on secondary winding 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

::;-; 0.2 kV 18sec at 400 Hz 

5. Determination of errors. 

*Rated burden, frequency and power-factor of 0.9 lagging current . 

± %current error ± Phase displacement Ratio 
Current 

at rated current. at rated current. Correct ion 

( Percentage) ( minute) Factor 
Burden 

100% 10% 100% 10% 100% 10% 

45 VA ±0.3 ±0.6 ±15.6 ±31.2 1 ±0.003 1 ± 0.006 

2000/5 A 45 VA -0.129 -0.167 2.13 3.89 1.00129 1.00167 

1500/5 A 45 VA -0.202 -0.262 3.36 6.06 1.00202 1 .00263 

1200/5 A 45 VA -0.249 -0.335 4.77 8.56 1.00250 1.00336 

400/5 A 45 VA -1.626 - 2.167 26.89 52.89 1.01653 1.02215 

Result GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard IEEE C57. 13, 

Temperature 16.2 °C Humidity 27 % 

Date 2012, 12. 28 
' •' " 

20120871 TKEOOl 

2000-1500-1200-400 A 

5A 

60Hz 

Transformer 

Correction 

Fa ctor 

100% 10% 

1 ±0.00 3 1 ± 0.006 

1.000 4 7 1.00018 

1.00073 1.00030 

1.00066 1.00007 

1.00619 1.00181 

GOOD GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
(at 75°C) 

0.442 0 

0.338 0 

0.272 0 

0.102 0 

~ ' . J 1/"-

Tested by : J. H. KIM ~ Reviewed by : J. Y. SIM 

PF 550-1 HYUNDAI HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 1. ;f1 -.0· d'::. ;- ' ~ . ,l,4 



HYUNDAI Current Transformer Certificate 
HtffY lXDFS'fRJE5 CD LTD 

TEST STANDARD IEEE C57.13 

TYPE 5123008084(VZC-1286) 

Class C800 -

C.T Ratio 2000 - 1500 - 1200 -

SERIAL NO. CA20124296 

400 I SA 

Date of Test 2012. 12. 27 

PROJ. No. 20120871 TKEOOl 

Burden 

Frequency 

200 VA 

60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 
Measuring 

2000/SA 1500/SA 1200/SA 400/SA 
VoltageM 

11.8 62.2 143.1 316.0 686.8 980.1 1030.8 1041.5 1086.2 

m ~X-1---X-5+-X-1--X-4-+-X-1---X-3+-X-1--X-2-+--M-e-a~su~ri~ng..;...._~o-.oo-2~41--o.-oo-8-+-o-.01-6+-0-.0-30-+-o.-os-8+--o.1-o-+-o-.1-5+-o-.2-6-+--s.-oo-1 
Current(A} 

1. Visual .:heck GOOD 

2. Rct at . 

secondary wdg 
15.9 'C 0.611 0.464 0.373 0.134 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated !Jurden 

impedance (Zb) 

5. Rated accuracy 

Limit current (!ASA) 

6. Exciting voltage (Es) 

0.755 0.574 0.461 0.166 

8.403 6.306 5.046 1.689 

100 100 100 100 

840.29 630.62 504.62 168.89 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

8.8 46.7 107.3 237.0 515.1 735.1 773.1 781.1 814.7 

0.0032 0.011 0.021 0.040 0.078 0.14 0.20 0.35 5.00 

7.1 37.3 85.9 189.6 412.1 588.1 618.5 624.9 651.7 

0.0041 0.014 0.027 0.050 0.097 0.17 0.25 0.44 5.00 

2.4 12.4 28.6 63.2 137.4 196.0 206.2 208.3 217.2 

0.0122 0.041 0.081 0.149 0.291 0.52 0.76 1.32 5.00 

0.074 0.099 0.123 0.370 7. Exciting current (le) 

1--------------------l 10000.00 -. -Excitis:Jg Cur-r..ent=.Voltage Curve---~ 
~ t ~ . : 

8. Composite error(%} 0.074 0.099 0.123 0.370 

9. Current error(%} at 
-0.116 -0.151 -0.195 -0.579 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. lnter-:urn Overvoltage 

test (-s l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.SkV/ lmin.) 

13. Terminal marking 

(Hl,H2/Xl,X2,X3,X4,XS} 

4. Rated burden impedance : VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Compo site Error(%) : Ie I !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 
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HYUNDAI Current Transformer Certificate 
HEAn l\O! l~JES CO. LTD 

TEST STANDARD ' IEEE C57.13 

TYPE 5123008084(VZC-1286) 

Class C800 - -
CT Ratio 2000 - 1500 - 1200 -

SERIAL NO. CA20124297 

1. Visual check GOOD 

2. Rct at. 

secondary wdg 
15.9 ·c 0.623 0.473 0.380 0.136 

3. Secondary winding 

resistance at 75°C (Rs) 
0.770 0.585 0.470 0.168 

4. Rated burden 

impedance {Zb) 
8.411 6.313 5.051 1.690 

5. Rated accuracy 

Limit current (!ASA) 
100 100 100 100 

6. Exciting voltage (Es) 841.13 631.25 505.11 169.03 

7. Exciting current Qe) 0.075 0.100 0.125 0.375 

8. Composite error(%) 0.075 0.100 0.125 0.375 

9. Current error(%) at 
-0.150 -0.216 -0.248 -0.648 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test ($l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.5kV/ lmin.) 

13. Terminal marking 

(H l,H2/Xl,X2,X3,X4,X5) 

4. Rated burden impedance : VA/ IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : le / !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

·' ' 

Date of Test 2012. 12. 27 

PROJ. No. 20120871TKE001 

Burden 200 VA 

400 I SA Frequency 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current{A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

1000.00 

~0.00 
Cl.I 
bl) 

!! 
0 
~10.00 
c: 
E 
~ 1.00 

11.8 62.3 144.2 311.2 685.2 981.3 1029.2 1038.2 1087.2 

8.8 46.7 108.1 233.4 513.9 735.9 771.9 778.6 815.4 

0.0032 0.011 0.021 0.040 0,078 0.14 0.20 0.35 5.00 

7.1 37.4 86.5 186.7 411.1 588.8 617.5 622.9 652.3 

0.0041 0.014 0.027 0.050 0.097 0.17 0.25 0.44 5.00 

2.4 12.S 28.8 62.2 137.0 196.3 205.8 207.6 217.4 

0.0122 0.041 0.081 0.149 0.291 0.52 0.76 1.32 5.00 

-, ExcitiJJg--Cur~t-Voltage-Curue .. , 
i : ~ I 'L : : i I 

______ .l_ _____ J I - ---~ 
l : a ~ _ l 
l ______ J/~ __ L.~_ .. ___ i _____ · __ __ j 
t ,.~/: / ; -- - i 
,--'-_,..... .... _L_ "'·-- -+--------·· -----. 
t : / i : j 
L_ _____ L __ . __ L ____ l_ ___ _l 

0.001 0.01 Exciting>OJrrent (A) 1 10 

Tested by : J. H. KIM ' J--V-c:;> ~Re~v~ie~w~· e~d~b=-,y~: --~J~. ~Y~. ~S=IM~ ~ 

PF 550-1 ~:f(ViN,P~I. , HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



HYUNDAI Current Transformer Certificate 
HE;\\".' l\D:.:STRJES CO.LTD 

TEST STANDARD IE EE C57.13 

TYPE 5123008084(VZC-1286) 

Class C800 -

C.T Ratio 2000 - 1500 - 1200 • 

SERIAL NO. CA20124298 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 ·c 0.613 0.465 0.374 0.134 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current {!ASA) 

6. Exciting voltage (Es} 

0.758 0.575 0.462 0.166 

8.404 6.307 5.047 1.689 

100 100 100 100 

840.43 630.69 504.69 168.89 

400 I SA 

Date of Test 2012. 12. 27 

PROJ. No. 20120871TKE001 

Burden 

Frequency 

200 VA 

60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V} 

Measuring 

Current(A} 

Measuring 

VoltageM 

Measuring 

Current{A) 

Measuring 

VoltageM 

Measuring 

Current{A) 

11.8 61.3 144.3 316.2 694.2 984.2 1025.2 1037.2 1085.2 

8.8 45.9 108.2 237.1 520.6 738.1 768.9 777.9 813.9 

0.0032 0.011 0.021 0.040 0.078 0.14 0.20 0.35 S.00 

7.1 36.8 86.6 189.7 416.S 590.5 615.1 622.3 651.1 

0.0041 0.014 0.027 0.050 0.097 0.17 0.25 0.44 5.00 

2.4 12.3 28.9 63.2 138.B 196.8 205.0 207.4 217.0 

0.0122 0.041 0.081 0.149 0.291 0.52 0.76 1.32 5.00 

0.079 0.105 0.132 0.395 7. Exciting current (le) 

1---------+-----1,..._--+---t------t 10000.00 -, Exciti11g-Cu.r.r.eqW-Oltage Curve.-. i .L ! ' : j 8. Composite error{%) 0.079 0.105 0.132 0.395 

9. Current error(%) at 
-0.140 -0.190 -0.230 -0.647 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (!>l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.5kV/ lmin.) 

13. Terminal marking 

(Hl,H2/Xl,X2,X3,X4,X5) 

4. Rated burden impedance VA/ IS2 

6. Exciting voltage (Es) : lASA x (Rs + Zb)V 

8. Composite Error (%) : le / !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 
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'J'J7 

HYUNDAI Current Transformer Certificate 
ur t1• J .. 0: 1 .:-rRIE~ "0 1'TO JJ~r\i. \ \.1 ·: l :l \· •:1 

TEST STANDARD . IEEE C57.13 

TYPE 5123008084(VZC-1286) 

Class 

C.T Ratio 

SERIAL NO. 

C800 -

2000 - 1500 - 1200 

CA20124299 

~ C.T Ratio 2000/SA 1500/SA 1200/5A 400/5A 

Test Item ~ Xl-XS Xl-X4 Xl-X3 Xl-X2 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 ·c 0.610 0.463 0.372 0.134 

3. Secondary winding 

resistance at 75°( (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current OASA) 

6. Exciting voltage (Es) 

7. Exciting current Oe) 

0.754 0.572 0.460 0.166 

8.402 6.306 5.046 1.689 

100 100 100 100 

840.22 630.55 504.55 168.89 

0.075 0.100 0.125 0.375 

Date of Test ' 2012. 12. 27 

PROJ. No. 20120871TKE001 

Bu rden . 200 VA 

400 I SA Frequency 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 
Measuring 

Voltage(V) 
11.8 61.4 144.3 316.2 687.2 977.2 1028.2 1039.7 1085.2 

Measuring 

Current(A) 
0.0024 0.008 0.016 0.030 0.058 0.10 0.15 0.26 5.00 

Measuring 
8.8 46.0 108.2 237.1 515.4 732.9 771.l 779.8 813.9 

VoltageM 

Measuring 

Current(A) 
0.0032 0.011 0.021 0.040 0.078 0.14 0.20 0.35 5.00 

Measuring 
7.1 36.8 86.6 189.7 412.3 586.3 616.9 623.8 651.1 

Voltage(V) 

Measuring 

Current(A) 
0.0041 0.014 0.027 0.050 0.097 0.17 0.25 0.44 5.00 

Measuring 

Voltage(V) 
2.4 12.3 28.9 63.2 137.4 195.4 205.6 207.9 217.0 

Measuring 

Current(A) 
0.0122 0.041 0.081 0.149 0.291 0.52 0.76 1.32 5.00 

- --

10000.00 -. -ExcitiJlg Cur.r~.oltage.-Cutv-e- .. ~ 
1-8-. C_o_m_po- si-te- e-rr-or-(%- )--+--0-.0-7-5-+-0-.-1-00--0-.1-2-5-+-0-.-3-7 -15 I l j ! l 

1000.00 L . _____ .. L ______ J .. 1 ___ .J 
9. Current error(%) at 

-0.129 -0.181 -0.209 -0.590 
200 / 150 / 120 / 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (~ l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.5kV/ lmin.) 

13. Terminal marking 

(Hl,H2/Xl,X2,X3,X4,X5) 

4. Rated burden impedance : VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : le I !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

~0.00 
t 
fll .... 
0 
~10.00 
c 
+: 

: ~ ,,,.,:;,, ~ 

L#-~---_J - _[__/-~-- - .l .. ________ J / . ' i · : I 
l ;'I ; I 
!--~ --+---- - L .. ..l __ . ___ ... .!. ___ _ ____ !.: 
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HYUNDAI Current Transformer Certificate 
HEA\1' l\Dilf!PJES CO. LTD 

TEST STANDARD IEE E C57.13 

TYPE 

Class 

5123008084{VZC-1286) 

(800 - -

Date of Test 2012 12. 27 

20120871TKE001 

200 VA 

C.T Ratio 2000 - 1500 - 1200 - 400 I SA 

PROJ. No. 

Burden 

Frequency 60 Hz 

SERIAL NO. CA20124300 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 °C 0.611 0.464 0.373 0.134 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (lASA) 

6. Exciting voltage (Es) 

0.755 0.574 0.461 0.166 

8.403 6.306 5.046 1.689 

100 100 100 100 

840.29 630.62 504.62 168.89 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V) 

MeasurJng 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current(A) 

11.8 61.3 144.7 316.2 687.2 981.2 1033.2 1039.2 1084.2 

8.8 45.9 108.5 237.2 515.4 735.9 774.9 779.4 813.1 

0.0032 0.011 0.021 0.040 0.078 0.14 0.20 0.35 5.00 

7.1 36.8 86.8 189.7 412.3 588.7 619.9 623.5 650.5 

0.0041 0.014 0.027 0.050 0.097 0.17 0.25 0.44 5.00 

2.4 12.3 28.9 63.2 137.4 196.2 206.6 207.8 216.8 

0.0122 0.041 0.081 0.149 0.291 0.52 0.76 1.32 5.00 

0.077 0.103 0.128 0.385 7. Exciting current (Ie) 
1----------t---+---t----t---1 10000.00 Ex.citiqg-Cu.r.r~.oltage Curve. ... ; 

t !· ' 
8. Composite error(%) 0.077 0.103 0.128 0.385 

9. Current error(%) at 
-0.119 -0.145 -0.197 -0.606 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (~ l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.5kV I lmin.) 

13. Terminal marking 

(Hl,H2/Xl,X2,X3,X4,XS) 

4. Rated burden impedance VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : Ie I IASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

1000.00 

~0.00 
~ .. 
0 
~10.00 
c .... 
·u 
x 
IM 1.00 
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HYUNDAI Current Transformer Certificate 
HEAl.'Y JXD1!)J'R!ES CO. LID 

TEST STANDARD IEEE C57.13 

TYPE 
Class 

· 5123008084(VZC-1286) 

C800 -

Date of Test 2012 12. 27 

20120871TKE001 

200 VA 

C.T Ratio 2000 - 1500 - 1200 - 400 / SA 

PROJ. No. 

Burden 

Frequency 60 Hz 

SERIAL NO. CA20124301 

~ C.T Ratio 2000/SA 1500/ SA 1200/SA 400/ SA 

Test Item ~ Xl-XS Xl-X4 Xl-X3 Xl-X2 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
15.9 °C 0.611 0.463 0.372 0.134 

3. Seco ndary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (!ASA) 

6. Exciting voltage (Es) 

0.755 0.572 0.460 0.166 

8.403 6.306 5.046 1.689 

100 100 100 100 

840.29 630.55 504.55 168.89 

EXCITING CURRENT CHARACTERISTIC TEST 
Measuring 

Voltage(V) 
11.8 61.3 145.9 316.2 687.2 981.2 1025.2 1039.6 1088.2 

Measuring 
0.0024 0.008 0.016 0.030 

Current(A) 
0.058 0.10 0.15 0.26 5.00 

Measuring 

Voltage(V) . 
8.8 46.D 109.5 237.1 515.4 735.9 768.9 779.7 816.1 

Measuring 

Current(A) 
0.0032 0.011 0.021 0.040 0.078 0.14 0.20 0.35 5.00 

Measuring 

Voltage(V) 
7.1 36.8 87.6 189.7 412.3 588.7 615.1 623.8 652.9 

Measuring 
0.0041 

Current(A) 
0.014 0.027 0.050 0.097 0.17 0.25 0.44 5.00 

Measuring 

Voltage(V) 
2.4 12.3 29.2 63.2 137.4 196.2 205.0 207.9 217.6 

Measuring 

Current(A) 
0.0122 0.041 0.081 0.149 0.291 0.52 0.76 1.32 5.00 

,_7_. E_x_cit-in_g_c_u_rre_n_t_(re_l_-+-o_._01_2-+-_o_.0_9_6-t-0-.1-2_0-+-0-._36_0-i 10000_00 ~r -Exciting-Cur.r~V.oltage-Cutv.e-- 1 
I I : I I 8. Composite error(%) 0.072 0.096 0.120 0.360 

9. Current error(%) at 
-0.128 -0.177 -0.216 -0.638 

200 I 150 I 120 I 40 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (~l.6kV, 400Hz/ 18sec.) 

12. Power frequency with

stand test (2.SkV/ lmin.) 

13. Terminal marking 

(Hl,H2/Xl ,X2,X3,X4,XS) 

4. Rated burden impedance VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : l e I IASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

I I I I 

1000.00 L _____ ._L ______ , i __ J 
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~0.00 
ti 
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~ 
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---
NO. 1212CA20124302 

HYUNDAI 
HEAVY J:~DUSTRIES CD .. LTD 

Test Certificate 
Specification of Bushing Current Transformer 

TYPE . 5123008085 (VZC-1287) Project No. . 20120871 TKEOOl 

Accuracy Class : 0.3B-l.8 

45 VA 

CA20124302 

Pri.current , 2000-1500- 1200-400 A 

Burden 

Serial No. 

1. Verification of terminal marking. 

2. Polarity. (Subtractive) 

3. Power-frequency tests on secondary winding 

Sec.current , 

Frequency 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

~ 0.2 kV 18sec at 400 Hz 

5. Determination of errors. 

*Rated burden, frequency and power-factor of 0.9 lagging current. 

± %current error ± Phase dis placement Ratio 
Curre nt 

at rated current. at rated current. Correction 

( Percentage) ( minute) Factor 
Burden 

100% 10% 100% 10% 100% 10% 

45 VA ± 0.3 ±0.6 ± 15.6 ±31.2 1 ± 0.003 1 ±0.006 

2000/5 A 45 VA -0.1 44 -0.188 2.51 4.51 1.00144 1.00188 

1500/5 A 45 VA -0.226 - 0.295 3.97 7.10 1.00227 1.00296 

1200/5 A 45 VA -0.312 - 0.412 5.69 10.10 1.00313 1.0041~ 

400/5 A 45 VA - 2.01 6 -2.016 29.01 61.25 1.02057 1.02057 

Result GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard IEEE C57. 13, 

Temperature 15.9 't Humidity 24 % 

Date 2012, 12 . 27 

T ested by : J. H. KIM Reviewed by : J. Y. SIM 

-

5A 
60Hz 

Transformer 

Correction 

Factor 

100% 10% 

1 ± 0.003 1 ± 0.006 

1 .00048 1.00015 

1.00074 1.00023 

1.00094 1.00025 

1.00942 0.99702 

GOOD GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
(at 75°C) 

0.367 Q 

0.282 Q 

0.228 n. 

0.087 Q 

PF 550-1 ~Y~Nr.g~~': HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 



NO. 1212CA20124303 

HYUNDAI 
HEAVY L'lDF~TRIES CO .. LTD 

Test Certificate 
Specification of Bushing Current Transformer 

TYPE . 5 123008085 (VZC- 1287) Project No. 20120871 TKEOOl 

Accuracy Class ; 

Burden , 

0.3B - l.8 

45 VA 

CA20124303 

Pri. current , 2000-1500- 1200- 400 A 

Sec.current , 5 A 

Serial No. Frequency 

1. Verification of terminal marking. 

2. Polarity. (Subtractive) 

3. Power-freque ncy tests on secondary winding 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

~ 0.2 kV 18sec at 400 Hz 

5 . Determination of errors. 

*Rated burden, frequency and power- fac tor of 0.9 lagging current. 

