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Reasons for Testing UJQUI't@th

Assessment
of quality and
reliability

Compliance
with user
specifications

Compliance
with
applicable
Industry
standards

Verification of
design
calculations

September 18, 2024 2
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IEEE C57.12.00-2021 Table 17 waukesha

Routine Tests

* Routine tests shall be made on every transformer to verify that the product meets
the design specifications

Design Tests

» Design tests shall be made to determine the adequacy of the design of a
particular type, style, or model of transformer or its component parts.

» Test data from previous similar designs may be used for current designs, where
appropriate.

* Once made, the tests need not be repeated unless the design is changed to
modify performance.

Other Tests

» Other tests are identified in product specifications and may be specified by the
purchaser in addition to routine tests

September 18, 2024 3
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Class | and Class Il Transformers

IEEE C57.12.00-2021 Sec 5.10

Nominal System Top Nameplate
Voltage (kV) Rating (KVA)
Any
Class | ) gg :x <10,000— 1¢
- <15,000 - 3¢
Any
>115 kV
Class Il >10,000 — 1¢
>
>69 kV < 115kV 515,000~ 30

Septemb

er 18, 2024

waukesha

4
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waukesha

Preliminary Testing



Preliminary Testing waukesha

Class | Class Il
Routine > Routine >
Routine > Routine >
Routine > Routine >
GT Routine > GT Routine >
GT Routine >> GT Routine >
Routine >> Routine >
Routine > Routine >

Prolec GE Waukesha / Proprietary and Confidential



Preliminary Tests

Voltage Ratio Test
« Performed with ratio-meter (TTR) based on voltage
comparison principle to check that windings are wound
with correct turns including tapped turns
* Low voltage is applied to HV winding and voltage
measured across LV/other winding is fed back to ratio-

meter which displays the applied/measured voltage ratio

(= turns ratio)
« Turns ratio is compared with voltage ratio requirement
to meet tolerance of +/- 0.5%

CT Ratio and Polarity Test

» Verify Polarity ( & also Ratio ) and wiring to control box

Leak Test

« 10 PSI for 10 hours minimum

waukesha

Taps NAME PHASE
) ) PLATE | Hi-H: H:-H; H:-H,
HY LV Xo-Xo Xo-Xs | X X)
1 6812 6.820 6.819 6.819
2 6.650 6.654 6.655 6.655
3 6.488 6.491 6.491 6.492
4 6326 6.331 6.331 6331
5 6.164 6.167 6.168 6.168

« Typically Tested during Manufacturing before release to Test

a prolec ge company
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Preliminary Tests (cont.)

Insulation Power Factor

E1[V_per_meter]
5. SBEYe+0BE
6. B995e+008
5. 6951e+086
5. 2865e+005
4. B79Ge+008

Y. 4732e+086
4, BBESe+026
6599¢+006

. 2532e+088
2, BYE6E+02E
2. 4399e+088
2,03332+006

TOP OF BOTTOM YOKE

« Test voltage is typically 10kV

« Power Factor is affected by
temperature; Recommended
109 t0 400 C

 No IEEE Limit for PF, Max
0.5% good for most units

a prolec ge company
C57.12.90 Sec. 10.10
- 1
High 1€
Tank
i [ Cy
4 iR CuL and
- Core
| (
CHT ,—J: Low (X) I\
C
- L
T G
I{
Tert (Y) Ay
Connection |TestkV| mA Watts T;(z:éer F?@ft;(;c Cap (pF)
CH+CHL 10 | 25446 | 0.371 0.15 0.14 6750
CH 10 9.830 | 0.216 0.22 0.21 2608
CHL(UST) 10 | 15.601 | 0.128 0.08 0.08 4138
CHL 0 15.616 | 0.155 0.10 0.09 4142
CL+CHL 10 | 49.653 | 1.603 0.32 0.31 13171
CL 10 | 34.047 | 1.437 0.42 0.40 9031
CHL(UST) 10 | 15593 | 0.142 0.09 0.09 4136
CHL 0 15.607 | 0.166 0.11 0.10 4140

Prolec GE Waukesha / Proprietary and Confidential
© SPX Transformer Solutions, Inc.
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GT-07133

d.l‘

Excitation Current & Loss [M4100 Serial: 122033265]