± %current error ± Phas e dis place ment Ratio 
Curre nt 

at rated current . at rated current. Correction 

( Percentage) ( minute) Factor 
Burden 

100% 10% 100% 10 % 100% 10% 

45 VA ± 0.3 ±0.6 ± 15.6 ± 31.2 1 ± 0.003 I ± 0.006 

2000/5 A 45 VA - 0.106 -0.151 2.44 4.46 1.00106 1.00 151 

1500/5 A 45 VA - 0.176 - 0.247 3.89 7.02 1.00176 1.00248 

1200/5 A 45 VA - 0.272 - 0.373 5.55 10.04 1.00273 1.00374 

400/5 A 45 VA - 1.963 - 2.666 27.48 62.29 1.02002 1.02739 

Result GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard IEEE C57. 13, 

Temperature 15.9 't Humidity 24 % 

Date 20 12, 12 . 27 J) ' . ·. ,....__. 
Teste d by : J . H. KIM .c_:;;;:> Reviewed by : J. Y. SIM 

60Hz 

Transformer 

Correction 

Factor 

100% 10% 

1 ± 0.003 1 ± 0.006 

1.00012 0.99980 

1 .00027 0.9 9978 

.1.00059 0.99988 

1.00945 1.00343 

GOOD GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
(at 75°C) 

0.364 0 

0.279 0 

0.225 0 

0.086 0 

~ 
PF 550-1 ~Y4.~r.Q~I.:_ .. HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 



NO. 1212CA20124304 

HYUNDAI 
HEAVY !'.'(DUSTRIES CO .. LTD 

Test Certificate 
Specification of Bushing Current Transformer 

TYPE , 5123008085(VZC-1287) Project No. 20120871 T KEOOl 

Accuracy Class ; 

Burden , 

0.3B-l.8 

45 VA 

CA20124304 

Pri.current , 2000-1500-1200-400 A 

Sec.current , 

Serial No. Frequency 

1. Verification of terminal marking. 

2. Polarity . (Subtractive) 

3. Power- frequency tests on secondary winding 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

~ 0.2 kV 18sec at 400 Hz 

5. Determination of errors . 

~Rated burden, frequency and power - factor of 0.9 lagging current. 

± %current error ± Phase displacement Ratio 
Current 

at rated current. at rated current. Correction 

( Percentage) ( minute) Factor 
Burden 

5A 

60Hz 

Transformer 

Correction 

Factor 

100% 10% 100% 10% 100% 10% 100% 10% 

45 VA ±0.3 ± 0.6 ± 15.6 ± 31.2 1 ±0.003 1 ± 0.006 1±0.003 1 ± 0.006 

2000/5 A 45 VA -0.127 - 0.172 2.42 4.44 1.00127 1.00172 1.00034 1.00002 

1500/5 A 45 VA -0.223 -0.294 3.85 6.97 1.00223 1.00295 1.00075 1.00027 

1200/5 A 45 VA - 0.297 -0.399 5.52 10.02 1.00298 1.00401 1.00086 1.00015 

400/ 5 A 45 VA -1.981 - 2.687 27 .22 61.74 1.02021 1.02761 1.0097 4 1.0038 7 

Result GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard IEEE C57. 13, 

Temperature 15.9 °C Humidity 24 % 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
{at 75°C) 

0.365 0 

0.280 0 

0.225 0 

0.086 0 

Date 2012, 12. 27 ,., 
~ . /-i- · 

Tested by : J. H. KIM <.P Reviewed by : J. Y. SIM 

PF 550-1 Ji.:V~~J~~t . HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 



--~ 

N O. 1212CA20124305- 4307 

HYUNDAI 
HEAn I:~Dl!S'I'RIES CO .. LTD 

Test Certificate 
Specification of Bushing Current Transformer 

TYPE I 5123008086 (VZC- 1288) Project No. ' 

Accuracy Class : l.2B-0.5 Pri.current ' 
Burden I 12.5 VA Sec.current ' 
Seria l No. ' CA20 124305-4307 Frequency ' 

1. Verification of terminal marking. 

2. Polarity. (Subtractive) 

3. Power-frequency tests on secondary winding 

2.5 kV 60 Hz 60 sec 

4. Induced voltage tests on secondary winding 

~ 0.2 kV 18sec at 400 Hz 

5 . Determination of errors. 

*Rated burden, frequency and power-factor of 0.9 lagging current. 

± %current e r ror ± Phase displacement Ratio 
Current 

at rated current. at rated current. Correction 

( Percentage) (minute) Factor 
Burden 

100% 10% 100% 10% 100% 10% 

12.5 VA ±1.2 ±2.4 ±62.4 ± 124.8 1 ±0.012 1 ±0.024 

CA201 24305 12. 5 VA -0.034 - 0.052 0.58 1.24 1.00034 1.00052 

CA20124306 12.5 VA -0.034 - 0.051 0.58 1.24 1.00034 1.00051 

CA20124307 12.5 VA - 0 .048 - 0 .091 0.64 2.21 1.00048 1.0009 1 

20 1208 7 1 TKE001 

7000 A 

5A 

60Hz 

Transformer 

Correction 

Factor 

100% 10% 

1±0.012 1 ±0.024 

1.00012 1.00004 

1.00012 1.00003 

1.00023 1.00006 

GOOD 

GOOD 

GOOD 

GOOD 

GOOD 

Registance 
(at 75°C) 

0.514 0 

0.515 0 

0.512 0 

Result GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 

Applied Standard IEEE C57. 13, 

Temperature 15.9 °C Humidity 24 % 

Dat e 2012, 12 . 27 ." . j ·i.- ·· 
<.....::;:::> Reviewed by : J. Y. SIM Tested by : J. H. KIM 

PF 550-1 tl.Y~:~,Q~I, .. HYUNDAI HEAVY INDUSTRES CO. LTD A4(210 x 297) 
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t1YY1~R~!~10 Current .Transformer Certificate 
TEST STANDARD . IEEE C 57.13 Date of Test ; 2012. 12. 28 

TYPE 5123008087(VZC-1289) PROJ. No. 20120871TKE001 

Class C800 Burden . 200 VA 

C.T Ratio 7000/SA . Frequency 60 Hz 

SERIAL NO. CA20124308 EXCITING CU RRENT CHARACTERISTIC TEST 

~ 
7000/SA 

Measuring 
12.6 91.1 269.2 479.2 693.0 873.4 1074.7 1127.5 1169.8 

Voltage(V) 

Xl-X2 
Measuring 

0.0005 0.0026 0.0063 0.0101 0.0142 0.0181 0.0462 0.2978 S.0000 
T 

Current(A) 
. . .. 

1. V isual check GOOD 
Exciting Current".'Voltage Curve 

2. Secondary winding 
at 16.2 ·c 1.289 

' I 

I 
resistance (Rs) 

I I 
I 

3. Secondary winding I I 

resistance at 75°C (Rs) 
1.591 

J _______ .L I 4. Rated burden . ·1000.00 .. 
8.903 I I r impedance (Zb) 

I 

' l I 
I ' 

I ' I .. 
I 

5. Rated accu racy ' 
100 I I 

Limit current (IASA) I I I 
890.28 ~ ~--·---l-

. 
6. Excit ing voltage (Es) 

~.00 

.LL __ 
• Cll I 1 I - I I I 7. Exciting current (le) 0.0782 0 I 

> I l 
QO I ! c 

L __ /L_ 0.0782 
+; 

8. Composite error(%) ·u 
)( 
w 

10.00 
9. Current error(%) at 200 VA -0.026 I l 

I 
I I 

10. Phase displac-

I 
I I 

I 

at 200 VA -0.18 L ____ t ement(min) 

11. Polarity test Subtractive 
1.00 

12 Induced voltage test 0.0001 0.001 0·~iciting cu9r1nt (A) 1 10 
Withstood 

(1.6KV, 400Hz, 18sec) 

13. Power frequency with-
Withstood 

stand test (2.SkV I l min.) 

14. Terminal marking 
Satisfactory 

(Hl,H2/Xl,X2} 

4. Rated burden impedance : VA/ IS2 

6. Exciting vol tage (Es) : IASA x (Rs + Zb)V 

8. Composite Error (%) : le I IASA x 100% 

. , . .., / 
Iested b~; J. H. KIM D ; v- R~vi~wed b~; J. Y. SIM~ 

PF 550-1 L ~.Vll.N.D~I HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 
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~~YM,~RQ,~t0 Current Transformer Certificate 
TEST STANDARD . IEEE C 57.13 Date of Test : 2012. 12. 28 

TYPE 

Class 

5123008087(VZC-1289) 

C800 

PROJ. No. 

Burden 

Frequency 

20120871TKE001 

200 VA 

C.T Ratio 7000/SA 60 Hz 

SERIAL NO. CA20124309 EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 
12.6 93.3 2722 487.2 695.2 874.2 1069.2 1128.2 1170.5 ~ C.T Ratio 7000/SA 

Test Item ~1---X-l--X-Z--+-~-=__;_-+-~-+-~-+~-+----+--+-~+-----l1---+---1 
Voltage(V) 

Measuring 
0.0005 0.0026 0.0063 0.0101 0 .0142 0.0181 0.0462 0.2978 5.0000 

Current(A) 

1. Visual check 

2. Secondary winding 

resistance (Rs) 
at 16.2 ·c 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (IASA) 

6. Exciting voltage (Es) 

7. Exciting current (le) 

8. Composite error(%) 

9. Current error(%) at 200 VA 

10. Phase displac

ement (min) 

11. Polarity test 

at 200 VA 

12 Induced voltage test 

(l.6KV, 400Hz, 18sec) 

13. Power frequency with

stand test (2.SkV I lmin.) 

14. Terminal marking 

(Hl,H2/Xl,X2) 

GOOD 

1.291 

1.594 

8.904 

100 

890.44 

0.0775 

0.0775 

-0.033 

-0.17 

Subtractive 

Withstood 

Withstood 

Satisfactory 

4. Rated burden impedance : VA/ I52 

6. Exciting voltage (Es) : IASA x (Rs + Zb)V 

8. Composite Error (%) : le I IASA x 100% 

Tested by: J. H. KIM 

1000.00 

10.00 

1.00 

-

Exciting Current-Voltage Curve 

~----~---· ~~I~~, ~--~ 
I : 
I I 

~---···-L 
I 
I 
I 
I 
I 
I 

'--~---r--~-:i------

~- --- -~-~----------------.ii 
I f ' 

I I 
I I 

L ___ L--'---_____ ____ _. 

0.0001 0.001 0.01 I . C 0.1 ( ) Exe ting urrent A 
1 10 

......,R ..... ev,_,_ie"""w"""e"""d=--=.by,__,_: _ _ _..J.._. Y_,_, . .....,S=IM~ ~ 
PF 550-1 L t:t.Y~ND~I HYUNDAI HEAVY INDUSTRIES co. L TO A4(210 x 297) 
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t1YM1~RQ~t0 Current Transformer Certificate 
TEST STANDARD I IEEE C 57.13 Date o f Test : 2012. 12. 28 

TYPE 5123008087 (VZC-1289) PROJ. No. 20120871TKE001 

Class (800 Burden . 200 VA 

C.T Ratio 7000/SA Frequency 60 Hz 

SERIAL NO. CA20124310 EXCITING CURRENT CHARACTERISTIC TEST 

7000/SA 
Measuring 

12.6 91.3 268.7 480.2 693.9 874.2 1075.2 1132.2 1171.2 

C.T Ratio Voltage(V) 

Test Item 
Xl -X2 

Measuring 

Current(A) 
0.0005 0.0026 0.0063 0.0101 0.0142 0.0181 0.0462 0.2978 5.0000 

1. Visual check GOOD 
Exciting Current-Voltage Curve 

2. Secondary winding 

resistance (Rs) 
at 16.2 ·c 1.301 J I 

I I 
3. Secondary winding 

1.606 I I 
resistance at 75°C (Rs) , ________ L ____ 

4. Rated burden 1000.00 . . 
8.912 ' ' I I impedance (Zb) 

I l 
I I 
I l 

5. Rated accuracy 
I I I 100 I I _L ______ Limit current (IASA} 

~---·..L 6. Exciting voltage (Es) 891.21 ~ .,.00 
Ill .. I I 

7. Exciting current (le) 0.0766 0 I I 
> I I 
bl) I I 
.!: I i 8. Composite error(%) 0.0766 
.. ·u 

L--~-... L--~·. 
)( 
w 

10.00 ---c 
9. Current error(%) at 200 VA -0.030 I I I 

' I 

10. Phase displac- I f 
at 200 VA -0.17 I I 

ement(min) L ____ l_ 11. Polarity test Subtractive 
1.00 --

12 Induced voltage test 0.0001 0.001 0-~J-citing Cu~rint (A) 1 10 
W ithstood 

(1.6KV, 400Hz, 18sec) ·-- -
13. Power frequency with-

Withstood 
stand test (2.SkV I lmin.) 

14. Terminal marking 
Satisfactory 

(H1,H2/Xl ,X2) 

4. Rated burden impedance : VA I IS2 

6. Exciting voltage (Es) : IASA x (Rs + Zb)V 

8. Composite Error (%) : le I IASA x 100% 

, . '\ 

J. Y. SIM~ T~~ted b~ : J. H. KIM D l .,,,.._.. Be~iewed b~ : 

PF 550-1 L ~YU.~D.~I HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



l)'l7 

f liYY1~Q~l,10 Current Transformer Certificate 

TEST STANDARD IEEE C57.13 

TYPE 5123008088 (VZC-1290) 

Class C800 - -
C.T Ratio . 5000 - 4000 - 2000 

SERIAL NO. CA20124311 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
16.2 ·c 1.027 0.813 0.401 0.307 

3. Secondary winding 

resistance at 75°C {Rs) 

4. Rated burden 

impedance (Zb} 

5. Rated accuracy 

Limit current (!ASA) 

1.268 1.004 0.495 0.379 

8.703 6.956 3.474 2.610 

100 100 100 100 

-

-

Date of Test ' 2012. 12. 28 

PROJ. No. 20120871TKE001 

Burden 200 VA 

1500 I SA Frequency 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V} 

Measuring 

Current(A} 

Measuring 

Voltage{V) 

Measuring 

Current(A) 

Measuring 

Voltage(V} 

12.3 84.1 248.6 444.2 765.9 892.8 1037.6 1102.4 1155.1 

9.8 67.3 198.9 355.3 612.7 714.2 830.0 881.9 924.1 

0.0010 0.005 0.011 0.018 0.029 0.03 0.06 0.26 5.00 

4.9 33.6 99.4 177.7 306.4 357.l 415.0 441.0 462.0 

0.0020 0.009 0.022 0.035 0.058 0.07 0.11 0.53 5.DO 

3.7 25.2 74.6 133.3 229.8 267.8 311.3 330.7 346.5 

6_ Exciting voltage {Es) 870133 695162 347140 261102 
Measuring 

0.0027 0.012 0.029 0.047 0.077 
. Current(A} 

0.09 0.15 0.71 5.00 

7. Exciting current (le} 0.074 0.093 0.185 0.247 
1---------+----t-----+----+-----t 

8. Composite error{%) 0.074 0.093 0.185 0.247 

9. Current error(%} at 
-0.058 -0.068 -0.217 -0.368 

200 I 160 I BO I 60 VA 

10. Polarity test 

11. Inter-turn Overvoltage 

test (~l.6kV, 400Hz/ 18sec.} 

12. Power frequency with

stand test (2.SkV/ lmin.) 

13. Terminal marking 

(H l,H2/Xl,X2,X3,X4 ,XS) 

4. Rated burden impedance: VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb}V 

8. Composite Error (%) : le I !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by : J. H. KIM 

10000.00 

1000.00 

~o.oo · 
i 
0 
~10.00 
.!C 
.t: 
u 
>< 
w 1.00 

----... -.--, 

~--Exc~.ng~.teAt--Voltag.e.CuAte..-~ 
; i i I 1· ; 

I I . I I I 

------ _L _____ .. L I _ ... 1 ·---1 
! ;L· t I . I -

1
-- I 

L ~ -·,-: I . ---·-·· ? .. J-- 7 - --L _ _____ ._.J _____ .. j 

i vi/ : ; i L_ ----- '-- ., !-----·- .. 1 ______ .... L . _____ . . 
' : ,. ,,. < . : 

I \ , I · · j 
I I I • ' _J 
L ____ L_~_L_ ___ L_ _____ J___ . 

0.0001 0.001 Eicftelng Currer11: (A) 1 10 

~R~ev~ie=w~e=d"--=-,by_: --~J~. ~V~· ~S_I~M ~ 

PF 550-1 ti.Y4N.P~~ . . HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



[ ttY~J!JMt0 Current Transformer Certificate 

TEST STANDARD IEEE C57.13 

TYPE 5123008088(VZC-1290) 

Class C800 - - . 
C.T Ratio 5000 - 4000 - 2000 

SERIAL NO. CA20124312 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
16.2 °C 1.036 0.822 0.405 0.308 

3. Secondary winding 

resistance at 75°C (Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current {!ASA) 

6. Exciting voltage (Es) 

7. Exciting current (le) 

1.279 1.015 0.500 0.380 

8.710 6.963 3.477 2.611 

100 100 100 100 

871.00 696.30 347.70 261.09 

0.072 0.090 . 0.180 0.240 
i---------+----1,.._---+---t----1 

8. Composite error(%) 0.072 0.090 0.180 0.240 

9. Current error(%) at 

200 I 160 I 80 I 60 VA 
-0.057 -0.065 -0.265 -0.406 

10. Polarity test 

11. Inter-turn Overvoltage 

test (s l.6kV, 400Hz/ 18sec.) 

12. Power frequency with 

stand test (2.SkV I lmin.) 

13. Terminal marking 

{H l ,H2/Xl,X2,X3,X4,X5) 

4. Rated burden impedance: VA/ 152 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%} : le / !ASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

Date of Test 2012. 12. 28 

PROJ. No. 20120871TKE001 

Burden 200 VA 

1500 I SA Frequency 60 Hz 

EXCITING CURRENT CHARACTERISTIC TEST 

Measuring 

Voltage(V) 

Measuring 

Current{A) 

Measuring 

VoltageM 

Measuring 

Current(A) 

Measuring 

Voltage{V) 

Measuring 

Current{A) 

10000.00 

1000.00 

~0.00 
~ 
"' .... 
0 
~10.00 
.~ ... 
·~ 
w 1.00 

12.3 83.2 247.7 442.2 766.2 889.7 1035.4 1098.2 1157.2 

9.8 66.6 198.1 353.8 612.9 711.8 828.3 878.5 925.7 

0.0010 0.005 0.011 0.018 0.029 0.03 0.06 0.26 5.00 

4.9 33.3 99.1 176.9 306.S 355.9 414.2 439.3 462.9 

0.0020 0.009 0.022 0.035 0.058 0,07 0.11 0. 53 5.00 

3.7 25.0 74.3 132.7 229.8 266.9 310.6 329.5 347.2 

0.0027 0.012 0.029 0.047 0.077 0.09 0.15 0.71 5.00 

,-Exciting-Cuu:ent...-Voltage-C:un1e -- 1 

i i r I i I L __ _____ L _____ .. L -·---
! : ! , I ·---~~'~ : I ~ ' ·_r ·- ,.. - - t 

L I .... ,i"f" I I ___ ____ l-7)----!-- _____ L ______ ..1 ____ : __ .J 

l ____ --~ L' .... i _ ___ .. L ____ .J 
f, • ~ ~ ~ j I I , : I 
I : ; ! : I 
L ____ ~_L_:...._L__· __ L _____ L_ ___ J 

0.0001 0.001 EicOOng Currant (A) 1 10 . 

~R~ev~ie~w~e=d~by,,_,_:~~~J~· ~Y~·~S=I~M ~ 

PF 550-1 1;1Y4~,p~1. HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



HYUNDAI Current Transformer Certificate 
HEAVY MUSTRitS CO. LTD 

. TEST STANDARD IEEE C57.13 Date of Test 2012. 12. 28 

TYPE 512 3008088(VZC-1290) PROJ. No. 20120871TKE001 

Class (800 - - - Burden 200 VA 
C.T Ratio 5000 - 4000 - 2000 - 1500 I SA Frequency 60 Hz . 

SERIAL NO. CA20124313 EXCITING CURRENT CHARACTERISTIC TEST 
Measuring 

5000/ SA 4000/ SA 2000/ SA 1500/SA 
Voltage{V) 

12.3 82.1 248.7 441.4 765.2 887.2 1033.4 1102.2 1156.2 

m ~X-1--X-S-+--X-1--X-4-+--X-1--X-3-+--X-1--X-2-+--M-e-a~su~r~in-g-+-o-.oo-o-8+--o-.004-~o-.oo-9-+--o-.o-14-+-0.-02-3-+--o.-03-+-o-.o-s-+--o.-21--+-5-_o-40 
Current(A) 

1. Visual check GOOD 

2. Rct at . 

secondary wdg 
16.2 ·c 1.031 0.817 0.403 0.309 

3. Secondary winding 

resistance at 75°C {Rs) 

4. Rated burden 

impedance (Zb) 

5. Rated accuracy 

Limit current (!ASA) 

6. Exciting voltage {Es) 

7. Exciting current (le) 

1.273 1.009 0.498 0.381 

8.706 6.959 3.476 2.612 

100 100 100 100 

870.63 695.92 347.55 261.17 

0.076 0.095 0.190 0.253 
1--------~-+----11----+-~--t-~--1 

8. Composite error(%) 0.076 0.095 0.190 0.253 

9. Current error(%) at 

200 I 160 I 80 I 60 VA 
-0.063 -0.085 -0.271 -0.408 

10. Polarity test 

11. Inter-turn Overvoltage 

test (!> 1.6kV, 400Hz/ lBsec.) 

12. Power frequency with 

stand test (2.SkV/ lmin.) 

13. Terminal marking 

(Hl,H2/X1.X2,X3,X4,XS) 

4. Rated burden impedance : VA I IS2 

6. Exciting voltage (Es) : !ASA x (Rs + Zb)V 

8. Composite Error (%) : le I IASA x 100% 

Subtractive 

Withstood 

Withstood 

Satisfactory 

Tested by: J. H. KIM 

Measuring 

Voltage(V) 

Measuring 

Current{A) 

Measuring 

Voltage{V) 

Measuring 

Current(A) 

Measuring 

Voltage(V) 

Measuring 

Current{A) 

10000.00 

1000.00 

~0.00 
~ .. 
0 
~10.00 
c 

·.;::; 
·u 
)( 

..... 1.00 

9.8 65.7 198.9 353.1 612.2 709.7 826.7 881.7 924.9 

0.0010 0.005 0.011 0.018 0.029 0.03 0.06 0.26 5.00 

4.9 32.8 99.5 176.S 306.1 354.9 413.4 440.9 462.5 

0.0020 0.009 0.022 0.035 0.058 0.07 0.11 0.53 5.00 

3.7 24.6 74.6 132.4 229.6 266.2 310.0 330.7 346.9 

0.0027 0.012 0.029 0.047 0.077 0.09 0.15 0.71 5.00 

,--fxci~i.ng ..CU~.ien~-V.oltage.Cur-ve-- 1 

r i i ; 1 J -
~----- .! ____ __ . !- I __ __ 1 •. • 

I ; : /"'"" .....4:: 1 · 
i : : ~ ~- --' i 

L ______ i__~ ... !-- _ i_ I .. ! 
' : ~ ' l I ;. . ; . . J l ; • • 

1 _______ 1.Z __ .. ... 1 ______ ..i _ ____ .. _L ____ ,. 
' 
I : ~ i 1 ~ J1 L ____ __! _ __ _L_ ____ L __ __ J _ ___ _ 

0.0001 0.001 eicOOng Curr0111: (A) 1 10 

~R_ev~ie_w~e~d_b...,y,_,_: --~J~. _Y~. ~S=IM~ ~ 

PF 550-1 ~Y4.N.P~~ ... HYUNDAI HEAVY INDUSTRIES CO. LTD A4(210 x 297) 



~HYUNDAI 
HEAVY INDUSTRIES C:O..LTD. 

Customer 

Project Name 

: AUSTIN ENERGY 

: ANSTIN ENERGY I DUNLAP SUBSTATION 

Project. Ser. No. : 20120871-TKE001 

Equipment Name : LOCAL CONTROL PANEL FOR 

403/535/672MVA TRANSFORMER 

240 

INSPECTION & TEST REPORT 

WITNESSED BY ; 

TESTED BY CHECKED BY APPROVED BY 

NAME S. Y. AHN H. G. JI H. Y. KIM ... .- .. .. . -· - " 
. 
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~HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Sheet No. 2 of 5 

INSPECTION.& ROUTINE TEST REPORT 
Shop test date : 31-Jan-13 Project Name : ANSTIN ENERGY I DUNLAP SUBSTATION 

+SCOPE + Inspection category : 

• Local Control Panel 

D Remote Control Panel 

D Metrosil Panel 

+CODE AND ST AN DARO 

' I fl IEEE D CSA 

+ELECTRICAL CHARACTERISTICS 

1 Panel 

Panels 

Panels 

D NEMA 

• Self Test Checked 

D VMCC 

D VMCC 

0 Metering PNL 

D JEM D KS 

* WITNESS TEST 

Panels 

Panels 

Panels 

D JIS/JEC 

0 System : AC 1PH 3W 0 Type : D In-door • Out-door 

0 Norminal frequency 

0 Control power supply 

0 Auxiliary power supply 

0 Rated short time withstand current 

+GENERAL 

0 STEEL THICKNESS : SPHC 

60 

• 
D 

Sym. 

Hz 
DC 125 v 
DC v 

KA 

0Frame 0Frontdoor 

A 1.6t B 2.0t c 2.3t D :2.6t 

0 Painting : Color ANSI 70 

Spec. value· : above 100 .um. 

• AC 120 v 
D AC v 

Sec 

02nddoor 

E 3.0t F 3.2t 

Actual varue : Min.: 106 JJJl1 Max.: 114 µm Aver.: 110 µm 

0 Degree of protection : I P • I NEMA 4 

0 Phase identification letter : 3 0 Main bus marking color 

NO 1st 2nd 3rd 4th 

1 u v w N 

2 A B c N 

3 L1 L2 N -
4 x y z -

0 Control cable color : 

Color Code Phase 

A Red B White C Blue L1 

D Black E Green F Yellow · L2 

G Green+ Yellow H Gray N 

. 

. 

-

. 

-

. 

Color 

F 

F 

F 

-
,/' 

, '•.:\ 
• • • > 

; ; • 'j,. \ ~ \ 
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.IA.HYUNDAI 
HEAVY INDUSTRIES CO..LTD. 

Sheet No. : 3 of 5 

1.ROUTINE TEST FOR LOCAL CONTROLPANEL ••••• (1PANEL) 

1) VISUAL INSPECTION -·--·-------------------------------------------------------- ( Satisfactory I* 

1) Panel arrangement and assembly condition. 

2) Measurement of out-line dimension by using a scale (See Attached Sheet 4 of 5) 

G Spec. value: Width 1600 (mm) Height 1700 (mm) Depth 700 (mm) 

0 Measur. value: Width 1601 {mm) Height 1701 (mm) Depth 701 (mm) 

*Allowance: 0-2000mm:±3mm, 2001-3000mrn:±5mrn, 3001-4000mrn:±6mrn , 4001- 5000mm:±7mrn 

5001 - 6000mrn:±8mm, 6001 - 7000mrn:±9mm , 7001 - 8000mm:±10mm, 8001 - 10000mm:±15mm 10001-above:±20mm 

3) Name plate and rating of panel and apparatus. 

4) Wiring and connection terminal treatment. 

5) Fitting apparatus and material condition. 

2) MECHANICAL OPERATION TEST --------------------------------- N/A I* 

1) Check the mechanism like draw-out, draw-in of unit. ------------------

2) Check the interchange ability of draw-out type unit. 

A VCB B GCB C VCNCS D ACB E GPT F PT G BUCKET 

3) MEASUREMENT OF INSULATION RESISTANCE TEST -------------- (Satisfactory I* 

• 500V(Aux. circuit) D 500V(Main circuit) Megger Ambient Temp. : 22'C 

L 1 - E : MQ L2 - E : 
Before 

L 1 - L2 : MQ L2 - L3 : 
Main circuit 

L1 - E : 
After 

MQ L2 - E : 

L 1 - L2 : MQ L2 - L3 : 

Before DC 700 MQ AC 800 
Auxiliary circuit 

After DC 700 MQ AC 800 

4) POWER FREQUENCY WITH ST AND VOLT AGE TEST ----------------- ( Satisfactory I* 

AC 50Hz 1 Min 

Main circuit 
Phase to ground Applied voltage 

Phase to phase Applied voltage 

Applied voltage 

Applied voltage 

AC-Phase to ground 
Auxiliary circuit 

DC-Phase to ground 

5) ELECTRICAL OPERATION TEST AND VERITICATION WIRING ----- ( Satisfactory I * 

• Circuit breaker operation test 

D Inter-lock check 

• Lighting and heater test 

D Three line check (relay) 

HHI A24-150-3 

• Control circuit check 

• Aux. contact check 

D Phase check 

D Polarity check 

MQ 

MQ 

MQ 

MQ 

MQ 

MQ 

L3 - E : MQ 

L3 - L 1 : MQ 

L3 - E : MQ 

L3 - L1 : MQ 

MQ 

MQ 

(V) 

(V) 

1500 (V) 

1500 (V) 

~ - '-
'.: <\ :'·\ 

.. ;t ...... ; ·. ' \ 

. .~c \ :·· : -:,,. > . 
r--~ - - -·----........_, , -.... --, 

{_ ..., · ~.: '· := ,,,/ 
"-.·:.' :: / 

~ · · 

A4 (210mm x 297mm) 
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~HYUNDAI 
HEAVY INDUSTRIES CO~LTD. 

Sheet No. : 4 of 5 

CHECK SHEET OF DIMENSION 

PROJ./SER.NO. 20120871-TKE001 
CUSTOMER AUSTIN ENERGY 

PROJECT ITEM LOCAL CONTROL PANEL 

PANEL DWG NO. TL-2363 INSPECTOR S .Y .AHN 

QUANTITY 1 PANEL INSPECTION DATE 16-Jan-13 

SKETCH : 

il: ~ ·· li ·:---;~-;~~-.;-; -·- - ----
.. ; - -.- iJr l--cc~- ,...~~ 

I p ~ ,~ 

fi ; . ~ (jJ :· 
~ ' l " ' I : 1· : ,,,...- ' ,-- , ,j . 

~ ., I ~ •I; if i 
j .; .·' 

~ 1 
'. .. ' .. : ; ! ; 11i 

t .• :· ; ~ 
I :i '· ;~ i ,, 

i' ~ '.~ " i .. 
ii 1+1 

J . c ''! .; ( 

.i 1 
ti~ 

~ ~ • i I . . : 

~ i :; LJ .. 1 
t , 

~ :: 
~ 

'I ,,, 
i 111 \....._; ____ ..... l JI \ It 

I ~: ~ 
- ... 1 : ; ;< 

d Iii ~ 
I : i' I 

l ! ; , . 
; ~ ' ~ ; '.P ' . ~ 

~! 
'~-' .. ~ -

.. ~ .L ,, ,_, 
.M - I. • : ~l ._ 

I-· D -- --1 8 I 

~-- A - ~ I 

UNIT . mm 

CHECK POINT A B c D E F G H 

SPEC.VALUE 1600 700 1700 1400 1730 - . -
ALLOWANCE ±3 ±3 ±3 ±3 ±3 - - -

MEASU. VALUE 1601 701 1701 1401 1731 - - -

CHECK POINT I J K L M N 0 p 

SPEC. VALUE . - - - . - - -
ALLOWANCE - - - - - - - -.... - . ' 

,.1'~.\ -
MEASU. VALUE - - - - - - - I 

I ~-!1; -"t': -5 
RESULT : GOOD ~ . 

~~I.~~•.'. :I >.;! : 
.· HHI A24-440-0 A4 (210rri ; .:• ~.: .:, 
-1 •••• ..:.. '~: ... ,' 

.... ,~·· . · ~.. \.~ .. / 
·· ... - ..... ,.,..,. 
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~HYUNDAI 
HEAVY INDUSTRIES CO.LTD. 

TEST EQUIPMENT 
Sheet No. : 5 of 5 

NO. TEST EQUIPMENT SPEC. USE 
Calibration date 

(1Year after calibration) 

1 Digital Tester AC/DC 0-1000 V, A, OHM • 97820830 (2012.03.14) 

2 3PH Power Supply Equipment 3PH 440/220 V,DC110/24V, AC 0-12A • 10-6432-001 (2012.03.14) 

3 Megger Tester 500 V1000 MQ • 090903711 (2012.03.14) 

4 Megger Tester 1000 v 2000 MQ 0 

5 High Voltage T /R 25000 / 220V 0 

6 Puncture Tester 0-5 kV 500 VA • HS023 (2012.03.14) 

7 Puncture Tester 0-3 kV 600 mA 0 

8 Vernier Calipers 0-200mm • 379229 (2012.03.14) 

9 Clamp On Hitester 0 - 600V/1000A • 070910094 (2012.03.14) 

10 Handy Calibrator DC 1-30V/100mV/4-20mA • T1 H7017 (2012.03.14) 

.11 Thickness Gauge 0-1000µm • AK0135/ BB0362 (2012.03.14) 

12 Relay Tester 0-300V, 0-50A 0 

13 DC-A Supply QC 0-600A, 1 OV 0 

14 Steel Tape 0-20m • 
15 V-A Meter (DC) 0-1 OOOV / 30A 0 

16 V-A Meter (AC) 0-750V / 30A 0 

17 Spring Balance 0-500g 1qi 0 

18 Photo Recorder 10/200 Cm/MIN/SEC D 

19 Digital Oscilloscope . 8 Bit 200ms/s 150Hz 0 

20 Temp. Recorder o- 300 ·c 0 

21 Decade R-Box 1.1 I& / 100 kQ 0 

22 High Current Gen. 3PH, 0-6000A 0 

24 Motor Gen. Set 25KVA, 440/380V, 50/60HZ 0 ;•· -. -· ~ 

" ~ ,, 
... ~ !' \ 

25 High Current Supply 0-2000A, 0-300V 0 .. r·· · ~. ~ .... ' .' 
·' .... . .. -
••• J .. "'. _.. .• ~- .... ·~ 

HHI A24-481-1 A4( 210mmx297mm) 



HYUNDAI 
HEAVY INDUSTRIES ca, LTD. 

REPORT NO. 
COATING INSPECTION REPORT 

(£:g ~A~ S!.1!.Ai) 

(~:il.~ 18~) 

DATE OF ISSUE 
(~~~A}) 

PROJECT NAME 
(ifA}~) 

AUSTIN ENERGY I DUNLAP SUBSTATION ITEM 
<* ~) 

PROJECT NO. 
( ifA}lfi~) 20120871-TKEOOl UJSI'OMER 

( :il. ill ) 
DWG NO . 

(.£~18~) 

ITEK NO. 
<-¥-*lfi~) 

DATE/TIME 
(a}-~ ~A}/Al~) 

PHOSPHATING FILM 
( ~ 11-~ llJ i:q.) 

'It-2363 

2013.01.17 10: 30 

1-3 µm 

SURFACE CONDITION(£~1t"ftl) 

I Rev.O 

SURFACE PREPARATION 
(Jf.~~e"J) 

APPLICABLE CODE 
(~%-11-~) 

PHOSPHATING FILM TIUCKNESS 
(~1!~ llJ-et~lJJI) 

DOCUMENl' NO. 
(~~}Ai lfi~) 

Q'1Y 
(9 'Zf) 

WEATHER CONDITION DAIB & D.F .T. FOR PAINTING 
7l'*'*Efl ~~ ~ .£~ .!f- JJi 

DAIB 2013 .01.17 ~/'iiT-~£ 4t' / l't: 
(\f?!j-) 

SPECIFICATION & USED 
COATING 

(At OJ: & A}%.£~) 

COATING TIIICKNESS 
GAUGE(.£ 1'!f~~ 71) 

COMMENTS 
(~~l~ ~ ~7lA}'li(}·) 

l'st INT 
Coating EXT 

2'nd INT 

Coating EXT 

Finish INT 
Caoting EXT 

KCC 

LCYr NO. 

KC20509128 

SURFACE PROFILE REPLICA TAPE: 

R.H('li) 
('* tlJ 'i3'£~o] ~} ) 

EX8700- ZR/351t111 

EX8700- ZR/40µm 

NIA 

PX432-1/30µm 

PX4324/35µrn 

UT6780/30µm 

58% 

COATING 
(.£~1t-sll) 

IN: WHITE 

our: ANSI 70 

SPEC: 100,um above MIN . 106ian MAX . 114/illl 

~3il.~ NO. 
2012 .05.19 OM' 179-745 

N/A 

RESULT •ACCEPTED 0 REJECTED 

PRO'N 
DEPT 

Inspected By Checked By 

2013.01.22 2013.01.22 

HHI A24- 914- 4 

Approved By 

2013.01.22 
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1/5 

KS-13.1-21 

2013.01.22 

LOCAL CONTROL PANEL 

AUSTI N ENERGY 

DMP-JAYU-001 

1 SETS 

SSPC-SP8 

2.66.um 

GOOD 

0 "C DEWPOINT _4 ·c 
(o] ~1J,?;-£) 

l'st INT 39. l,um 

Coating EXT 43.9µm 

2'nd INT NIA 
Coating EXT 76. 1,um 

Finish INT 76.2/Jlll 

Coating EXT 110. 4µm 

AVER. 110.4,um 
(~ it) 

MAKER 

OMEGA./ 1-1500µ111/ 102086 

~· .. .. "' ........ , .-· ... 
: \: \ \ 

. . ... ,.) :.. \ 
-

• . ~ • ~ .•, ~ ' ; . I ; . .v . ... .. .... .. . 

A4(21 Omm X297mm) 



ABB Components Division 

*345Z2000AD* 

Test Date: 
Apparatus: 
Bushing Type: 
Style: 
Rating: 
BIL: 
Max L-G Voltage: 
Serial Number: 

Jl 1111 , ... , 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

1/30/2012 
Condenser Bushing ABB Job Number: 9011606 
0 Plus C II ABB Order Number: XAM13182 
345Z2000AD Version: 1 
345 kV 
1175kV 
220kV 

1000040107 

2000 Amps (Bottom Connected) 

Ambient Temperature: 22 °c Humidity: 23% 

1. Power Factor and Capacitance 

*1000040107* 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-2 1 FFT radio noise meter per 
NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements above 
1 OkV and a dissipation factor/capacitance bridge #559 
Before 60 Hz Withstand 

!Measurement llApplied kV llPower Factor (%) llcapacitance (Pfd) 

lcc1) Stud to Tap 1110 11.33 11571 
!CC2) Tap to Flange 1110 11.33 118015 

lstud to Flange 1110 llN/A llN/A 
2. Impulse: All units rated 362kV & 1050kV BIL and above, received 5 full wave impulses, nominal 1.2 x 50 microseconds, pnor to the 60 Hz 

withstand test. 
3. Tap Test: 20 kV 60 Hz one minute applied test, tap to flange: Passed 
4. Dry 60 Hz Withstand and Partlal Discharge: 

5. 

The tests were conducted per IEEE Std. C5 7. 19.00-2004, IEEE Std. C5 7 .19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57 .113-1991, and C63.2-1996 requirements which includes dividers, detectors, power 
sources to 1MV nd d , a oartial ischarge detectors. 

I start !!Finish 

!Test Voltage (kV) llTest Duration (Min) llPC l!PC 

1330 llNA 112 llNA 

1560 111 116 114 

]330 1115 112 112 

INA llNA llNA llNA 

INA llNA llNA llNA 
After 60 Hz Withstand (Nameplate Information}: 

!Measurement llApplied kV llPower Factor (%) llCapacitance (Pfd) 

lcc1) stud to Tap 1110 11.33 11572 

lcc2) Tap to Flange 1110 11.32 llao1a 

lstud to Flange llNA llN/A llN/A 
The pressure and vacuum sealing of this bushing has been venfied by testing in accordance with IEEE C57.1 9.00 • 2004 section 7.4.5. This unit 
was filled at the factory with PCB-free (non-<ietectable) dielectric fluid in accordance with U.S. Federal polychlorinate biphenyl (PCB) regulat ion 40 
CFR 61, dated May 31, 1979. The analysis is verified per ASTM-D4059 with a detection level of less than 1 ppm. Bushings are filled w ith mineral oil 
that is certified passivator free and certified tested corrosive sulferfree. All tests were conducted on bushings that meet or exceed IEEE C57.19.00-
2004. -
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Michael Vernon Date: 1/30/2012 6:52:14 PM 

Remarks: 

*.33* 

Form: CTR-Condenser Bushings/IEEE v1 .0 Form Date: 1/1 /2000 

http://alamo.abbus.com/scripts/CTRReport.asp?INDEX""269094&Language=English... 2013-03-04 
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ABB Components Division 

*345Z2000AD* 

Test Date: 
Apparatus: 
Bushing Type: 

Style: 
Rating: 

BIL: 
Max L·G Voltage: 
Serial Number: 

Jl lllllt ,., .. 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

1/28/2012 

Condenser Bushing ABB Job Number: 9011606 

0 Plus C II ABB Order Number: XAM13182 
345Z2000AD Version: 1 
345 kV 
1175kV 
220kV 
1000040108 

2000 Amps (Bottom Connected) 

Ambient Temperature: 19 °c Humidity: 34% 

1. Power Factor and Capacitance 

Illl 01 XI 1 II 

*1000040108* 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-21FFT radio noise meter per 
NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements above 
1 OkV and a dissipation factor/capacitance bridge #559 
Before 60 Hz Withstand 

!Measurement !!Applied kV llPower Factor (%) llcapacitance (Pfd) 

l(C1) Stud to Tap 1110 11.34 11570 
l(C2) Tap to Flange 1110 11.34 117929 

!stud to Flange 1110 llNtA llNtA 
2. Impulse: All units rated 362kV & 1050kV BIL and above, received 5 full wave impulses, nominal 1.2 x 50 microseconds, prior to the 60 Hz 

withstand test 
3. Tap Test: 20 kV 60 Hz one minute applied.test, tap to flange: Passed 
4. Dry 60 Hz Withstand and Partial Discharge: 

5. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, CS?.113-1991, and C63.2-1996 requirements wh ich includes dividers, detectors, power 

t 1 MV d rt· I d' h d t ct sources o , an oa 1a 1sc artie e e ors. 