Manufacturer Type Steps Rated kV Step kV Step % Oil Volume
b
o e DETC-1 ¥ 5 ¥ 43800 ¥ 3450 ¥ 2500 *
Two-winding Transformer OLTC-1 ¥ 33 ¥ 41320 7 0083 " 0625 * w_quhe fh
S i Test Dat 9/3/2024 10:41:53 PM
ession festmale 7 H1 H3 H2 H1 H3 H2 B hrolec ga company
Nameplate - Two-winding Transformer : Winding : Tap TestkV| mA  Watts X mA Watts X mA  Watts X | FRANK™
Company ONCOR Serial Number GT-07133 HV:3 Lv:16R” 10 [ 7.040 "39880 L [ 384 719909 L [ 7708 " 41461 L | Good
Location Special ID 5175389 v ,, v r r b r
Division Circuit Designation HV:3 LV:15R" 10 6.855 738.821 L 3.769 19.380 L 7.472 ¥ 40.238 L Good
Manufacturer Configuration DY Hv:3 LV:14R" 10 [ 6682 737.794 L [ 3689 F 18853 L [F7.248 ¥ 30067 L Good
Year Manufactured 2024 Tank Type N2 Blanket Hv:3 LV:13R" 10 [ 6527 736.803 L [ 3608 F 18.401 L [7025 ¥ 37.986 L Good
Mfr Location Coolant ai Hv:3 LV:12R" 10 [ 6379 ¥35939 L [ 3535 ¥ 17.963 L Fe6825 736952 L Good
Phases Three Class ONAN/ONAF/ONAF . . r r r r r " r
Oil Votume . BIL 250 KV HV:3 LV:11R" 10 6.242 735.125 L 3.465 17.555 L 6.634 ¥ 36.007 L Good
Weight . Hv:3 Lv:10R" 10 [ 6.117 ¥34.386 L [ 3401 F 17185 L [Fe461 7 35154 L Good
kV 138, 13.2 VA Rating 28,37.3,46.7,*, WA Hv:3LV:9R ¥ 10 [6.000 F33.710 L [ 3340 F 16.860 L [Fe6300 F 34362 L Good
Hv:3 LV:8R ¥ 10 [ 5894 F33.099 L [ 3206 F 16.509 L [Fe156 T 33647 L Good
Administration HV:3 LV:7R " 10 [ 5794 F32588 L [ 3247 ¥ 16.243 L [e6.026 ¥ 33018 L Good
Test Date 9/3/2024 Test Time: 10:41 PM Weather Indoors Hv:3LV:6R " 10 [ 5710 F32.112 L [ 3184 ¥ 15954 L [5893 ¥ 32476 L Good
Air Temperature  20°C Apparatus 28C Humidity ’ Hv:3LV:5R " 10 [ 5634 731703 L F 3146 715749 L [ 579 732038 L Good
Tester SMB Work Order Date Last Tested ) ) r r r > r ¥ r
Verified 91312024 Test Set Type Date Retested HV:3 LV:4R ¥ 10 5571 731.360 L 3.114 15.591 L 5710 ¥ 31.667 L Good
Verification Date Set Top Serial # Reason Hv:3 Lv:3R ¥ 10 [ 5519 ¥31.086 L [ 308 " 15453 L [5642 7 31.351 L Good
Last Sheet # Test Set Model Travel Time Hv:3LV:2R ¥ 10 [ 5479 F30885 L [ 3063 F 15335 L [Fs5591 F 31141 L Good
z“’?hase Order :‘:-?:k# 2“”“‘;{‘ Hv:3 LV:1iRF 10 [ 5451 30755 L [ 3044 7 15239 L Fs557 30993 L Good
opies ee rew Stz Hv:3 Lv:1L ¥ 10 [ 5484 T3085 L [ 3053 T 15270 L [s577 T31116 L Good
) Hv:3 Lv:2L ¥ 10 [ 5511 730983 L [ 3065 F 15327 L [5604 7 31231 L Good
Bushing Nameplate Hv:3Lv:3L " 10 [ 5552 "31179 L [ 3087 T 15418 L [ 5653 731435 L | Good
Designation Serial # Manufacturer Type C1%PF C1Cap C2%PF C2Cap RatedkV Amps . . r - ) r . - ) r : - . r ) 00
H1 24-243931 PCORE Electric Co. POC Lg 0.31 Lg 426 0.26 Lg 3647 Lg 138 Lg 800 HV:3 LV:4L 10 5.605 31.454 L 3.1 15.554 L 5.716 31.752 L Good
H 24-243947  PCORE Bectric Co. Ppoc 7 03 " 44 ¥ 026 7"3621 " 138 " 80 |Hv:3LV:5LF 10 [ 5667 F31.793 L F 3141 ¥ 15726 L [5794 ¥ 32124 L Good
H3 24-243937  PCOREHectricCo. ~ POC " 031 " 424 7 026 73664 " 138 " 800 | pv:3LvieL ¥ 10 [ 5740 732189 L [ 3476 ¥ 15928 L [ 5887 "32560 L Good
X0 24240052 PCOREBectric Co.  POC " 023 " 402 i ©oT s P20 |y vl P oqo Fssos Ta2ees L F 3217 T 16472 L Fs590 733084 L Good
X1 24-241699  PCORE Hectric Co. poc ¥ 023 ¥ 571 * = 7 345 " 3000 ) o _ o _— [ e _—
o 24241712 PCORE Heotric Co. roe T 002 T 565 . . P a4 Foago |HV:3LV:BL T 10 5.923 ¥33.201 L 3.262 16.435 L 6.119 ¥ 33.687 L Good
X3 24-241708 PCORE Bectric Co. poc ¥ 022 T s67 * « 7 35 T30 [Hv:3LV:oL " 10 [6.028 733819 L [ 3312 716733 L [e254 " 34386 L Good
Hv:3 Lv:10L® 10 [ 6.145 ¥34.485 L [ 3368 ¥ 17.056 L [Fe6404 ¥ 35158 L Good
Overall Tests [M4100 Serial: 122033265] Hv:3 Lv:11L " 10 [ 6272 ¥35233 L [ 3427 ¥ 17434 L [Fe565 7 35991 L Good
. Insulation V1 Loss PFTCF TCF Cap(p) FRANK™ Hv:3 Lv:12L” 10 [ 6408 736030 L [ 3492 "17822 L [6736 "368% L | Good
% CH:;HL ,18881 ,299;)3610 ,8223 ,gggi ,3221 ,ggjggg oo Hv:3 Lv:13L” 10 [ 6556 736909 L [ 3561 718254 L 6920 "37876 L Good
. - - - . B 00 . . F F F F F F F
o oL "10000 T19118 " 0201 0196 T 0961 "eoribor  Gue HV: 3 LV: 14L g 10 r6.713 '37.846 L [ 3.633 g 18.720 L ! 7.119 . 38.959 L Good
v oHL  Pi9430 " 0232 0119 " 0981 75074745  Good Hv:3 Lv:15L F 10 6.880 738.856 L 3.708 19.207 L 7.325 ¥ 40.082 L Good
% CL+CHL  710.000 783418 ¥ 1431 T 0.168 ¥ 0.981 ¥ 221285 Hv:3 Lv:16L " 10 [ 7.049 ¥39.0925 L F 3787 ¥ 19721 L [7540 ¥ 41207 L Good
6 c :10-001 :64»301 :1-200 :04183 :0-981 :17056-801 Good HV:1Lv:N 7 10 [5011 F27.975 L F 282 % 13925 L Fs107 T28182 L Good
Z g:t 10000 ,121:? ,82‘;’ ,gﬁg ,3221 ,28;‘1)232 goog Hv:2 LV:N 7 10 5219 T20315 L [ 2921 ¥ 14503 L 5329 7 29541 L Good
. . . . A 00
— - - Hv:3 LV:N ¥ 10 [ 5455 30789 L [ 3047 F 15347 L [Fs5525 F 30924 L Good
Winding without Attached Bushing Calculation ) . r r r w r r r
Ch.C1 o Foo31 T 0257 0254 ” 0981 T2634.055 HV:4 LV:N 10 5690 732.379 L 3.165 16.044 L 5.763 ¥ 32.487 L Good
cL-ct o Te4301 ¥ 1200 7 0183 ” 0.981 "17056.801 HV:5 LV:N ¥ 10 [ 5934 734059 L [ 3205 ¥ 16.870 L Fe6042 ¥ 34214 L Good