I start llFinish 

jTest Voltage (kV) llTest Duration (Min) llPC llPC 

1330 llNA 112 llNA 
ls6o 111 111 3 1110 

1330 1115 112 112 
INA llNA llNA l!NA 

INA llNA llNA llNA 
After 60 Hz Withstand /Nameolate information!: 

!Measurement llApplied kV llPower Factor (%) llcapacitance (Pfd) 

lcc1) Stud to Tap 1110 11.32 11571 

l(C2) Tap to Flange 1110 11.34 117934 

llstud to Flange llNA llNtA llNtA 
.. 

The pressure and vacuum sealing of this bushing has been verified by testing 1n accordance with IEEE C57.19.00 - 2004 section 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable) dielectric fluid in accordance with U.S. Federal polychlorinate bipheny l (PCB) regulation 40 
CFR 61, dated May 31, 1979. The analysis is verified per ASTM·D4059 with a detection level of less than 1 ppm. Bushings are fi lled w ith mineral oil 
that is certified passivator free and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE C57.19.00-
2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Michael Vernon Date: 1/28/2012 12:36:42 PM 

Remarks: 

*.32* 

Form: CTR-Condenser Bushings/IEEE v1 .0 Form Date: 1/1/2000 

*.34* *7934* 

http://alamo.abbus.com/scripts/CTRReport.asp?INDEX =268990&Language= English... 2013-03-04 
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ABB Components Division 

*345Z2000AD* 

Test Date: 
Apparatus: 

Bushing Type: 
Style: 
Rating: 

BIL: 
Max L-G Voltage: 

1/30/2012 

.Ml •••• , .... 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

Condenser Bushing ABB Job Number: 9011606 
0 Plus C II ABB Order Number: XAM13182 
345Z2000AD Version: 1 
345 kV 
1175kV 
220kV 

2000 Amps (Bottom Connected) 

Serial Number: 1000040109 

Ambient Temperature: 22 °c Humidity: 23% 

1. Power Factor and Capacitance 

IEIO IXI 111 

*1000040109* 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01 -2000. An Ailtech NM-21FFT radio. noise meter per 
N EMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements above 
10kV and a dissipation factor/capacitance bridge #559 
Before 60 Hz Withstand 

!Measurement !!Applied kV llPower Factor (%) llcapacitance (Pfd) 

lcc1) Stud to Tap 1110 Jl.34 l!ss1 
!CC2) Tap to Flange 1110 11.33 118054 

lstud to Flange 1110 llN/A llN/A 
2. Impulse: All units rated 362kV & 1050kV BIL and above, received 5full wave impulses, nominal 1.2 x 50 microseconds, pno to the 60 Hz 

withstand test. 
3. Tap Test: 20 kV 60 Hz one minute applied test, tap to flange: Passed 
4. Dry 60 Hz Withstand and Partial Discharge: 

5. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2-1996 requirements which includes dividers, detectors. power 
sources to 1 MV d rt· I d" h d etectors . • an oa 1a 1sc arqe 

[start II Finish I 
!Test Voltage (kV) llTest Duration (Min) [[PC llPC I 
1330 llNA 112 llNA I 
1560 111 1110 lls I 
1330 1115 112 112 I 
!NA llNA Ii NA llNA I 
INA llNA llNA llNA I 
After 60 Hz Withstand (Nameplate information): 

I Measurement llApplied kV llPower Factor (%) l!Capacitance (Pfd) 

l(C1) Stud to Tap 1110 11.33 11582 

lcc2) Tap to Flange 1110 11.32 llsoss 

!stud to Flange llNA llN/A llNtA 
.. 

The pressure and vacuum sealing of this bushing has been verified by testing m accordance with IEEE C57.19.00 - 2004 section 7.4.5. This unit 
was filled at the factory with PCB-free {non-detectable) dielectric fluid in accordance with U.S. Federal polychlori nate biphenyl (PCB) regulation 40 
CFR 61, dated May 31, 1979. The analysis is verified per ASTM-04059 with a detection level of less than 1 ppm. Bushings are fi lled w ith mineral oil 
that is certified passivator free and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE C57.19.00-
2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Michael Vernon Date: 1/30/2012 4:51 :08 PM 

Remarks: 

*.33* 

Form: CTR-Condenser Bushings/IEEE vl .0 Form Date: 1/1/2000 

*.32* *8058* 

http://alamo.abbus.com/scripts/CTRReport.asp?INDEX=269089&Language=English... 2013-03-04 
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ABB Components Division 

*025W2000BE* 

Test Date: 
Apparatus: 
Bushing Type: 
Style: 
Rating: 
BIL: 

Max L-G Voltage: 

12/5/2011 

jl 1111 
,.,1111 

Alamo, Tennessee 
CERTIFIED TEST REPORT 

Status: Passed 

Condenser Bushing ABB Job Number: 901 1573 
0 Plus C ABB Order Number: XAM13165 
025W2000BE Version: 7 
25kV 

150kV 2000 Amps (Bottom Connected) 
16kV 

Serial Number: 1000039897 

Ambient Temperature: 18 °c Humidity: 54% 

1. Power Factor and Capacitance 

Illl OIA:I 111 

*1000039897* 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-21FFT radio noise meter 
per NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements 
above 10kV and a dissipation factor/capacitance bridge #610 
Before 60 Hz Withstand 

!Measurement !!Applied kV llPower Factor (%) !!Capacitance (Pfd) 

l(C1) Stud to Tap 1110 11.25 11550 
l<C2) Tap to Flange 111 llNA llNA 
!stud to Flange llNA. !IN/A !IN/A 

2. Tap Test: 2 kV 60 Hz one minute applied test, tap to flange: Passed 
3. Dry 60 Hz Withstand and Partial Discharge: 

4. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2-1996 requirements which includes dividers, detectors, power 

t 1MV d . J d. h d t sources o , an oart1a 1sc aroe e ectors. 

!start llFinish 

!Test Voltage (kV) llTest Duration (Min) llPC llPC 

124 i!NA 111 llNA 

175 111 111 111 

124 llNA 111 llNA 

INA llNA ljNA llNA 

INA l!NA !INA llNA I 
After 60 Hz Withstand !Nameplate information): 

!Measurement !!Applied kV !!Power Factor(%) !!Capacitance (Pfd) 

l(C1) Stud to Tap 1110 11.25 ll5so 

l<C2) Tap to Flange 111 11.13 11264 

!stud to Flange llNA llN/A llN/A 
The pressure and vacuum sealing ofth1s bushing has been verified by testing 1n accordance with IEEE C57.1 9.00 • 2004 s ction 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable) dielectric fluid in accordance with U.S. Federal polychlorinate biphenyl (PCB) regulation 40 
CFR 61 , dated May 31, 1979. The analysis is verified per ASTM-04059 with a detection level of less than 1 ppm. Bushings are fi lled with mineral 
oil that is certified passivator free and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE 
C57.19.00-2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards . 

Test Specialist: Sonny Brice Date: 12/5/2011 8:22:59 AM 

Remarks: 

*.25* *.13* 

Form: CTR-Condenser Bushings/IEEE v1 .0 Form Date: 1/1 /2000 

http:// alamo. ab bus. com/ scripts/CTRReport.asp ?IND EX =266420&Language= English... 2013-03 :..04 
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ABB Components Division 

•11111 
.l''lllll 

Illl 01 XI 11 1 

*138W4000UU* 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

*1000060199* 

Test Date: 12/17/2012 12:35:07 PM 
Apparatus: Condenser Bushing ABB Job Number: 22056049 
Bushing Type: 0 Plus C ABB Order Number: XAM13975 
Style: 138W4000UU Version: 2 
Rating: 138 kV 
BIL: 650kV 4000 Amps (Bottom Connected) 
Max L-G Voltage: 102kV 
Serial Number: 1000060199 

Ambient Temperature: 18 °c Humidity: 56% 

1. Power Factor and Capacitance 
The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std, C57.19.01-2000. An Ailtech NM-21FFT radio noise meter 
per NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements 
above 1 OkV and a dissipation factor/capacitance bridge #091 
Before 60 Hz Withstand 

I Measurement llApplied kV llPower Factor (%) llcapacitance (Pfd) I 
l(C1) Stud to Tap 1110 ll-30 11424 I 
l<C2) Tap to Flange 1110 11.31 114435 I 
jstud to Flange llNA llNA llNA I 

2. Tap Test: 20 kV 60 Hz one minute applied test, tap to flange: Passed 
3. Dry 60 Hz Withstand and Partial Discharge: 

4. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2-1996 requirements w hich includes div iders, detectors, power 

t 1 MV d rf I d. h d t sources o , an pa 1a 1sc aroe e actors. 

!start llFinish I 
[Test Voltage (kV) llTest Duration (Min) llPC llPC 

1153 llNA 111 llNA 

1325 111 113 113 
1153 llNA 111 llNA 
jNA llNA llNA JINA 

INA llNA llNA llNA 
After 60 Hz Withstand (Nameplate Information): 

I Measurement llApplied kV l!Power Factor (%) llCapacitance (Pfd) 

lcc1) stud to Tap 1110 11.32 11425 

l(C2) Tap to Flange 1110 11.30 114434 

!stud to Flange llNA llNA llNA 
The pressure and vacuum sealing ofth1s bushing has been venf1ed by testing 1n accordance w ith IEEE C57.1 9.00 -2004 section 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable} dielectric fluid in accordance with U.S. Federal polychlorinate biphenyl (PCB) regulation 40 
CFR 61. dated May 31, 1979. The analysis is verified per ASTM-04059 with a detection level o f less than 1 ppm. Bushings are fi lled w ith mineral 
oil that is certified passivatorfree and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE 
C57.19.00-2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Tony Ballard Date: 12117/2012 12:22:28 PM 

Remarks: 

*.32* *.30* *4434* 

Form: CTR-Condenser Bushings/IEEE v1 .0 Form Date: 1 /1/2000 

http://alamo.abbus.com/scripts/CTRReport.asp?INDEX=28692l&Language~English... 2013-03-04 
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ABB Components Division 

•l 1111 
l'Ull• 

ITllOl:X:I l / 1 

*138W4000UU* 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

*1000060200* 

Test Date: 12/18/2012 2:51:14 PM 

Apparatus: Condenser Bushing ABB Job Number: 22056049 
Bushing Type: 0 Plus C ABB Order Number: XAM13975 
Style: 138W4000UU Version: 2 
Rating: 138 kV 
BIL: 650kV 4000 Amps (Bottom Connected) 
Max L-G Voltage: 102kV 

Serial Number: 1000060200 

Ambient Temperature: 18 °c Humidity: 38% 

1. Power Factor and Capacitance 
The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-21FFT radio noise meter 
per NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements 
above 10kV and a dissipation factorfcapacitance bridge #091 
Before 60 Hz Withstand 

!Measurement llApplied kV llPower Factor (%) llcapacitance (Pfd) 

j(C1) Stud to Tap 1110 11.32 11425 

l<C2) Tap to Flange 1110 11.30 114344 

!stud.to Flange Ii NA llNA llNA 
2. Tap Test: 20 kV 60 Hz one minute applied test, lap to flange: Passed 
3. Dry 60 Hz Withstand and Partial Discharge: 

4. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. T he dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454 1973, C57.113~1991, and C63.2-1996 req uirements which includes dividers, dotectors, power 
sources to 1 MV d . I d' ch d , an oart1a 1s arae electors. 

!start llFinish 

jTest Voltage (kV) l!Test Duration (Min) llPC llPC 

1153 llNA 111 llNA 

1325 111 1114 1110 

1153 llNA 111 llNA 

INA llNA llNA llNA 

INA llNA llNA llNA 
After 60 Hz Withstand (Nameplate information): 

I Measurement llApplied kV llPower Factor(%) llcapacitance (Pfd) 

l(C1) Stud to Tap 1110 11.32 11425 

l<C2) Tap to Flange 1110 11.30 114344 

!stud to Flange llNA llNA llNA 
The pressure and vacuum sealing of this bushing has been venfied by testing 1n accordance w ith IEEE C57.19.00- 2004 section 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable) dielectric fluid in accordance with U.S. Federal polychlorinate biphenyl (PCB) regulation 40 
CFR 61, dated May 31, 1979. The analysis is verified per ASTM-D4059 with a detection level of less than 1 ppm. Bushings are fi lled w ith mineral 
oil that is certified passivator free and certified tested corrosive sulfer free. Alt tests were conducted on bushings that meet or exceed IEEE 
C57.19.00-2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable I EC standards. 

Test Specialist: Sonny Brice Date: 12f18/2012 2:50:58 PM 

Remarks: 

*.32* *.30* *4344* 

Form: CTR-Condenser Bushings/IEEE vl.O Form Date: 1/1/2000 

http:// alamo .ab bus .com/ scripts/CTRReport.asp ?IND EX=286949&Language= English... 2013-03-04 
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ABB Components Division 

ll lllt 

'°'' 

Ifll Ol:X:I I /1 

252 

*138W4000UU* 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

*1000060201 * 

.,_ 

Test Date: 12/18/2012 3:14:42 PM 
Apparatus: Condenser Bushing ABB Job Number: 22056049 
Bushing Type: 0 Plus C ABB Order Number: XAM13975 
Style: 138W4000UU Version: 2 
Rating: 138 kV 

BIL: 650kV 4000 Amps (Bottom Connected} 
Max L-G Voltage: 102kV 
Serial Number: 1000060201 

Ambient Temperature: 21 °c Humidity: 38% 

1. Power Factor and Capacitance 
The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-21 FFT radio noise meter 
per NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements 
above 1 OkV and a dissipation factor/capacitance bridge #091 
Before 60 Hz Withstand 

!Measurement llApplied kV llPower Factor (%} llcapacitance (Pfd} 

l(C1) Stud to Tap 1110 11.32 11425 

j(C2) Tap to Flange 1110 11.31 114555 

!stud to Flange llNA .llNA llNA 
2. Tap Test: 20 kV 60 Hz one minute applied test, tap to flange: Passed 
3. Dry 60 H:i: Withstand and Partial Discharge: 

4. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2·1996 requirements which includes div iders, detectors, power 
sources to 1MV d . Id' h d , an part1a 1sc arQe electors. 

!start II Finish 

!Test Voltage (kV) llTest Duration (Min) i!PC lli=>c 

j153 llNA 111 llNA 

1325 111 112 112 

[153 l[NA 111 llNA 

INA llNA llNA llNA 

[NA llNA llNA llNA 
After 60 Hz Withstand (Nameplate information): 

[Measurement llApplied kV llPower Factor (%} llcapacitance (Pfd) 

l(C1) Stud to Tap 1110 11.32 11425 

l(C2) Tap to Flange. 1110 11.31 114555 

lstud to Flange llNA llNA llNA 
.. 

The pressure and vacuum sealmg of this bushing has been venf1ed by testing 1n accordance with IEEE C57.1 9.00 · 2004 s ction 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable) dielectric fluid in accordance with U.S. Federa l polychlorinate biphenyl (PCB) regulation 40 
CFR 61, dated May 31 , 1979. The analysis is verified per ASTM-04059 with a detection level of less than 1 ppm. 8 ushings are filled with mineral 
oil that is certified passivator free and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE 
C57.19.00-2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Tony Ballard Date: 12/18/2012 3:13:48 PM 

Remarks: 

*.32* .31 "*" 

Form: CTR-Condenser Bushings/IEEE v1.0 Form Date: 1 /1 /2000 

http://alamo.abbus.com/scripts/CTRReport.asp?INDEX=286950&Language=English... 2013-03-04 



ABB Components Division 

*034T0600JR* 

Test Date: 
Apparatus: 
Bushing Type: 
Style: 
Rating: 

8/11/2011 

J .. 1111 ,., .... 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

Condenser Bushing ABB Job Number: 
T ABB Order Number: 

034T0600JR Version: 3 
34.5 kV 

1777402 

BIL: 200kV 
22kV 

6000 Amps (Bottom Connected) 
Max L-G Voltage: 
Serial Number: 1000032721 

Ambient Temperature: 25 °c 

1. Power Factor and Capacitance 

IlllOIXI 111 
253 

*1000032721 * 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-21 FFT radio noise meter per 
NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment inc ludes a dielectric test set for measurements above 
1 OkV and a dissipation factor/capacitance bridge #61 O 
Before 60 Hz Withstand 

l::::::IM=e=as=u=re=m=en=t===:llApplied kV !!Power Factor(%) llcapacitance (Pfd) 

/:==i(C=1=) S=t=ud=t=o =Ta=p==:l~l=1 O==~l:=l.2=3====~11757 
ll(C2) Tap to Flange 111 llNA llNA 
!Stud to Flange llNA iiNtA !IN/A 

2. Tap Test: 2 kV 60 Hz one minute applied test, tap to flange: Passed 
3. Dry 60 Hz Withstand and Partial Discharge: 

4. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectr ic and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2-1996 requirements which inc ludes dividers. detectors, power 
sources to 1 MV. and oartial discharoe detectors. 

I start II Finish I 
!Test Voltage (kV) llTest Duration (Min) llPC llPC 
j33 llNA 111 llNA 

lao 111 113 112 

!33 llNA 111 llNA 

INA llNA llNA llNA 

INA llNA llNA llNA 
After 60 Hz Withstand <Nameplate information): 

I Measurement llApplied kV llPower Factor (%) llCapacitance (Pfd) 

l<C1) Stud to Tap 1110 11.24 11757 

l<C2) Tap to Flange 111 11.30 JJ485 

!stud to Flange JINA llNtA JINtA 
The pressure and vacuum sealing of this bushing has been verified by testing 1n accordance with IEEE C57.1 9.00 - 2004 sec ion 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable) dielectric fluid in accordance with U.S. Federal polychlorinate biphenyl (PCB) regulation 40 
CFR 61, dated May 31, 1979. The analysis is verified per ASTM-D4059with a detection level of less than 1 ppm. Bushings are f illed with mineral oil 
~hat is certified passivator free and certified tested corrosive sulfer free. Al I tests were conducted on bushings t hat meet or exceed IEEE C57. 19.00-
2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Joe Barton Date: 8/11 /2011 6:55:46 AM 

Remarks: 
Oil Level: 6.375 

*.24* *757* *.30* 

Form: CTR-Condenser Bushlncs/Type T v1 .o Form Date: 1/1/2000 
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ABB Components Division 

*034T0600JR* 

Test Date: 
Apparatus: 

Bushing Type: 
Style: 
Rating: 

8/11 /2011 

•l 1111 ,. .... 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

Condenser Bushing ABB Job Number: 

T ABB Order Number: 
Version: 3 

1777402 

BIL: 

034T0600JR 
34.5 kV 
200kV 6000 Amps (Bottom Connected) 

Max L-G Voltage: 22kV 
Serial Number: 1000032722 

Ambient Temperature: 25 °c 

1. Power Factor and Capacitance 

ffilOI XI 111 

*1000032722* 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.01-2000. An Ailtech NM-21FFT radio noise meter per 
NEMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielectric test set for measurements above 
10kV and a dissipation factorfcapacitance bridge #610 
Before 60 Hz Withstand 

!Measurement llApplied kV llPower Factor (%) llcapacitance (Pfd} 

l(C1) Stud to Tap 1110 11.24 11110 

l<C2) Tap to Flange 111 llNA llNA 

!stud to Flange llNA llN/A llN/A 
2. Tap Test: 2 kV 60 Hz one minute applied test, tap to flange: Passed 
3. Dry 60 Hz Withstand and Partial Discharge: 

4. 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01-2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2-1996 requirements which includes dividers, detectors, power 
sources to 1 MV. and oartial discharae detectors. 