Q
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Preliminary Tests (cont.)

Single Phase Excitation Test
» Test typically performed on HV terminal and tested at 10kV
« Testis performed 1@ at a time and currents are compared

* For three phase transformers, two phases are expected to
have similar and higher current compared to third.

« Current measured on phase wound on center limb on
three-legged core will have lower current due to lower
magnetic reluctance

* Must de-magnetize core prior to test.

Winding Insulation Resistance C57.12.90 Sec. 10.11

« Typically tested at 1, 2.5, or 5 kV and held for 1 minute
before taking reading

» Test performed high voltage to low voltage and ground and
low voltage to high voltage and ground

* Acceptable values varies with design, voltage class and
cooling medium - typically is greater than 500MOhms

waukesha

a prolec ge company

Tap Position I (mA)

DETC LTC | Phase B | Phase C | Phase A
1 N 3.5 8.9 9.0
2 N 3.7 9.3 9.4
3 N 3.9 9.6 9.7
4 N 3.9 9.9 10.1
5 N 4.1 10.3 10.5
3 16R 3.9 9.6 9.7
3 15R 24.2 29.3 29.3
3 14R 3.9 9.5 9.7
3 13R 86.5 91.8 91.4
3 12R 3.9 9.5 9.7
3 11IR 24.1 29.3 29.3
3 10R 3.9 9.5 9.7
3 9R 24.1 29.2 29.3
3 8R 3.9 9.5 9.7
3 7R 24.1 29.2 29.3
3 6R 3.9 9.5 9.7
3 SR 86.4 91.8 91.4
3 4R 3.9 9.5 9.7
3 3R 24.1 29.3 29.3
3 2R 3.9 9.5 9.7
3 1R 24.1 29.2 29.3

Connection

Megger (MO) @ 2.5 kV

1 min

(HV + XV + YV)

- GRND

18528

HV - (XV + YV + GRND)

22500

XV - (HV + YV + GRND)

13950

YV - (HV + XV + GRND)

165760

Prolec GE Waukesha / Proprietary and Confidential
© SPX Transformer Solutions, Inc.
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Performance Characteristic Tests waukesha

Class | Class Il
Routine >> Routine >
Routine >> Routine >
Routine >> Routine >
Routine >> Routine >
)
)

Zero Sequence : :
Impedance > Special >> Routine
Winding Resistances > Routine >> Routine
Sound Test > Other > Other >

Prolec GE Waukesha / Proprietary and Confidential



Nameplate

@ PROLEC-GE WAUKESHA, INC. UJQUI'\QIhQ' ] LOAD TAP CHANGING @
GOLDSBORD, NORTH CAROLINA, USA
POWER TRANSFORMER
CLASS ONAN/ONAF /ONAF  3-PHASE 60 HI SER. NO. 0 | 2
MVA 10.00/12,50/14.00 CONT. TEMP. RISE B5°C a? EP
HV I 15000Y/66395 VOLTS BIL 450 KV —_—
HV_NEUTRAL BIL 450 KV Eg_ﬁ
LV 13090Y/7560 VOLTS BIL 110 KV L—4
LV _NEUTRAL BIL 110KV S —
TV 13090 DELTA @ 3.50/4.38/4.90 MVA__BIL 110 KV Eg—'g
TV: BURIED FOR HARMONIC SUPPRESSION ONLY X1
IMPEDANCE WITH HV SWITCH IN POSITION A c_ﬁ
% AT 115000 - 13090 VOLTS AND  10.00 MVA " xz
TMPEDANCE WITH HV SWITCH IN POSITION B Ho—
4 AT 115000 - 13090 YOLTS AND  10.00 MVA [ —
—a-X |
WARN NG ) E—ii
DE-ENERG | ZE TRANSFORMER APFROX WATE WEIGHTS LBS. BUSHING CURRENT TRANSFORMER 4
BEFORE CHAMGING HV TAPS| [TGAE L COIL (UNTANKING WEIGHTT| 34160 MULTI-RATIO RELAYING s
HIGH VOLTAGE TAPCHANGER TAMK, FITTINGS, & Rapumlns 30070 *f,‘fi”;cé CLAs3 ceon
DE-ENERGZED OPERATIGN RADIATORS (TOTAL)| 4BB0[LBS. iA-D. .
VOLTS [ANPS AT To T chvecrs | |OIL-MAIN TANK 4160 [GALS. THERWAL RATING FACTOR = 2.0 ] ﬁ E
L-L |14.00MvA 01 L- TAPCHANGER C”;}“f,‘g Tap [CURRERT] Tap 1
120750 66.9 | | | z1-22 COMPARTNENT 268 |GALS. 50:5 [X2-X3 | 300:5 | A2-14
i e T2 OIL-RADIATORS 190 [GALS. 7055 Teixz EIEIET R . .
1 . 22-23 OIL-TOTAL 4618 [6aL5.| 34640 - ‘ ! !
150:5 |x1-x3 A3-X5
isho| 10.3 |3 | @324 TsoHTl?'LH:J[alﬂrmm WITHOUT 0IL rlglf?u 200:5 1Xd-X3 LraH W M 1 H H‘ j "2
2125l 121 | 4 | 24-25 PRGN ssass T 31535 250:5 |K3-id AI-XE TRANSFORMER WINDINGS ARE COPPER o
_ SHIPPING PARTS 6935 5935 | |BUSHING CURRENT TRANSFORMER | [CoRE GRoowD
toseso] 1.0 |2 1252 | e ve ToraL §a7es | ses7g | [MULTI-RATIO RELAYING I
FOR_STEP DONN OPERATION RCCURACY CLASS cand
Fhihini. Gt rke FACTOR = 2.0
PHASE SHIFT DE-ENERGIZED SWITCH CURRERT e
THP THP
RATIO RATID
raTin | comecs 100:5 [H2-X3 | 600:5 | Xg-04
ey 200:5 [XI-X2 | 800:5 | xi-0d
0 BEGREE g li 300:5 |xi-%3 [ 900:5 | x3-%5
PIASL RILATIOM * w a0 W 400:5 |%4-K5 | 1000:5 | %2-45
Pr—— 500:5 |%3-Xx4 | 1200:5 | XI-X5
® u Y BUSHING CURRENT TRANSFORMER
A
Puket RERATION i s ACCURACY CLASS ca0o a—* " a—e
W CT:G,H,J K, L U = Wil = W2 =
TAPS | ANPS @ TAPS THERMAL BAT LN FacTR = 2.0 . @y A
LOW | LTC| conn m LOW | LTC| ropy ﬁﬂﬁ CURRENT[ 145 [CURRERT[ 1,0
VOLTAGE| FOS VOLTAGE| POS [— . RATIO RATIO s > T a—