I start llFinish 

!Test Voltage (kV) llTest Duration (Min) llPC llPC 

133 llNA 111 JINA 
jao 111 113 113 

133 llNA 111 llNA 

INA liNA llNA llNA 

INA llNA llNA llNA 
After 60 Hz Withstand (Nameplate infonnation): 

!Measurement llApplied kV llPower Factor(%) llCapacitance (Pfd) . 

l(C1) Stud to Tap 1110 11.24 11110 
j(C2) Tap to Flange 111 11.28 11489 

!stud to Flange llNA llN/A llNtA 
.. 

The pressure and vacuum sealing of this bushing has been verified by testing 1n accordance with IEEE C57.19.00 - 2004 sec ion 7.4.5. T his unit 
was filled at the factory with PCB-free {non-<letectable) dielectric fluid in accordance with U.S. Federal polychlorinate biphenyl (PCB) regulation 40 
CFR 61, dated May 31, 197g_ The analysis is verified per ASTM-04059 with a detection level of less than 1 ppm. Bushings are filled with mineral oil 
that is certified passivator free and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE C57.19.00-
2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Joe Barton Date: 8/11 /2011 6:23:55 AM 

Remarks: 
Di I Level: 6 3/8" 

*.24* *770* *.28* 

Form: CTR-Condenser Bushings/Type T v1 .o Form Date: 1/1/2000 
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ABB Components Division 

*034T0600JR* 

Test Date: 

Apparatus: 
Bushing Type: 
Style: 
Rating: 

8/11/2011 

•l 111 ,., ... 
Alamo, Tennessee 

CERTIFIED TEST REPORT 
Status: Passed 

Condenser Bushing ABB Job Number: 
T ABB Order Number: 

Version: 3 

1777402 

BIL: 

034T0600JR 
34.5 kV 
200kV 6000 Amps (Bottom Connected) 

Max L-G Voltage: 22kV 
Serial Number: 1000032723 

Ambient Temperature: 25 °c 

1. Power Factor and Capacitance 

*1000032723* 

The power factor/capacitance test is conducted per IEEE Std. C57.19.00-2004 & Std. C57.19.0 1-2000. An Ailtech NM-21FFT rad io noise meter per 
N EMA 107-1987 is used for partial discharge measurements in microvolts. Test equipment includes a dielect ric test set for measurements above 
1 OkV and a dissipation factor/capacitanoe bridge #61 O 
Before 60 Hz Withstand 

!Measurement JIApplied kV !!Power Factor (%) llcapacitance (Pfd) 

j(C1) Stud to Tap 1110 11.24 11765 

11cc2) Tap to Flange 111 jjNA jjNA 

jstud to Flange llNA jjNJA jjNJA 
2. Tap Test: 2 kV 60 Hz one minute applied test, tap to flange: Passed 
3. Dry 60 Hz Withstand and Partial Discharge: 

The tests were conducted per IEEE Std. C57.19.00-2004, IEEE Std. C57.19.01 ·2000 specifications. The dielectric and partial discharge detection 
equipment is designed to meet or exceed IEEE 454-1973, C57.113-1991, and C63.2-1996 requirements which includes div iders, detectors, power 
sources to 1 MV, and partial discharge detectors. 

I start II Finish 

ITest Voltage (kV) IJTest Duration (Min) llPC llPC 

133 llNA 112 llNA 

llao 111 113 113 

1133 llNA 111 llNA 

:!NA llNA llNA llNA 

jjNA llNA llNA jjNA 
After 60 Hz Withstand. !Nameplate information): 

!Measurement llApplied kV !!Power Factor (%) llcapacitance (Pfd) I 
j(C1) Stud to Tap 1110 11.24 11765 I 
l(C2) Tap to Flange 111 11.26 11476 I 
!stud to Flange l!NA ijN/A llN/A I .. 

The pressure and vacuum sealing of this bushing has been venf1ed by testing 1n accordance with IEEE C57.1 9.00 · 2004 section 7.4.5. This unit 
was filled at the factory with PCB-free (non-detectable) dielectric fluid in accordance with U.S. Federal polychlorinate bipheny l (PCB) regulation 40 
CFR 61, dated May 31, 1979. The analysis is verified per ASTM-04059 with a detection level of less than 1 ppm. Bushings are fi lled with mineral oil 
that is certified passivator free and certified tested corrosive sulfer free. All tests were conducted on bushings that meet or exceed IEEE C57.1 9.00· 
2004. 
All dielectric withstand levels for power frequency meet or exceed the routine test levels required by the applicable IEC standards. 

Test Specialist: Joe Barton Date; 8/11/2011 6:41:34 AM 

Remarks: 
Oil Level: 6.375" 

*.24* *.26* 

Form: CTR-Condenser Bushinas/Type T v1.0 Form Date: 1/1/2000 
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~ : ! ' ' r ! .I 

Routine Test Report for MR-Products 

MR order no.: 

MR serial no.: 

Customer order. no./ Date: 
Your sign: 

20125226 
1246895 
WE110TB2M231 / 08.09.2011 
LEE SO YOUNG 

Transformer Manufacturer: HYUNDAI HEAVY INDUSTRIES CO., LTD. 
Electro Electric Systems 

300,0 kV 

4.980,00 v 
881,00 A 

Tests to be carried out on off-circuit tap-changer DEETAP 
3 X DU 11222-300-06 05 OME 

Test 
- Functional test of sub-assemblies 
- Leakage test of the head by means of helium 
- Auxiliary circuits insulation test (2.5 kV/ 1 minute) 
- Functional test of the complete off-circuit tap-changer 

The product was tested according to IEC 60214-1 and to MR's test plans. 

passed 
,/ 

,/ 

,/ 

,/ 

The product has passed the tests successfully and has been released by quality assurance. 
All requirements of IEEE Std C57.131 were fulfilled. 

Test for the qualification of insulating materials 

Test 
component description: 

- contact bar 
- cage ring 

test performed: 
measurement of partial discharge 
measurement of partial discharge 

Routine tests were carried out on all subassemblies. 

Regensburg, 
26.10.2011 

Maschinenfabrik Reinhausen GmbH 
Quality Management 

Mr. Baden berg 

(Computer printout, valid without signature) 

passed 
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Routine Test Report for MR-Products 

MR order no.: 

MR serial no.: 

Customer order. no./ Date: 

Your sign: 

20125226 

1246895 

WE11 OTB2M231 I 08.09.2011 

LEE SO YOUNG 

Transformer Manufacturer: HYUNDAI HEAVY INDUSTRIES CO., LTD. 
Electro Electric Systems 

Tests to be carried out on the hand drive TAPMOTION® DD 

Test 
- Functional test of sub-assemblies 

Regensburg, 
27.10.2011 

Maschinenfabrik Reinhausen GmbH 
Quality Management 

Mr. Badenberg 

(Computer printout, valid without signature) 

passed .,,, 
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RS4016:06 

Serial No: 1337933 

General Description of the Routine Test 
On-Load Tap Changer Type RIVlV-11 

Type: RMV-11-2500-72.5 Wiring Diagram: 3152.160 

Transformer Manufacturer: HYUNDAI - S. KOREA P.O. NO.: WA120TB2MR12 S.O.: 20120820..TR-0119, 
20120871TKE001 

1. On Load T@P Changer 

1.1 Mechanical Test 
The stopping on position was verified during one complete cycle of operation. Additionally a minimum of 
1 o complete cycles of operation in transformer oil were successfully performed. 

1.2 Sequence Test 
After the Mechanical Test under 1.1, a complete cycle of operation was recorded oScillographlcaHy. The 
opening and closing of an contacts was within the admissible tolerance range. 

1.3 ~ressure Test of the OU Compartment 
An Oil Pressure Test at 1 O psi for 1 hour confirmed that the L TC oil compartment was pressure- tight 

2. Vacuum Interrupter and Monitoring System 

2.1 Hipot Test of the Vacuum lnterrupten; 
A Hipot Test of 25KV AC for 1 minute was performed successfully. 

2.2 Functional Check of the i'Wonitcring System . 
A Monitoring Operational Tripping Test was performed to verify the integrity of all components. 

3. Mgtor Drive Unit 

3.1 Electricaf/Mechanlcal Test 
Functional tests covering standard and optional features according to the corresponding wiring diagram 
were successful. A minimum of 10 complete cycles of operation were successfully performed. 

All the operational tests performed with nominal driving torque at 85%, 100%. and 11~.ib 
of rated supply voltage were successful. 

3.2 Voltage Test 
The 1.5 KV AC for 1 minute Voltage Test of the complete electrical wiring system to the housing was 
enti~y satisfactory. 

Elements which are to be tested with lower test voltages (for example Selsyn Transmitter) were not 
included in the test 

RelmaJ..-Maftim;luring Inc;. 
2549Nmtll'if'Avellua 
If~ TN 311343, U.S.A. 

Phorle· +1 731 784 76ll1 
Fm< +1 731 T84 76S2 
www.Re~carn 

Reinhausen Manufacturing f nc. 
Quality Assurance 

1111212012 
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I· 20098S.GIULIANOMIL.OTALY) • VIACOLOMBARA,1 - FRAZ.PEDRIANO 
TELEFONO +39 02 98.~0.44.11 • TELEFAX +39 02 98.20A4.22 
E-Mail: cedaspe@cedaspe.com - Interfile\ Site: http: //www.cedaspe.com 
CAP. SOC € 500.000 l.V. - TVA-P.I. 01065780155 - C.F. 01065780155 
R.EA. Ml 729991 - IMPORT-EXPORT Ml 142410 - REG. IMPR. 13214613344146 TRIB. Ml 

COMPANY WITH QUALITY MANAGEMENT 
SYSTEM CEllTIFIED BY DNV 2 59 

"ISO 9001:2008" 

T E s T c E R T I F I c A T E Ace_ TO EN 10204 2-2 

GAS OPERATED BUCHHOLZ RELAY EN 50216-2 

Model: EE3-ML 1 "BSP 
Cedaspe code: ABEE30ML06 Description: RELE' EE3-ML 1 "BSP(2CX* I M*FVT*A2) 
Serial number: SR 0106 - Manufacturing year: 2012 
Execution for mineral oil - Protection degree: IP 65 
Wiring contact diagram set at delivery: ML 
Performance of contacts: 
A) N/O contacts (SPST) 

- Rated current: 3A a.c. or d.c. 
- Rated voltage 24-250V a. c. ( at 50Hz) or d. c. 
- Breaking capacity: 400VA a.c. or 250W d.c. 

B) Changeover c.ontacts (SPDT) 
- Rated current: 1A a.c. or d.c. 
- Rated voltage 24-250V a.c. ( at 50Hz) or d:c . . 
- Breaking capacity: 200VA a. c. or 120W d.c. 

TEST CARRIED OUT 

1) Oil tightness test 
With transformer o i I . overpressure of 100 kPa for 140 hours at 
room temperature. 

2) Operational tests: 
a) air injecting through the gas cock: alarm 
b) by running off the test liquid: alarm and trip (oil leakage) 
c) by running the test I i quid through the relay: trip (o i I surge) 
d) by means of push button self-returning, at the relay full of 

test liquid. Pressing the button, first the alarm con tact is 
activated and afterwards also the trip contact 'is activated. 

3) Operational valu es 
Alarm: 230 cc (gas collection) 
Trip: 100 cm/sec (oil surge) 
Trip : The trip contact for oi I leakage is actuated after alarm due 

to gas collection and before reaching the lowest po int o f 
the pipe. 

4) Dielectric strength test 
a) With 2000V a.c. (50Hz) for 60" between electrical circu i ts and 

casing. 
b) With 2000V a.c. (50Hz) for 60" between indipendent circuits. 
The dielectric strength tests have been executed w it h re lay 
empty of test liquid. 

NOTE: CABLE ENTRY 1" BSP 

CUSTOMER: 000341 HYUNDAI HEAVY I NDUSTR I ES CO.. LTD . 
CADER N°: PO WE208TB5CE11-REV.1 
ORDER CONFIRMATION N° : 042702 

DATE: 29.05.2012 
TESTER: G.RANDAZZO 
This certificate is electronically issued and approved by Quality 
Manager and does not require signature 



tt.1·r.·r..~.r QuALITROL® 
Qualitol LLC 

1385 Fairport Rd. 
Fairport, NY 14534 USA 

Tel: 1-585-586-1515 

~
~ 

Liguid Level Gage and Flow Gage Test Certificate 
[ Flussige waagerecht ausgerichtete Lehren-und Fluss-Lehren-Test-Bescheinigung] 

{ Jauge de niveau et certificat d'essai de mesure d'ecoulement} 
Certificado de,prueba de/ calibrador llano liquido y de/ calibrador de/ flujo 

260 

Model No.[Modell-Nr.] {No de modele} LLG042-00048299 
No. de modelo 111~111 11 11 1111111111 ~111 111 ~1~ 1111111111 1!1 1 ~~111~1 11111 1111111 

Order No. [Auftrags-Nr.] {No de commande} 50082725 
No. de orden de ventas 

Serial No. [Gerate-Serien-Nr.] {N° de serie} 50082725·5·1 

Line: 5 

1 of 1 

PACKING CHECKLIST 
ACCESSORIES 

No. de serie Dlal 
DAL000-00063835 

Customer [Kunde] {Client} Cliente HYUNDAI HEAVY IND. CO. LTD. G lass 
001-B0-1 5A 

Date Code [Datums-Code] {Code Date} 5/14/2012 
Codigo de fecha 

Bezel 
251-60-1 3A 

Customer Part No. [Kunde Teil-Nr.] {No Piece De 
Client} No. de Pieza Del Cliente 

Pointer 
032-60-18A 

Customer Purchase Order No. [Auftrags-Nr.] {No de commande} WA203TB5QT38 
No. de orden de compra 

Connector ;Q N 000-00187 40: 

Float Rod 

Calibration [Kalibrieung] {Calibrage} Calibracion [ ::::::::::::::::: ::::::: : ~-~?::: : : i 
~ Switch 1 [Schaller 1] {Contact 1} Contacto 1 ' ' 

~ Switch 2 [Schaller 2] {Contact 2} Contacto 2 [ :::?~~:~~~~~~::: ·:::::::~:::::::; 
NA Switch 3 [Schaller 3] {Contact 3} Contacto 3 

Electrical [Elektrisch] {Electrique} Electrical 
~ Switch Wiring [Schalterverdrahtung] {Cablage des Contacts} Alambrado del Contacto 6Q02 

>----+----------------------------~----·--~- · - · 
High Potential Test Passed (60 second to ground} 
Hochspannungs-Prufung (60 sec. gegen Erde) 

~ Test d'isolement (60 secondes a la terre) 
Alta prueba potencial pasajera (60 en segundo lugar a la tierra) 

2000V 

@0.5mA 

Plate 

Flange 
FLA-139-1 

Support 
SUP·068-394Y 

Gear 
042-35-48 

2:1 5 in/ lb 

Vane 

Mechanical [Mechanisch] {Mecanique} Mecanico 
""NiA Leak-Tes.t [Leckage-PrufungJ {Test d'etanchMe} Prueba de Fugas __________________________ _ 

Smooth Pointer Travel [Leichter Lauf des Zeigers] {Deplacement de l'aiguille sans frottement} Desplazamiento de aguja sin friccion 

NA Over Travel Equal [Gleicher Uberhang] {Centrage de l'echelle} Sobredesplazamiento igual · ··-

NA Smooth Gear Movement [Leichter Lauf des Getriebes] {mouvement du pignon sans frottement} Movimiento de engranes sin friccion 

NA Vane Travel Confirmed [Schaufel-Spielraum bestatigt] {Le voyage de palette a confirme} Recorrido de la paleta confirmado 

Completed By (Bearbeitet van] f -----+ -------

{Rempli par} Terminado cerca l_ ____ R_o_n ___ _ 
Calibration by [Kalibrieung von] f ----R~~----; Date [Datum] f-----5i1-4i2o1·2······: 

{Calibrage par} Calibracion : ______________ : {Date} Fecha : .. .. ........ ·· ·- : 

""1--'-....... -.... ...................................... ~~~~~~~....,.1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1 .. 

Compliance Statement 
[Befolgung-Aussage] 
{Rapport de conformite} 
Declaraci6n de la conformidad 

Form 0-569 English [German] {French} Spanish 
Rev. F 1/17/02 

To Whom It May Concern: 

This is to certify that our products were manufactured, inspected , and accepted as 
conforming to your purchase order, and all applicable drawing and specification 
requirements. We further certify that the units have been tested and operate according to 
product performance specifications. 

• • • • • • • 
' ' ,.,,~1of .. o..;.~.. ~ ,}_, ., ~..;:,;;"'.,;,,;;;,· !/ '_ ; 

1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1 .. 
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QuALITROL® 
Q ualitol LLC 

1385 Fairport Rd. 
Fairport, NY 14534 USA 

Tel: 1-585-586-1515 

Liquid Level Gage and Flow Gage Test Certificate 
[ FIOssige waagerecht ausgerichtete Lehren-und Fluss-Lehren-Test-Bescheinigung] 

{ Jauge de niveau et certificat d'essai de mesure d'ecoulement} 
Certificado de prueba de/ calibrador llano liquido y def calibrador de/ f/ujo 

261 

Model No.[Modell-Nr.] {No de modele} LLG032-00048300 
No. de modelo 1 11111~ ~11 111111111 11111111 11111 111111~ 11111111111111111111111 

Order No. [Auftrags-Nr.] {No de commande} · 50101299 
No. de orden de ventas 

Serial No. [Gerate-Serien-Nr.] {N° de serie} 50101299-7-1 

Line: 7 

1 of 1 

PACKING CHECKLIST 
ACCESSORIES 

No. de serie Dial 
DAL000-00050262 

Customer [Kunde] {Client} Cliente HYUNDAI HEAVY IND. CO. LTD. 
·----------- ···-

Glass 
001-60-15A 

Date Code [Datums-Code] {Code Date} 12/6/2012 
Codigo de fecha 

Bezel 
251-60-13A 

Customer Part No. [Kunde Teil-Nr.] {No Piece De 
Client} No. de Pieza Del Cliente 

Pointer 
032-60-18A 

Customer Purchase Order No. [Auftrags-Nr.] {No de commande} WA210TB5QT93 
No. de orden de compra 

Connector ~ON000-00187 40: 
Float Rod 

Calibration [Kalibrieung] {Calibrage} Calibracion 
./ Switch 1 [Schaller 1] {Contact 1} Contacto 1 

./ Switch 2 [Schaller 2] {Contact 2} Contacto 2 

I 

~ 

~~~~~o:-~o~~~a~-: : ::~?: 9:1:: ::: 

l ... ?~?~?_?~?~~ ---··-··-··-··-··-
NA Switch 3 [Schaller 3] {Contact 3} Contacto 3 

Plate 

·Electrical [Elektrisch] {Electrique} Electrical 
Flange 

FLA-139-1 

,/ Switch Wiring [Schalterverdrahtung] {Cablage des Contacts} Alambrado del Contacto i 6002 i 
f--~+-H-ig-h~P-ot_e_n_ti_a_IT_e_s_t_P_a_s_se-d~(6_0_s_e_c_o_n_d_t_o_g_ro_u_n_d_}~~~~~~~~!-~---~-: 

Hochspannungs-Prufung (60 sec. gegen Erde} : 2000 V 
Test d'isolement (60 secondes a la terre) i@ 0.5mA j 

Alta prueba potencial pasajera (60 en segundo lugar a la tierra) , 
1 

'--~-'--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~-' 

Support 
032-60-35N 

Gear 

Vane 

Mechanical [Mechanisch] {Mecanique} Mecanico 
NA Leak Test [Leckage-Prilfung] {Test d'etancheite} Prueba de Fugas 

Smooth Pointer Travel [Leichter Lauf des Zeigers] {Deplacement de l'aiguille sans frottement} Desplazamiento de aguja sin friccion 

Over Travel Equal [Gleicher Uberhang] {Centrage de l'echelle} Sobredesplazamiento igual 

NA Smooth Gear Movement [Leichter Lauf des Getriebes] {mouvement du pignon sans frottement} Movimiento de engranes sin friccion 

NA Vane Travel Confirmed (Schaufel-Spielraum bestatigt] {Le voyage de palette a confirme} Recorrido de la paleta confirmado 

Completed By [Bearbeitet von] f ____ R ________ i Calibration by [Kalibrieung von] ~--- -R--··· · -· : Date [Datum] f-----1·2-/6/2o1_2 ____ _ 
{Rempli par} Terminado cerca ~-------~-~-----: {Calibrage par} Calibracion :-------~~---- : {Date} Fecha ~----------------------- --

Compliance Statement 
[Befolgung-Aussage] 
{Rapport de conformite} 
Declaraci6n de la conformidad 

Form 0-569 English [German] (French} Spanish 
Rev. F 1/17/02 

To Whom It May Concern: 

This is to certify that our products were manufactured, inspected, and accepted as 
conforming to your purchase order, and all applicable drawing and specification 
requirements. We further certify that the units have been tested and operate according to 
product performance specifications. 

• • • • • • • 
t j ! ·I . • ~ • 

\.. -~. \ . ' '-· ~•.• , i {/,', .· :'i / ./ ! " · • • 
t~tof <•f ~afmi <-l11aliiy it'-1mocr • 

......................................................... 



()UALI 
Thermometer 

Test Certificate /Priifzertifikat/ Certificat de Test 1n1~m11 11 ~111111r~j~l~H1111~~1~1~ 
Model No. I ModeJl.Nr, IN" tie mocl61e 1. 04-321-02 50103836-1-1 

Order No. I Auftrags-Nr. I N" de commande 50103836 Line:.1 
PACKING CHECKLIST 

Serial No./ Serlen.Nr. IN" de rirle 50103836-1-1 1 of 1 ACCESSORIES 

Customer I Kunde I Client HYUNDAI HEAVY IND. CO. LTD. 
Temp. Range I Temp. B8reich I Plage de mesure C-iOO 
Customer Purchase Order No. I Kunden-Auftrags-Nr. I N' de WA21 OTB5QT09 
commande cDent 
Gage Calibration Temp. I Ka!ibrierungstemp. I Temp. de calibrage de 
l'lndieateur ('C) 

~ Activity Below Minimum I Unterhalb Minimum I Test hors plage 

~J Minimum Temperature I Minimum Temperatur /Temperature Minimum 

Ci Maximum Temperature I Maximum Temperatur I Temperature MaXimum 

60 

Baeeu1111. 
DAL-100-2 

Dial .DAL-101"6 DAL·101-1 

Plale 1().4-SO..76 PLT-133-1 

Came ct or 
CON-661-13 

Well 

Ad"l'IC< 

Wiring Label 
09A01 

~ Element Leak Test I Element Dk:htheHs PrOfung I Essal D'etanchete O'element . 2x 10 .a 5. DlalKlt 
KIT--009-5 

Dlalibnp 0.120 
Berdch 

0-160 0.180 0-220 0..250 -20~160 -40-120 

..,_ de mesun 

Spec:; +/- 'C +/-2.4 +/-3.2 +/-3.6 +/·4.4 +/·5.0 +/-3.6 +/-3.2 

Switches set per I Schaltpunkte nach/ 
Reglage des seuils des contacts 

Factory Default 

(Swt~ Sealng AcaJraq +f-2% 01111 Rangeun- - - on engl.-ing draW,ng) 
Dial r•dinga record9d Ill ac;IU8tion an lili1'1Q i.Mptrf.tlJralde..ecluaiori on falling 18mperatura. 

(SCllaltPUni<l-~t +/-2% vom BkBl"""'1dweri WlllYI nk:tll andera betld'lli-.) 
El"3Chaltwert bei Temp.-M&lieg, Au~ bel TQf1l>.-RUekg.nQ. 

(Pradli<lll cu Ng!age dH ..ulla +f.. 2% de Ja pi1'(11t de 11198Ura 1auf indiCllliarw canlnlires nol6ea llUt le plan Qualllrol) 
Vale~tl negistrff&: ~t paur um~tM6vatlcn da la ternp4ralurv. · · 
d6cienchoment pc;ur una dlmlulion de Im t.mp9ralura. 

SWltch Set Point Actual Switch ActuatJon I De-actuaUon Point 
Schaltpunkt Elnsehaltwert I Ausschaltwert 

Seull des contaca seuil d'enclenchement I d6clenchement 

SWT1 80 SWT1 80 I 70 
SWT2 90 swr2 90 I 80 
SWT3 120 ·SWT3 120 I 110 
SWT4 SWT4 I --- ·-
SWT5 swrs I 

Tranaformar 

COil 

Bulb Gskt . 

Bulb Langll> (loches) 
15 

Other 

SLV-011-1 

calibration By I Kalibrierung von I Calibrege per 
~- ·---·-·· ··-· ····· --· · ·· --·oc····---··---··· · -· ·--·--·-Calibration Date I Kalibrierung Datum I Date De Calibrag[::::~ :!~~~~::::::: 

~--------------------.---------- --·-------- - ---· · --·-- --·--·-··-·· - -

High Potential Test Passed (60 second to ground) 
Hochspannungs-Prufung (60 sec. gegen Erde) 

Test d'isolement (60 secondes a la terre): 

V@0.5mA 

Potentiometer Output I Ausgang I Sortie potentiometre: 
Range mA Out @ 0°C mA. Out @ 40°C mA Out@ 80°C 

r---· - , ---] I ·-: --

~--4~;1:~. l---- ----~--- - ---· [=--~--=~=~~~-~-~j 
mAOut@ 120°c mAOut@160°C 

I -·-·1 
: i 
~· -------------- -t 
[_··--··-- - - ··-·····-··-· ·~ ·-· ..... ... .. - -. _j 

Completed By I Bearbeitet von I Rempli par , .......... H°l.\i\j""··-·····i Date I Datum I Date r···--"12t21'2cff2---·--· 

Form 0-622 EngUsh I German I French 
Rev. N 414108 

--- -- ------- -- ----- _ .. _ ......... ~· - -- -- -- . - ~ ·-. . -----------. -
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()UALI L 
® 

Thermometer 
Test Certificate I Priifzertifikat/ Certificat de Test 

Model No. / Modell-Nr. I N° de modele 104-321-02 
Order No. I Auftrags-Nr. / N° de commande 50103836 Line: 2 

Serial No. I Serien-Nr. I N° de serie 50103836-2-1 1. of 1 

Customer I Kunde I Client HYUNDAI HEAVY IND. CO. LTD. 

Temp. Range I Temp. Bereich I Plage de mesure 0-160 
Customer Purchase Order No. I Kunden-Auftrags-Nr. / N° de WA210TBSQT09 
commande client 

Gage Calibration Temp. I Kalibrierungstemp. I Temp. de calibrage de 80 l'ind icateur (0 C) 

~ Activity Below Minimum I Unterhalb Minimum I Test hors plage 

D Minimum Temperature I Minimum Temperatur I Temperature Minimum 

D Maximum Temperature I Maximum Temperatur I Temperature Maximum 

~ Element Leak Test I Element Dichtheits Prufung I Essai D'etanchete D'element 2x1 o ·s I· 
Dial Rang< 0-120 0-160 0-180 0-220 0-250 -20-160 

Bereich 
PltLee de mesure 

Spec:+/- 'C +/- 2.4 +/-'3.2 +/-3.6 +/-4.4 +/-5.0 +/- 3.6 

Switches set per I Schaltpu nkte nach/ 
Reglage des seuils des contacts 

Factory Default 

{Switch Setting Accuracy +/-2% Dial Range unless othervvise stated on engineering drawing) 
Dial readings recorded at actuation on rising temperature/de-actuation on falling temperature. 

(Schal~punkl-Genauigkeit +/-2% vom Skalenendwert wenn nicht anders beschrieben) 
Einschaltwert bei Temp.-Anstieg, Aussdialtwert bei Temp.-Ri:d<gang. 

-40-120 

+/-3.2 

(Precision du r!Qlage des seuils +/- 2% de la plage de mesure sauf indications contraires nctees sur le plan Qualitrol) 
Valeurs enregistr~es: enclenchement pour une elevation de la temperature, 
d9de:nchement pour une dimiution de la temp~rature 

Switch Set Point Actual Switch Actuation I De-actuation Point 
Schaltpunkt Einschaltwert I Ausschaltwert 

Seull des contacts seuil d'enclenchement I d6clenchement 

SWT1 80 SWT 1 80 I 71 
SWT2 90 SWT2 90 I 82 
SWT3 120 SWT3 120 I 111 
SWT4 SWT4 I 
SWT5 SWTS I 

I llllll lllll Ill II lllll lllll Ill II lllll lllll llll llllll llll llllll Ill I llll 
50103836-2-1 

PACKING CHECKLIST 
ACCESSORIES 

t>aseu1a1 
DAL-100-2 

Dial 
DAL-101-6 DAL-1 01-1 

Plate 
104-60-76 PL T-133-1 

Connector 
CON-661-13 

Well 

Adaptor 

W iring Label 
09A01 

Dial Kit 
KIT-009-5 

Transf01TT1er 

Coil 

Bulb Gskt 

Bulb Length (Inches) 
15 

Other 

SLV-011-1 

Calibration By I Kalibrierung von I Calibrage par 

Calibration Date I Kalibrierung Datum I Date De Calibrag[::::::~2j~7!~~~:~:::::: i [:::::: ::::::: :::: :: :: -:::::~~::::::::: :::::::::- -------- · · 
High Potential Test Passed (60 second to ground) 

Hochspannungs-Prufung (60 sec. gegen Erde) 
Test d'isolement (60 secondes a la terre): 

V@0.5mA 

Potentiometer Output I Ausgang I Sortie potentiometre: 
Range mA Out@ 0°C mA Out@ 40°C mA Out@ 80°C mA Out@120°C mA Out@ 160°C 

i;~:~ 1·--·· -- 11 -·1 I ----3 1------ -----1 I ---1 
Completed By I Bearbeitet von I Rempli par HLW 

Form 0-622 English I German I French 

Rev. N 4/4/08 
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Pressure Relief Device Test Certificate 
Dru ckentlastu ngse in richtu ng Pri.ifzeu g n is 

Decompression Test de certificat 
Descompressao certificado de teste de dispositivos 
De alivio de presi6n del dispositivo certificado de prueba 

Pressure Relief Device certificato di provaa&•~)~~ii!:;Jif 
YCTpo~cTBa An~ c6poca ,1:1asneH1115t Ceprncp111KaT 

ltiHi'i 1-l~. [Artikelnummer) {Article} /No do tipofltem No. 208-023-01 (ArticulofNum.Tipo) -Articolo N. Tipo.- F ~~ ffHoMep 

Ordw No. [Auftrag-Nr.J {Numero Commande.} Pedido No. 
(Num. de pedido) -Conferma d"orctine N.- iJ •~ //HoMep 3aKasa// 

Date° [Datum] {Code Date} Data (Fecha) 
-Data- B !Ill ///J,aTa// 

50087351 
12/6/2012 

Customer [Kunde] {Client} Cliente (Nombre del cliente} HYUNDAI HEAVY IND. CO. LTD. 
-No~ e del cliente- ff f' //3aKa3<i 111KI 1a1111eHT II 

Qualitol Company LLC 
1385 Fair port Rd 
Fairport , NY 14550 
USA 

Phone: 1-585-586-1 515 
Fax: 1-585-377-0220 

e-mail: info@qualitro lcorp.com 
website: www.qualitrolcorp.com 

Line : 1 

·--------------------------· --- ----
Cu&tooier Purchase Order No. [Kundenauftrag] {Commande Client} W A205TB5QT7 4 

No. Pedido do cliente (Pedido del cliente) 
-Ordine del cliente- ~f'-*J!liii.J -~ //HoMep KOHTpaKra/np111no>KBHH$1 3aKa3'llllKaf/ Pos 

Serial No. [Seriennr.J {NumMo periodique} N° de serie (Num. de serie) 
50087351

_
1

_
1 -Numero di serie- ff;§IJ~ //Cep~i'iHbllii HOMepf/ 

Customer Part No. [Kunden-Teilenummerf {No Piece De Client) Numero da pe9a do cliente 
(Nu mero de parte del cliente) -Numero del pezzo del cliente- .fi:f'~j!f'"} //HoMep ~3Ae.rmA 3aKa34~KBI/ 

: Operates and Seals Unit of Measure Operating Specification Operating Pressure 

Funktionief1 und Dichtung MaBeinheit Betriebsspezifikation Betriebsdl\Jck 
F onctionne et joint Untte de mesure Specifications d'operation Pression de fonctionnement 
Funciona e Seals Unidade de Med ida Especifica9iio da Opera~o pressao de opera9iio 
Funciona y sello Unidad de Medida Especificaci6n del funcionamiento Presi6n de funcionamiento 
Pal5orocnocol5HOCTb ~ ~3011~LI~~ EA~H~4a ~3MepeH~A pa604aA cne4~<tJMKa4~A paoo<iee AaBneH~e KpacKa rnna 
Opera ed i sigilli unite di misu ra Specificazione operative Pressione di funzionamento 
7flfilll!Ht 7f .e JiJJ:ll~ ~t'Fm:l!f 7FS5.h 

~ *PSI 10+/- 1 9.3 PSI 
Pressure Relief Devices are operated Bar 0.69 +/- 0.069 0.64 Bar 
twice to verify pressure and reseal. 

"Reading taken in PSI, then converted kPa 68.9 +/- 6.89 64.1 kPa to other units of measure 

D 
CSM High or equivalent Paint oer EN IS0-12944 for yse jn corrosive marine enyjropmeot !1<J1flEN IS0-1 2944 C5M~lil<l!Ol"l '!ll lllr.iiltittifil>f:~.IJl; 

tur deri E!nsatz in Offshore (karrosiven) Umgebungen CSM Peinture secondaires ou !'equivalent selon la norme EN ISO 12944 .. pour une ut ilisat ion en 
Pintura de elta ou equivalente C5M por EN 150-12944 para uso em ambiente marinho milfi!i\tltlYl"icl5'91111MitJnderia o su equivalents segUn la norma 150-12944 para su uso en ambient 
~M~lf'll Hn~ ee 3KB._,ea.ne~T EN IS0-12944 A.nJ! ._,cn011b30eaH._,ff s Bb1COKO iroppo3~MHbl~ A'lar~W9di alta o equivalente per EN~ISO ~2944 per r·uso in ambienti corrosivi del 

Alarm sw1tc es Qty: 1 
PACKING CHECKLIST 

ACCESSORIES [Wamungsschalter] {Commutateurs d'alarme} lnterruptores de la alarma II nepeKn10'laTen111 ClllrHana 

rpeeo~~ -------------·-------~ Semiphore 

High Potential Test Passed (60 eecond to ground) 
[Hochspannungs-Prutung (60 sec. gegen Erde)] 
{Test d'isolement (60.secondes a la terre)) 

Qty Gasket 

Alta prueba potencial pasajera (60 en segu ndo lugar a la tierra) 
Teer Ha BbiCOKYIO HarpY3KY n pO~ABH (60 ceKYHA K 3e11111e) 
Test de alto potencial aprobado ( 60 segundos a tierra) 
lll&~ El! iiltllit < Bo~mjtk ) 

2000 Vac 

@0.5mA Connector 

CON-604-5 

Thls Is to certify that our products were manufaetuntd as specified on Qualltrol order confinnation and the units operate acc:on:IJng to 
product performance specifications. . ...... _______ .. _________ ----~-_____ -------------·--______________ .... _________ ......... .. . 
Hie.rmit wirtt bescheiniQI, class unsere Produkte hergestellt wurden, wie auf Qualitrol Auftragsbestatigung und die Gerate arbeiten nach dem 
Pro du kthaftungsgesetz Leistungsdaten. 
Ceci est pour certifier que nos produits ont ete manufactures comme indique sur la confinnation de commande Qualitrol et les appareils 
fonctionnent selon les specifications de performance du produit. 
lsto l! para certificar que os produtos foram fabricados conforme especificado no QUALITROL confinnai;:ao do pedido e as unidades funcionam de 
acordo com as especificai;:oes de desempenho do produto. 
Esto es para certificar que nuestros productos han sido fabricados seglln lo especificado en la confirmaci6n de la orden Qualitrol y las unidades 
funcionan de acuerdo a las especificaciones de rendimiento del producto. 
HaCT0$1U1HM YAOCTOBep$1eTC~. 'lTO H3UJlll npOAYKTbl 6blllH 1113rDTOBJleHbl, KaK yKa3aHO Ha no.11Teep>iq1eH llllll 3aKa3a QUALITROL 14 ycTpoiiCTBa 
pa6oTalOT B COOTBeTCTBl4111 co cne4Hcjll4Ka4111ei1 H3Aelll/1$1. 
Si certifica che i nostri prodotti sono stali fabbricati, come specificato in confenna d'ordine Qualitrol e le unita di funzionare secondo le specifiche di 
prestazione del prodotto. 

-- ii£::i97fili¥l~~ntf.l"F ~~jjjja·~-aiiiro1tii'iV.:ti9tf~j:ij;ff'-~tt~~mmiliu~------------------ · --- - ---- --- - - ----- --------- --- --

Richard Kloc Date [Datum] {Date} Data \\JJ,aTa\\ -Data- S IQ! 
VPofGiobal . .· • u •' . 
OperaliMs t : :_ • ·· ' • . . Signature [Unterschrift) {Signature} Assinatura \\no.c1n 111cb\\ -Fi rm a- llf_:g 

English [German] {French} Portuguese (Spanish) //Russian// - Italian- Chinese 
Form 0-642 Rev. N 02 April. 2012 

Qualitrol is a I SO 9001 system cerlified 
company. Information subject to change 

without noti<:e. 
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Pressure Relief Device Test Certificate 
Druckentlastungseinrichtung Prufzeugnis 

Decompression Test de certificat 
Descompressao certificado de teste de dispositivos 
De alivio de presi6n de! dispositivo certificado de prueba 

Pressure Relief Device certificato di provai!!iE.i.tmU~ ~5:j: 
YCTpo~cTea Ailfl c6poca AaeneHlllS'I Ceprnc:Pllli<aT 

ltimi 1:0. [Artikelnummer] {Article} /No do tipo/ltem No. 208-023-01 
(Articulo/Num.Tipo) -Articolo N. Tipo.- F ila-1} //HoMep 

Order No. [Auftrag-Nr.] {Numero Commande.} Pedido No. 50101299 
(Num. de pedido) -Conferma d'ordine N.- lT .. -!} //HoMep aa1<aaa// 

Date [Datum] {Code Date} Data (Fecha) 12/6/2012 
-Data- fl Jill ///J,aTa// 

Customer [Kunde] {Ciient} Cliente (Nombre del cliente) HYUNDAI HEAVY IND. CO. LTD. 
-Nome del cliente- 1!t F //3aKa3'i1>1KI KJll'leHT II 

Qualitol Company LLC 
1385 Fairport Rd 
Fairport, NY 14550 
USA 

Phone: 1-585-586-151 5 
Fax: 1-585-3 77-0220 

e-mail: lnfo@qualit ro lcorp.com 
website: www.qualitro lcorp.com 

Line: 10 

CustomerPurch894t~rNo: [KundenauftragJ {Commande Client} WA21 OTB5QT93 
No. Pedido do cl1ente (Pedido del cliente) 
-Ordine del cliente- ~f'*~iJ!!!-1} //HoMep KOHTpaKTa/np1>1llOJKeH1>1S1 3aKa3'ill1Ka// Pos 10 

Serial No. [Seriennr.] {Numero periodique} N° de serie (Num. de serie) 50101299_1 O-J 
-Numero di serie- J¥9IJ-!5- //Cep111i1Hb1i1 HoMep// 
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~-~~-~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-11 

Customer Part No. [Kunden-Teilenummer] {No Piece De Client} Numero da pe9a do cliente 
(Numero de parte del cliente) -Numero del pezzo del clien1e- fi.F~i't-~ //HoMep M3,11enMR 3aKaJ~MKai/ 

; Operates and Seals ! Unit of Mea&unt Operating Specification Operatlng Pre9$Ul'8 

Funktioniert und Dich1ung Ma~inheit Betriebsspezifikation Betriebsdruck 
Fonctionne et joint Untte de mesure Specifications d'operation Pression de fonctionnemen1 