PAPI|R MVA P4IPI|R MVA 300:5 |%3-x4 [ 1200:5 [ 01-23 N h y4 x4 Y 044
T80 | TL[4[4[Al 617 | 13080 | W [W[W 7 £00:5 [xi-xe | 1500:5 [xi-xe g_li P g_ﬁ Gg—ig R g—;g
11860 150 414 17 13170 I 4[N 4 S00:5 |x4-x5 [ 1600:5 | x2-u% - . - _—
1940 | 1L [S[S[A| 617 | iapsg | 2R 4[4 0 §00:5 |K2-X3 | 2000:5 [ X125 i ¥ —=! —e-1
12030 13L [6[5] A BIT 13340 3R | 5[4]B G606 1100:5 [hz-44
12 Lrefejelal oo L3ag e e oF IWSULATING L10010: WIRERAL OIL ® 9 % %
12190 | IIL|T|6|A| 6IT 13500 SR | 6|5 |B| 599 : X0
OIL LEVEL BELOW TOP SURFACE OF THE HIGHEST
12270 | 1L | 7| T]A| 6IT 13580 SR 16 16]B1 595 |lpoinT oF THE HIGHEST MAMHOLE FLANGE AT 25°¢ BUSHING CURAENT TRANSFORMER
12350 | oL [B|7|A| 6IT 13660 TR |76 B[ 592 |15 (1.8 INCHES. MULTI-RATIO RELAYING
12440 | 8L [B|B|A| BIT 13740 | 8R | 7|78 588 |oIL LEVEL CHANGES 0,71 INCHES PER 1 EUSHTNG CURAENT TRAFSFORNER ||ACCURACY CLASS c400
12520 | 7L |@[8[A] 6IT 13830 | %R [&[7]B[ sa5 | CHANGE IN OIL TEMPERATURE. CT:W| FOR WINDING TEMP EQUIP. :
12600 | 6L [9a[A| &IT 13910 | Tor[&la[B| sel | CONIAINS WO DETECTABLE LEVEL OF bed CTiH2 FOR WINDING TEMP £ou 1P [rociat SATING PECTER 2 2.0 JAOTEE oy wpyran, vomuuun
12680 | 5L [10]a|A| BIT 13990 | (IR | %|@|B| &78 . 100:5 AATIO cLass croo || SURRENT ap [CURRERTL Tap 7,86 BIRECTL Y COMNECTED
OIL MEETS ASTM D3487 TYPE 11 - INWIBITED. TOR = - " UNGROBNDER, MUST BE PROTECTED
12760 4L A [1ki 14979 12R | #[9]8 574 QPERAT ING PRESSURE OF OIL PRESEAVATION SYSTEM 100:5 [X2-X3 | 600:5]X2-X4 BY DISECT COWRECTION To A PROPEALT
12840 i Al 817 14158 13R |10{9]E 571 |lis 5.0 LEFFINi P e R e oY oel H e |[BUSHTNG CURRENT TRAWSFORWER Z00:5 [Wi-n2 | B00:5 | %1-k4 |, UHTER HReC ANRIIEN @
: - SIKGLE RATIO RELAYING 300:5 [H1-x3 ] 900:5 | a3-us | VUST BE BIRECTLY COMMEETED
12330 | el Al 61T l4240 | V4R [1ol10] B] 568 | 7ank pesignep for o LBF/IH2 POSITIVE AND ST 0 Fok LTC CORTROL ub. D8 I LEPT
13010 IL [ M1 A EIT 14320 |58 |1I|10f B 565 FULL WACUUM FILL 700:5 RATIO CLASS €100 400:5 |H&-45 | [000:5 | X2-%8 Hlsg?mngné“l:“usupgmc;ﬂ“n
13030 N IMIM[B] &I7T T4460 | ToR [TTITIT B 38, [DESIoN ALTITUDE OF 3300 FEET AMSL. THERMAL RATI ToR = 2.0 || S00:5 [X3-Xa | 1200:5 [ XI-X5 ]| AATED sike ansesten — - oo
@ LTC TYPE: REINHAUSEN RMV-11-1500-15 DESIGN NO. 5171585 @ ASITISES90  REV. (1) DATE OF MANUFACTURE: @