Funciona a Seals Unidade de Medida Especifica91io da Operay!io pressi!o de operai;ao 
Funciona y sello Unidad de Medida Especificaci6n del funcionamiento PresiOn de funcionam iento 
Pa6orocnocol5HOCTb M ~3on~4M~ EAMHM4a M3MepeHMR pati04aR cne1.1McjlMKa1.1M~ pa604ee AaeneHMe KpacKa rnna 
Opera ed i sigilli unita di misura Specificazione operativo Pressione di funzionamento 
1ffc'flla"it<t 1f.€11V:i~~ l!lfl'JJl.lf :ff@.EE.il 

~ *PSI 10+/- 1 9.4PSI 
Pressure Relief Devices are operated Bar 0.69 +/- 0.069 0.65 Bar 
twice to verify pressure and reseal. 

•Reading taken in PSI, then converted kPa 68.9 +/- 6.89 64.8 kPa 
to other units of measure 
C5M Hiah or equivalent Paint cer EN !S0-12944 for yse jn corrosjve marjne enylronment lti:!!IEN IS0-1 2944 CSMi'ilti!J liil ~lllTJli it;fji!!tlf!l 

D tor den Einsatz in Offshore (korrosiven) Umgebungen CSM Peinture secondaires ou 1'6quivelent selon la norme EN ISO 12944-pour une uti lisation en 
Pintura de alta ou equivalente C5M por EN IS0-12944 para uso em ambients marinho mil~~5l'Qlr~fmdaria o su equivalente segUn la norma IS0-1 2944 para su uso en ambient 
~NREll~ 11111M ee 3KB111ea.ne~T EN IS0-12944 AHR 111cnOJ1b30BaHlr1~ e eblCOKO Koppo3111Ht-tb1i W8~qJ'8fW~di alta o equivalente per E N-ISO 12944 per l'uso·in ambienti corrosivi del 

Alarm sw1tc es Qty: 1 
PACKING CHECKLIST 

[Wamungsschalter] {Commutateurs d'alarme} lnterruptores de la alarma II nepeKiltO'iaTeJll'I Cl'lniana 
rpesor1>1 If 

ACCESSORIES 
Semiphare 

High Potential Test Passed (60 second to ground) 
[Hochspannungs-Prufung (60 sec. gegen Erde}] 
(Test d'isolemen1 (60 secondes a la 1erre}} 
Alta prueba potencial pasajera (60 en segu ndo lugar a la tierra) 
Teer Ha BblCOKYIO Harpy:iKy npO~AeH (60 ceKYHA K 3eMne) 
Test de alto potencial aprobado ( 60 segundos a tierra) 
)IJ3tjgEg~~"\Jt ( 60~~~) 

2000 Vac 

@0.5mA 

Qty Gasket 

Connector 

CON-604-5 

This ls to certify that our products were manufactured as specified on Quatitrol on:ler confirmation and the units operate accordfng to 

pr~~~or~~-C! ·~~·- - ---- .. -----------·--·--·-------·-····· . 
Hiermit wird bescheinigt, dass unsere Produkte hergestellt wurden, wie auf Qualitrol Auftragsbestatigung und die Gerate ar!Jeiten· nach dem 
Produkthaftungsgesetz Leistungsdaten. 
Ceci est pour certifier que nos produits ont ete manufactures comme indique sur la confirmation de commande Qualitrol et les appareils 
fonctionnent selon les specifications de performance du produit. 

lsto e para certificar que os produtos foram fabricados conforme especificado no QUALITROL confirmacao do pedido e as unidades funcionam de 
acordo com as especificac;:oes de desempenho do produto. 

Esto es para certificar que nuestros productos han sido fabricados segun lo especificado en la confirmaci6n de la orden Qualitro l y las unidades 
funcionan de acuerdo a las especificaciones de rendimiento del producto. 

HaCTOSllJ.li.IM YAOCTOaepsieTCSI, 4TO Hawi.1 npOAYKTbl 6b1Jll'I 1'13rDTOBneHbl, KaK yKa3aHO Ha nOATaeplK;lleHl'l ll1 3aKa3a QUALITROL "' ycTpO~CTBa 
paooraKJT a COOTBeTCTBl'll'I co cne4111<j:i111Ka4i.1e~ M3AellMSI. 

Si certifica che i nostri prodotti sono stali fabbricati, come specificato in conferma d'ordine Qualitrol e le unita di funzionare secondo le specifiche di 
pre stazicne del prodotto. 
-3i~1:J-··yi[-ejj~ in~ F ~ ~!ti !tfi Q~aOtrO-lt.i ii-~lf1i! !.j&~-~-tt-jgiln.t§IM" ---- --- -------~----- ~---- - --- · ···--·- --- --- ------------------ - - --- -------

Richard Kfoc Date [Datum] {Date} Data \\QaTa\\ -Data- a JU:I 12/4/2012 
v:;;:,~{,~~:' _;:::._ .::~ /.l. / ,• Signature [Unterschrift] {Signature} Assinatura \\no.Qm1cb\\ -Firma- >i'fi GG/BAH 

English [German] {French} Portuguese (Spanish) //Russian// - Italian- Chinese 
Form 0-642 Rev. N 02 April. 2012 

Qualltrol Is a ISO 9001 system certified 
company. Informat ion subject to change 

without notice. QuALITRO ' 
Oe1intng Rl'h ab iltty 



Pressure Relief Device Test Certificate 
Druckentlastungseinrichtung Prufzeugnis 

Decompression Test de certificat 
Descompressao certificado de teste de dispositivos 
De alivio de presi6n del dispositivo certificado de prueba 

Pressure Relief Device certificato di prova 2l~ltli.~tliitifii 
Yctpoi;tcTBa An51 c6poca ,QaBneHll'l51 Ceprncp111KaT 

Item No. [Ari.111elnummer] {Article} /No do tipo/ltem No. 
(Articulo/Nlim.Tipo) -Articolo N. Tipo.- r~-1'} //HoMep 

Order No. [Auftrag-Nr.] {Numero Commande.} Pedido No. 
(NUm. de pedido) -Conferma d'ordine N.- iT•~ //HoMep JaKaJa// 
Dai. ·-·- [Datum] {Code Date} Data (Fecha) 

-Data- a Jlll 11/J,arall 
----- - -· 

Customer [Kunde] {Client} Cliente (Nombre del cliente) 
-Nome del cliente- ~F /13aKa34MKI KIHleHT II 

208-023-01 

50101299 
12/6/2012 

HYUNDAI HEAVY IND. CO. LTD. 
···-··· - - - - .. -- -~~-------~-------------~--

Qualitol Company LLC 
1385 Fairport Rd 
Fairport, NY 14550 
USA 

Phone: 1-585-586-1 515 
Fax: 1-585-377-0220 

e-mail : info@qualitrolcorp.com 
website: www.qualitrolcorp.com 

Line: 11 

Customer Purchaee Order No. [Kundenauftrag] {Commande Client} 
No. Pedido do chente (Pedido del cliente) WA21 OTB5QT93 
-Ordine del cliente- Wf"*-~tT •-l5- //HoMep KOHrpaKTa/np11110JKeHM~ 3aKa34MKal/ 

Serial No. [Seriennr.] {Numero periodique} N° de sene (Nlim. de serie) 
-Numero di serie- ~~J-l5- //Cep11l1HbUil HOMep// 

Pos 11 

50101299-11-1 ' 
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---------··-------------~-------------------------------

CU9t.omer Part No. [Kunden-Teilenummer] {No Piece De Client} Numero da pe9a do cliente 
(Numero de parte del cliente) ·Numero del oez:zo del cliente- .gf"~-f't-15- //HoMep M3AenMA 3aKa:i4MKBi/ 

Operates and Seals ; Uftlt of MeasUf'e Operating Specification 

Funktioniert und Dichtung 
Fonctionne et joint 
Funciona e Seals 

, Funciona y sello 
'. Pa6oTOcnoco6HocTb M M30nA4MA 
' Opera ed i sigilli 
1f tePIO~i<t 

Pressure Relief Devices are operated 
twice to verify pressure and reseal. 

, "Reading taken in PSI, then converted 
I to other units of me·asure 

Malloeinheit 
Unite de mesure 
Unidade de Medida 

· Unidad de Medida 
EAMHM4B M3MepeHMA 
unita di misura 
1f ,@ff.:bnll'6-

*PSI 
Bar 
kPa 

Betriebsspezifikation 
Specifications d'operation 
Especificai;:ao da Operac;:So 
Especificaci6n del funcionamiento 
pa6o4aA cne4M¢MKa4MA 
Specificazione operativo 
•tFm~ 

10+/- 1 

0.69 +/- 0.069 

68.9 +/- 6.89 

Operating Pressure 

Betriebsdruck 
Pression de tonctionnement 
pressao de operayao 
Presi6n de funcionamiento 
pa604ee ABBJleHMe Kpaaca rnna 
Pressione di funzionamento 
1fli5Bi.:b 

9.4 PSI 

0.65 Bar 

64.8 kPa 
C5M Hjgh gr egyivalent Paint per EN IS0-12944 for use in corrosive marine enyjronment ltill!IEN IS0-12944 C5Mi':'l;ltti lulDJIJ!ll'J!l 'F*M.tlJfi!})'.>flJt n filr den Einsatz in Offshore (~orrosiven) Umgebungen CSM Peinture secondaires au requivalent selon la narme EN ISO 12944-pour une utili sation en 

Pintura de alta ou equivalente CSM per EN IS0-12944 para uso em ambiente marinho milfll~~5Nl~ndarie o su aquivalente segUn la norma IS0-12944 para su uso en ambient 
~I'll~ Hn~ ee 3KBHeaneHT EN 150-12.944 A"R 1o1cnonbJoeeHj/IR e BblCOKo Koppo3~l4Hb1i wa~~di alta o equiva lente per EN-ISO 12944 per l1uso in ambienti corrosivi de~ 

Alarm sw1tc es Qty: 1 
PACKING CHECKLIST 

ACCESSORIES [Warnungsschaller] {Commutateurs d'alarme} lnterruptores de la alarma II nepeK11to'laTe1111 CMrHana 
rpeeorL'I II 

I High-Potential Test Passed (60 second to ground) 
Semiphore 

(Hochspannungs-Prutung (60 sec. gegen Erde)I 
{Test d'isolement (60 secondes a la terre)) 

Qty Gasket 

Alta prueba potencial pasajera (60 en segundo lugar a la tierra) 
TecT Ha BblCr;>t<ylO Harpy.lKY npo~AeH (60 C@KYHA K 3eMne) 

2000 Vac 

@0.5mA Connector 

Test de alto potencial aprobado ( 60 segundos a tierra) 
)l).;!F.!;El!,1'1.Jjit ( 60i!'P~im ) 

CON-604-5 

Thia Is to certify that our products were manufactured n specified on Quatftrol order cOnflnnatlon and the units operate according to 

~c:Juct~-~~~---·------- --· _ _ _ -- · - - ---------------------------- · --- ----~------- --·-
Hiermit wird bescheinigl, dass unsere Produlde hergestellt wurden, wie auf Qualitrol Auftragsbestat igung und die GeFclte arbeiten nach dem 
Produkthaftungsgesetz Leistungsdaten. 
Ceci est pour certifier-qua nos produits ont ete manufactures comme indique sur la confirmation de commande Qualitrol et les appareils 
fon ctionnent selon les specifications de performance du pro du it. 
lsto e para certificar que os produtos foram fabricados conforme especificado no QUALITROL confirma9ao do pedido e as unidades fu ncionam de 
acordo com as especifica9oes de desempenho do produto. 
Esto es para certificar que nuestros productos han sido fabricados segun lo especificado en la confirmaci6n de la orden Qualitrol y las unidades 
funcionan de acuerdo a las especificaciones de rendimiento del producto. 
HaCTOHwl1M YAOCTOBep~eTCH, 'ITO HaWM npOAYKTbl 6bi1111 113roTOB110Hbl, KaK yKa3aHO Ha nOATBep)l(JleHMlll JaKaJa QUALITROL 11 ycrpoliicr ea 
pa6oratoT B COOTBeTCTBl111 co cne1..1L'IQJl1Ka1..111elii 113ABI11'1~. 
Si certifica che i nostri prodotti sono stati fabbricati, come specificato in conferma d'ordine Qualilrol e le unita di funzionare secondo le specifiche di 
prestazione del prodotto. 
-~~~ j UEaiiiim"iriF~-J!~.!l«Qua1itro1!Jlliil$11T·_..iil.)i1"-ifii lt-~W!~ii! ________ ----
Richard Kloc ,, Date [Datum] {Date} Data \\Qara\\ -Data- El M8 
VPofGlobal · . 'J ' 1 
operallons ' ,- .. .:.. " : ' .Signature [Unterschrift] {Signature} Assinatura '.\no,11n11cbl\ -Fi rma- .\!~ 

12/4/2012 
GG/BAH 

English [German] {French} Portuguese (Spanish) //Russian// - Italian- Chinese 
Form 0-642 Rev. N 02 April. 2012 

Qua~itrol is a t30 900 1 system certified 
company. Information subject to change 

wi thout notice. QUALITROL 
DOhrllng R*>hablbt)' 



Pressure Relief Device Test Certificate 
Druckentlastungseinrichtung PrOfzeugnis 

Decompression Test de certificat 
Descompressao certificado de teste de dispositivos 

Qualltol Company LLC 
1385 Fairport Rd 
Fairport, NY 14550 
USA 

Phone: 1-585-586-1515 
Fax: 1-585-377-0220 De alivio de presi6n del dispositivo certificado de prueba 

Pressure Relief Device certificato di prova :i!ll.JE!Jil§)Jl~ ~;fi!i 
YcTpollicTsa .qm1 c6poca .qasneH111s:i CepTL11cp111KaT 

e-mail: info@qualitrolcarp.com 
website: www.qualitrolcorp.com 

Han N<t. [Artikelnummer] {Article} /No do tipo/ltem No. 
(Articulo/Num.Tipo) -Articolo N. Tipo.-Fii/i-l5- //HoMep 208-023-01 

order No. -- [Auftrag-Nr.] {Numero Commande.} Pedido No. 
(Num. de pedido) -Conferma d'ordine N.- ff.tp..J5- //HoMep 3aKa3a// 50104081 Line: 7 

Date [Datum] {Code Date} Data {Fecha) 
-Data- El Jill //{J,ara// 

11/13/2012 

Customer [Kunde] {Client} Cliente {Nombre del cliente) HYUNDAI HEAVY IND. CO. LTD. 
-Nome del cliente- lf!.f' //3aKa3YlllKI KnMeHr II 

CustomerPurcbUeoTdWNO_- [Ku-n-de_n_a-uft-ra_g_] _{C_o_m_m_a_nd-e~C-lie-n-t} _______ i_W_A2 __ 1_0_T_B_S_QT12 
No. Pedido do cliente (Pedido del cliente) 
-Ordine del cliente- ~f' *J!f!ljJ -~ llHoMep KOHTpaKTa/np111noJKeHllll'I 3aKa34"1Kall 

Serial No. [Seriennr.] {Numero periodique} N° de serie (Num. de serie) 
-Numero di serie- ff:91J~ //Cep111MHblM HOMep// 

Customer Part No. [Kunden· Teilenummerl (No Piece De Clien1} Numero da peya do cliente 
(Numero de parte del cliente) -Numero del pezzo del clien1e- ~f'~i'F~ //HoMep 113Aen11A 3aKa3411Ka// 

· Operates and Seal$ l Unit of Measure Operating Specification 

Funktioniert und Dichtung Ma~einheit Betriebsspezifikation 
Fonctionne et joint Uni1e de mesure Specifica1ions d'opera1ion 
Funciona e Seals U nidade de Medida Especifica9ao da Opera980 
Funciona y sello U nidad de Medida Especificacion del funcionamiento 
Pa60Tocnoco6HOcTb 11 113onA411A EA11H114a 11JMepeH11A pa604aA cne411<j>11Ka4MA 
Opera ed i sigilli unita di misura Specificazione operanvo 
7ff<!~!Mt :ff~ffijJ~j<!f •fl'l!!!.1'!! 

.,/ *PSI 10 +/- 1 
Pressure Relief Devices are operated Bar 0.69 +/- 0.069 twice to verify pressure and reseal. 

'Reading taken in PSI, then converted 
1 to other units of measure kPa 68.9 +/- 6.89 

Pos 7 

50104081-7-8 

Operating Pressure 
Betriebsdruck 
Pression de fonctionnement 
pressiio de opera9iio 
Presi6n de tuncionamiento 
pa604ee A8B11eH 11e KpacKa nrna 
Pressione di fu nzionamento 
1f,@ Bi. .1J 

9.5 PSI 

0.65 Bar 

65.5 kPa 
C5M High or .equivalent Paint pee EN IS0-12944 for ys11 jn corrosjy11 marjne enyjronment 11i!m.EN IS0-1 2944 C5Mill!K<!i'IEJ Oj!~ll! 'Tllllil1'lJ!lil+>l' !Jt 

D fUr den Einsatz in Offshore (korrosiven) Umgebungen CSM Peinture secondaires ou 1'9quiv elent selon la norme EN ISO 12944-pour une util isation en 

Pintura de alta ou equivalente C5M por EN IS0-12944 para uso em ambiente marinho mil~~~~~ndaria o su equivalente segUn la norma IS0-12944 para su uso en ambient 
~i•" lf1n~ ee 3Ke..,aeneHT EN IS0-12944 AJIR Mcno11b30BaHM5' B BblCOKO Koppo3lf1MHb.I" R"a~we di alta o equivalente par EN-ISO 12944 per l'uso in ambienti corrosivi del 

Alarm sw1tc es Qty: 1 
[Wamungsschaller] {Commutaleurs d'alarme} lnterruptores de la alarma II nepeKilto4aTeilM ClllrHana 
Tpeaorn II 

PACKING CHECKLIST 
ACCESSORIES 

Semiphore 

High Potential Test Passed (60 second to ground) 
[Hochspannungs-Pr\ifung (60 sec. gegen Erde)] 
{Test d'isolement (60 secondes a la terre)} 

Qty G asket . 

Alta prueba potencial pasajera (60 en segundo lugar a la tierra) 
TecT HB BblCOK}'IO HarpY3KY npO~AeH (60 C9K)'Hi'.I K 3eMne) 

2000 Vac 

@0.5mA Connector 

Test de alto potencial aprobado { 60 segundos a tierra) CON-604-5 
JMJ3t~ E@:(ll':!\lli>t ( 60;t;!>::;.)il!! ) 

Hiermit wird bescheinigt, dass unsere Produkte hergestellt wurden, wie auf Qualitrol Auftragsbestatigung und die Garate arbeiten nach dem 
Prcdukthaftungsgesetz Leistungsdaten. 
Ceci est pour certifier que nos produits ont ete manufactures comme indique sur la confirmation de commande Qualitrol et les appareils 
fonctionnent selon les specifications de performance du produit. 
lsto e para certificar que os produlos foram fabricados conforme especificado no QUALITROL confirmai;:ao do pedido e as unidades funcionam de 
acordo com as especificat;:Oes de desempenho do produto. 
Esto es para certificar que nuestros productos han sido fabricados segun lo especificado en la confirmaci6n de la orden Qualitrol y las unidades 
funcionan de acuerdo a las especificaciones de rendimiento del producto. 
HacrOSIUi"1M YAOCT090pl'leTCl1, YTO Haw111 npOAYKTbl OblllH 113rOT0BlleHbl, KaK yKa3aHO Ha nOATBBp~eHlllH 3aKa3a QUALITROL 11 ycrpoMCTBa 
pa6oratoT B COOTB0TCTBHH co cne4111qJHKa4111eM 1113,!IBJlHSI. 

Si certifJCa che i nostri prodotti sono stati fabbricati, come specificato in conferma d'ordine Qualitrol e le unita di funzionare secondo le specifiche di 

pr_e~!~z~ni:_~f'..1 .. i:>~~~~t~ -· . ------·---·· ... ____ -----------·-
iX~'17 i.iEPJHifJfl9r Im ~~Jtt!Qualitrolft!liJ,.1'1'HT J;.J:.1.&1"~1i~JJi!tM~~ 

Richard Kloc " . : .· Date [Datum] {Date} Data \\AaTa\\ -Data-El Jen 
VP of Glob&: /..! • 
Operat'ons ..,._ · ( • Signature [Unterschrift] {Signature} Assinatura \\not1nL>tcb\\ -Firma- if-'8 

11 /9/2012 
MK/BH 

English [German] {French} Portuguese {Spanish) /fRussianll - Italian- Chinese 
Form 0-642 Rev. N 02 April. 2012 

Qualitrol Is a ISO 9001 system certified 
company. Information subject to change 

without notice. QuALITRO 
Oefin1n9 RN111bil•t' 
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Pressure Relief Device Test Certificate 
D ruckentlastu ngsein richtung Prufzeug n is 

Decompression Test de certificat 
Descompressao certificado de teste de dispositivos 
De alivio de presi6n del dispositivo certificado de prueba 

Pressure Relief Device certificato di prova5.!.!IHUU~~m• 
YCTpoiilcTsa AllR c6poca AaeneHMSI Ceprncf>MKaT 

lt.rrl No. . [Artikelnummer] {Article} /No do tipo/ltem No. 208-023-01 
(Artfculo/Num.Tipo) -Articolo N. Tipo.- Fifi,~ //HoMep 

OrderN°C>~··· (Auftrag-Nr.] {Numero Commande.} Pedido No. 50104081 
(Num. de pedido) -Conferma d'ordine N.- lJ .l\l-l5- l/HoMep JaKaJa// 

Date [Datum] {Code Date} Data (Fecha) 11/13/2012 
-Data- 8 ll1l ll[J.a1all 

Customer [Kunde] {Client} Cliente (Nombre del cliente) HYUNDAI HEAVY IND. CO. LTD. 

Qualitol Company LLC 

1385 Fairport Rd 
Fairport, NY 14550 
USA 
Phone: 1-585-586-1515 
Fax: 1-585-377-0220 

e-mail : info@quaHtrolcorp.com 
website: www.qualltrok:orp.com 

Line: 7 

. ~Nome del cliente- :tiF //3aKa_3_Y_M_Ki_K11_111~eH_T_l_l _ ____ ~-----
C~erPureh888-onter No. [Kundenauftrag] {Commande Client} WA21OTB5QT12 

No. Pedldo do cllente (Pedido del cliente) 
-Ordine del cliente- '&F *-J!qiJ .l\l ~ //HoMep KOHtpaKra/npMllOJKBHMR 3aKa3YMKa// Pas 7 

Serial No. [Seriennr.] {Numero periodique} N° de serie (Num. de serie) 50104081 _7_10 -Numero di serie- )¥§f-i} //Cep111iiiHbllil HOMep// 

Customer Part No. [Kunden-Teilenummer) {No Piece De Client} Numero da ~ do cliente 
(Nlimero de parte del clien1e) -Numero del pezzo del cliente- ffFWi'I'~ //Houep KJAem1~ 3aKa:NMKa// i 

Operate$ and Seals Unit of Meuure Operating Specification 

Funktloniert und Dichtung 
Fonctlonne et joint 
Funcfona a Seals 
Funclona y sello 
Pa6orocnocol5HocTb H K3011~4i.1~ 
Opera ed I slgilli 
7fJeUll!l!i<t 

Pressure Relief Devices are operated 
twice to verify pressure and reseal. 

"Reading taken in PSI, then converted 
to other units of measure · 

Mal>einheit 
Unije de mesure 
Unidade de Medida 
Unidad de Medida 
EAMHH4a H3MlepeHHR 
unita di misura 
1f Jilffi)Jnil-1§ 

*PSI 
Bar 
kPa 

Betrlebsspezifikation 
Specifications d'operation 
Especifica~o da Operas;ao 
Especificaci6n del funcionamiento 
pal5o4all cneui.1¢1i.1tcaL.111~ 
Specificazione operative 
li~i!!.ll 

10+/-1 

0.69 +/- 0.069 

68.9 +!- 6.89 

Operating Pressure 

Betriebsdruck 
Pression de fonctlonnement 
press!io de opera~o 
Presi6n de funcionamiento 
pa604ee A&BneHi.ie KpaCKa rnna 
Pressione di funzionamento 
:fff.l.Eltil 

9.1 PSI 

0.63 Bar 

62.7 kPa 

n C5M Hjgh or equivalent pajnt oer EN IS0-12944 tar yse jn co(!()slve marine environment ttili~"l'i:t 
tor den Einsalz in Offshore (korrosiven) Umgebungen CSM Peinture ~ndaires OU requivalent salon la norme EN l SO 129'14-polX une utilisation en 

Pintura de alta ou oquivalente CSM por EN IS0-12944 para use em amblente matinho mili>ll\~~aria o su equivalente segUn la norma IS0-12944 pani su uso en ambient 

~Ml' """ea • • ••B&neHT EN IS0.1294411"" MCl1011b30B8H•~ a OblCOK01COPP03Mi!...t ~~di alta o equivalente per EN-ISO 12944 per ruso In amblenti corrosivi del 

Al es Qty: 1 
PACKING CHECKLIST 

ACCESSORJES [Wamungsschalter] {Commutateurs d'alanne} lnterruptores de la alarma II nepe1<mo<faTe11.., c111rna11a 

rpeaom II -------- -·· Semiphore 

High Potential Test Passed (60 secorid to ground) 
[Hochspannungs-PnJfung (60 sec. gegen Erde)J 
{Test d'lsolement (60 secondes a la terre)} 2000 Vac 

@0.5mA 

Qty Gasket 

Alta prueba potencial pasajera (60 en segundo lugar a la tierra) 
TecT HS BblCOi<ylO H8rPY3KY npo~AeH (60 CeK}'HA K 3eMne) 
Tesl de alto potencial aprobado ( 60 segundos a tierra) 
ilJ;.l;ii!l!.jg:~\Jt ( 60~~11!!) 

Connector 

CON-604-5 

This Is to certify that our products were manufactured as specified on Qualltrol order confirmation and the unfts operate according t.o 
. product ~ormarn:e ~~~~~~--- · ---·---·-· ·-···--···· ··-------·-····· __ .. .... ··-_ ······--···· .. 

Hiermit wird beschelnigt, dass unsere Produkte hergestellt wurden, wie auf Qualitrol Auftragsbestatigung und die Gerate arbelten nach dem 
Produkthaftungsgesetz Leistungsdaten. 
Ceci est pour certifier que nos produits ont ete manufactures comme indique sur la confinnation de commande Qualitrol et les appareils 
fonctionnent selon les specifications de performance du produit. 
lsto e para certiftear que os produtos foram fabricados conforme especificado no QUALITROL confinna~ do pedido e as unidades funcionam de 
acordo com as especificac;:aes de desempenho do produto. 
Esto es para certificar que nuestros productos han side fabricados segun lo especificado en la confirmaci6n de la orden Qualitrol y las unidades 
funclonan de acuerdo a las especificaciones de rendimiento del producto. 

HaCTOR~lllM YAOCTOsepReTCR, <!TO HaWM npOAYUbl 6bllllll 1113rOTOBlleHbl, KaK yKa38HO Ha OOATBep)l(J\eHl/llol 3aKa3a QUALITROL Ill yctpolifcTBa 
pa6oTalOT B COOTBetCTBM.., co cne4..,QlMKa4111eiii 1113Ael1..,R. . 

Si certifica che i nostri prodotti sono stati fabbricati, come specificato In confenna d'ordine Qualitrol e le unita di funzionare secondo le specifiche di 
prestazione del prodotto. 

-.iij;-j;j i \ii.B,ijfim ~-r=-i11~iirlia~-a1i1ro1ll! iA ~ n .~f P .. C~f#~-11"i'1Ht;$ifi" ___ ---------- - · ·- ··--· -·-· · 
Richard Kfoc · ·•. • ,

1 
l... Date [Datum] {Date} Data \\JJ,aTa\\ -Data-El~ 

VP of Global ~ ' 
Ope rations • ... • • Signature [Unterschrift] {Signature} Assinatura \\noAOlllCb\\ -Firma- 11-ti 

English [German] {French} Portuguese (Spanish) //Russian// - Italian- Chinese 
Form 0-642 Rev. N 02 April. 2012 

Qualitrol is a ISO 9001 system certified 
company. Information subject to change 

without no~ce. 

11/9/2012 
MK/BH 
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900/910 Series Rapid Pressure Rise Relay 

Qualitrol LLC 
1385 Fairport Rd. 

Fairport, NY 14534 USA 
Tel: 1-585-586-1515 

[ 900/910 Reihen-schnelle Druck-Aufstiegs-Relais-Test-Bescheinigung] 
{ Certificat D'essai Rapide de Relais D'elevation de Pression de 900/910 Serie} 

Certificado de Prueba Rapido def Relais de la Subida de la Presi6n de 9001910 Serie 

269 

Model No.[Modell-Nr.] {No de modele} 900-003-02 
No. de modelo 11111111 ~11 ~11 llli ~~II~ ~1111~~ ~ll ~lltlll~ l 111 i~l11111 

Order No. [Auftrags-Nr.] .{No de commande} 50072999 
No. de or:len de ventas 

Serial No. [Gerate-Serien-Nr.] {N° de serie} 50072999-11-1 

Line: 11 

1 of 3 

PACKING CHECKLIST 
ACCESSORIES 

No. de serie Tag 

Customer [Kunde] {Client} Cliente HYUNDAI HEAVY IND. CO. LTD. Vent 

Date Code [Datums-Code] {Code Date} 5/10/2012 
Codigo de fecha 

Connector Cap 

Customer Part No. [Kunde Teil-Nr.] {No Piece De I Position 1 
Client) No. de Pieza Del Cliente 

instructions 

Customer Purchase Order No. [Auftrags-Nr.] {No de commande) I WA111TB5QT62 
No . de orden de compra 

Connector 

Operational Verification [Uberpriifungsrichtlinie] {Essais effectues:} Verificaclon de la Operaci6n 
(Product Performance Specification·PPS-9) 

Test Sequence Starting Pressure Pressure Rise Rate Accept Limits Time 
(PSIG) (seconds) 

[Testsequenz] [Anfangsdruck] [Druck-Aufstiegs-Rate] [Nehmen Sie Begrenzungen an] [ Zeit (Sekunden)] 

{Sequence de test} {Pression initiale} {Taux d'elevation de pression} {Acceptez les limites} { Temps (secondes)} 

Secuencia de prueba · Presi6n inicial Talifa de la subida de la presi6n Acepte los limites Tlempo (segundos) 

Senes 900 910 900 910 900 910 
1 0 5 0.40 - 0.54 0.410 

---- 2 . - · 5 5 0.38 - 0.56 0.390 · - -

---· 3 10 5 0.38 - 0.56 .. 0.430 - - - - -- --
4 0 5 0.38 - 0.56 0.450 
5 0 0.725 <15 3.940 
6 --- 0 0.22 >30 -- 30.010 -.. 
7 na na na 
8 na na na 

Note: Aliow a 45 second delay after each test sequence and at least 1. 5 minutes after sequence 3 and 7. 
[Bemerkung]: Nach jeder Testsequenz ist eine Pause von 45 Sekunden und nacn Sequenz 3 und 7 eine Pause van mindestens 1.5 Mlnuten erforderllch. 
{Note}: le delai apres chaque sequence est de 45 secondes sauf aprl!s la sequence 3 et 7: au moins 1 ,5 minute. 
Nola: Pemiita un retardo de 45 segundos despues de cada secuencla de prueba y por lo menos de 1,5 minutos despues de la secuencla. 

Completed By [Bearbeitet van] r-·---DN ______ i Calibration by [Kalibrieung van] :·----GL __ ___ i Date [Datum] f ·· ---5i1-o/201·2··----i 
{Rempli par} Terminado cerca [ _______________ : {Calibrage par} Calibracion [ ______________ : {Date} Fecha [ ___________________ __ ____ ! 

....... ~~~~~~~~~~~~~~.......,..1•1•1•1•1•1•1•1•1•1•1•1•1•••••1•1•1•1•1•1•1•1•1•1•1•1•1 .. 
To Whom It May Concern : · 

Compliance Statement 
[Befolgung-Aussage] 
{Rapport de conformite} 
Declaraci6n de la conformidad 

This is to certify that our products were manufactured, inspected, and accepted as 
conforming to your purchase order, and all applicable drawing and specification 
requirements. We further certify that the units have been tested and operate according to 
product performance specifications. 

j 

• • • • • • • .A 
( . ·1_ · .- l . . . . , '. ····:· i f /,.'. I ( ' ·· ' ! 

f~tO! n{ tlp01-ar•r.1 • : . . nuallty r!..ma11t1r - ! 
---~~~~~~~~~~~~~~-...1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1-' 

Form 0-777 English [German] {French} Spanish 
Rev. C 11/14/2008 



QuALITROL® 
900/910 Series Rapid Pressure Rise Relay 

Qualitrol LLC 
1385 Fairport Rd. 

Fairport, NY 14534 USA 
Tel: 1-585-586-1515 

[ 900/910 Reihen-schnelle Druck-Aufstiegs-Relais-Test-Bescheinigung] 
{ Certificat D'essai Rapide de Relais D'elevation de Pression de 900/91 O Serie} 

Certificado de Prueba Rapido de/ Relais de la Subida de la Presi6n de 9001910 Serie 

270 

Model No.[Modell-Nr.] {No de modele} 900-003-02 
No. de modelo I l lllll llll lllll lllll lllll llllll~~ 111 1 1111111111~ 1111 11~11 l!l ~II 

Order No. [Auftrags-Nr.] {No de commande} 50085795 
No. de orden de ventas 

Serial No. [Gerate-Serien-Nr.] {N° de serie} 50085795-9-3 

Line: 9 

3 of 4 

PACKING CHECKLIST 
ACCESSORIES 

No. deserie Tag 

Customer [Kunde] {Client} Cliente HYUNDAI HEAVY IND. CO. LTD. Vent 

Date Code [Datums-Code] {Code Date} 7/9/2012 
Codigo de fecha 

Connector Cap 

Customer Part No. [Kunde Teil-Nr.] {No Piece De I Position 
Client} No. de Pieza Del Cliente 

instructions 

Customer Purchase Order No. [Auftrags-Nr.] {No de commande} I W A204TB5QT58 No. de orden de compra 

Connector 

Operational Verification [Uberprufungsrichtlinie] {Essais effectues:} Verificacion de la Operaci6n 
(Product Performance Specification PPS-9) 

Test Seqi.tence Starting Pressure Pressure Rise Rate Accept limits nme 
(PSIG) ("conds) 

[Testsequenz] [Anfangsdruck] [Druck-Aufstiegs-Rate] [Nehmen Sie Begrenzungen an] [ Zeit (Sekunden) ] 

{Sequence de test} {Pression initiale} {Taux d'elevation depression} (Acceptez les limit es) { Temps (secondes)} 

Secuencia de prueba Presi6n inicial Tarifa de la subida de la presi6n Acepte los limites Tiempo (segundos) 

Senes 900 910 900 910 900 910 
1 0 5 0.40- 0.54 0.470 
2 5 5 

1-------------· - - 0.38- 0.56 0.480 
~ ----

3 10 5 0.38-·0.56 0.560 ·-- ···- ··-- . - . -·-
4 0 5 0.38- 0.56 0.480 
5 0 0.725 <15 4.040 
6 0 0.22 >30 .. - 30.010 ·· ·-· - - - - · 
7 na na na 
8 na na na 

Note: Allow a 45 second delay after each test sequence and at least 1.5 minutes after sequence 3 and 7. 
[Bemerkung]: Nach jed!lr Testsequenz ist eine Pause von 45 Sekunden und nach Sequenz 3 und 7 eine Pause von mindestens 1.5 Minuten erforderlich. 
{Nate): le delai apres chaque sequence est de 45 secondes sauf apres la sequence 3 et 7: au moins 1,5 minute. 
Nola: Permtta un retardo de 45 segundos despues de cada secuencia de prueba y por lo menos de 1 ,5 minutes despues de la secuencia. 

Completed By [Bearbeitet van] r·--·-e:;-~i----- : Calibration by [Kalibrieung von] :-----GL _____ i Date [Datum] r·-----7i9/2o1_2 ___ _ 
{Rempli par} Terminado cerca l _______________ : {Calibrage par} Calibracion l ______________ : {Date} Fecha l ____________ ----- --- --· 

..,_._ ...... __,_.._._.__._.__._.._._.._._._.._.._._.,._._.._._..._._..._._..._._.._._.1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1 .. 

Compliance Statement 
[Befolgung-Aussage] 
{Rapport de conformite} 
Declaraci6n de la conformidad 

Form 0-777 English [German] {French} Spanish 
Rev. C 11114/2008 

To Whom It May Concern: • 

This is to certify that our products were manufactured, inspected, and accepted .as 
conforming to your purchase order, and all applicable drawing and specification 
requirements. We further certify that the units have been tested and o"perate according to 
product performance specifications. 

• • • • 



QuALITROL® 
900/910 Series Rapid Pressure Rise Relay 

Oualitrol LLC 
1385 Fairport Rd. 

Fairport, NY 14534 USA 
Tel: 1-585-586-1515 

[ 900/910 Reihen-schnelle Druck-Aufstiegs-Relais-Test-Bescheinigung] 
{ Certificat D'.essai Rapide de Relais D'elevation de Pression de 900/91 O Serie} 

Certificado de Prueba Rapido de/ Re/ais de la Subida de la Presi6n de 9001910 Serie 

Model No.[Modell-Nr.] {No de modele} 900-003-02 
No. de modelo 1 111 1 111 11~ llll llll l~ll llll 1~11111111 11111~11 ~111111111 ~II 

Order No. [Auftrags-Nr.] {No de commande} 
No. de orden de ventas 

50101299 

Serial No. [Gerate-Serien-Nr.] {N° de serie} 50101299-1-1 

Line: 1 

1 of 1 

PACKING CHECKLIST 
ACCESSORIES 

No. de serie Tag 

Customer [Kunde] {Client} Cliente HYUNDAI HEAVY IND. CO. LTD. Vent 

Date Code [Datums-Code] {Code Date} 12/6/2012 
Codigo de fecha 

Connector Cap 

Customer Part No. [Kunde Teil-Nr.] {No Piece De I Position 
Client} No. de Pieza Del Cliente 

instructions 

Customer Purchase Order No. [Auftrags-Nr.] {No de commande} I WA210TB5QT93 No. de orden de compra 

CQnnector 

Operational Verification [Oberpriifungsrichtlinie] {Essais effectues:} Verificacion de la Operaci6n 
(Product Performance Specification PPS-9) 

Test Sequence Starting Pressure Pressure Rise Rate Accept Limits Time 
(PSIG) (second$) 

[T estsequenz] [Anfangsdruck] [Druck-Aufstiegs-Rate] [Nehmen Sie Begrenzungen an] [ Zeit (Sekunden)] 

{Sequence de test} {Pression initiale} {Taux d'elevation de pression} {Acceptez les limites} {Temps (secondes)} 

Secuencia de prueba Presi6n inicial Tarifa de la subida de la presi6n Acepte las If mites Tiempo (segundos) 

Senes 900 910 900 910 900 910 
1 0 5 0.40 - 0.54 0.470 
2 5 5 0.38- 0.56 

- -- 0.400 -·· - . ·-· 

3 10 ------ 5 0.38- 0.56 - - 0.460 
4 0 5 0.38- 0.56 0.540 
5 0 0.725 <15 4.980 
6 0 --·-- 0.22 --- --- -- ·-----~~- . •·- - - -- >30 30.010 -· 

7 na na na 
8 na na na 

Note: Allow a 45 second delay after each test sequence and at least 1.5 minutes after sequence 3 and 7. 
[Bemerkung]: Nach jeder Testsequenz ist eine Pause von 45 Sekunden und nach Sequenz 3 und 7 eine Pause von mindestens 1.5 Minuten erforder1ich. 
{Note): le delai apres chaque sequence est de 45 secondes sauf apres la sequence 3 et 7: au mains 1,5 minute. 
Nata: Permtta un retardo de 45 segundos despues de Cada secuencia de prueba y por lo menos de 1 ,5 minutes despues de ta secuencia. 

Completed By [Bearbeitet von] r· ··--NR ___ _ 
{Rempli par} Terminado cerca l ___ ___ __ _____ _ 

Calibration by [Kalibrieung von] f -----GL _____ ! Date [Datum] r--···1·2·i6i2o1"2"-""""! 
{Calibrage par} Calibracion : _______________ : {Date} Fecha l __ __ _____ __ __ ____________ : 

""1-L-.....-......-...-....-.....-.....-.....-.....-..~~~~~~'""""1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1 .. 

Compliance Statement 
[Befolgung-Aussage] 
{Rapport de conformite} 
Declaraci6n de la conformidad 

To Whom It May Concern: • 

This is to certify that our produets were manufactured, inspected, and accepted as 
conforming to your purchase order, and all applicable drawing a nd specification 
requirements. We further certify that the units have been tested and operate according to 
product performance specifications. 

• • • • • • • /72?.h_u~_fi___" :.·.=-
<----· WGlobal Operations QualityMdnager ! 

-...~~~~~~~~~~~~~~ ........ 1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1•1-' 
Form 0-777 English [German] {French} Spanish 
Rev. C 11/14/2008 
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EXHIBIT B



 

EXHIBIT C 
 

Solicitation: RFP 1100 DTB1012REBID 

Vendor Bid Acknowledgement 
BIDDER INFORMATION 

Company name:   

Email Address:  

Printed Name:   

Signature of Authorized 
Representative: 

 

  

 

BIDDER ACKNOWLEDGEMENT: PLEASE CHECK ALL THAT APPLY 

 Full acceptance of City of Austin Terms & Conditions in 
Accordance with the 0100, 0200, 0300, and 0400 in Solicitation 
documents. 

 

 Full compliance with Austin Energy Specification.  

 5-year warranty  

 Unit delivery between July 1, 2021 and August 31, 2021  

 Delivery, installation and testing in accordance with Solicitation 
documents. 

 

 Evidence of compliance of at least 5 years of experience in the 
production of 345Υ/138Υ-13.2Δ kV, 672 MVA auto transformers 
for the United States electric utility market. 

 

 Evidence of compliance that the unit offered under this 
specification has been in commercial service in an electric utility 
in the United States for a minimum of five (5) years in the 
configuration being offered 

 

 The unit price listed on this Bid Sheet is the total price for one 
(1) complete transformer in accordance with ALL requirements 
of the Solicitation 

 

   

   

 