waukesha

a prolec ge company
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No-Load Test Connection — C57.12.90 Section: 8 waukesrha

No Load Loss and Excitation Current

» Core Loss ~ Hysteresis Loss, Eddy Current Loss
» Hysteresis Loss ~ Flux Density & Grade of Steel

« Eddy Current Loss ~ Frequency, Temperature

Test Circuit

» Transformer is excited from either TV/LV or HV side at 60 Hz with a variable
voltage sinusoidal source

» All other terminals are left open

» Applied voltage is slowly increased to test voltage 90%, 100%, 110%

Measurement

* Require high precision loss measurement system
» Losses corrected to 20°C

Prolec GE Waukesha / Proprietary and Confidential



. waukesha
No-Load Test Connection

——CT LV
VT HV

60 Hz
SOURCE

Prolec GE Waukesha / Proprietary and Confidential



(0)
Load Loss and % Impedance waukesha

Load Loss C57.12.90 Sec. 9
 Load Losses are the losses of TRANSFORMER DUE TO LOAD CURRENT

« Load Loss = I°R loss + Eddy loss + Stray loss

« Eddy losses depend on conductor thickness and width and leakage
flux distribution

« Stray loss depends on % impedance, winding dimensions and clearance to
tank and clamps

Impedance
* % Impedance = VOLTAGE FOR RATED CURRENT X 100

RATED VOLTAGE

Prolec GE Waukesha / Proprietary and Confidential



Winding Resistance Test — C57.12.90 Section: 6 waukesha

Performed with standard resistance bridge, DC current is fed to the winding and voltage
developed across is measured

Resistance = Voltage/Current is displayed and compared with design value

Required for Load Loss calculation

Reference for heat run winding temp rise calculation:

R, 2345+ T, for Copper
R, 234.5+T,
: 1-2 = 0.6667 /712 =2

/\‘\
o/ \ . 2-3 =0.6667 0 23 =2
/ NO 39 =06667 1 3-1 =2
1 \2 Sum =2.0001x1.5=3 “Y Sum=6x05=3
1

Prolec GE Waukesha / Proprietary and Confidential



Load Loss Test Connection waukesha

* Test Circuit

Transformer is excited, preferably from HV side at 60 Hz with a variable
voltage sinusoidal source. LV terminals are shorted. Applied voltage is slowly
increased to feed the rated test current in the windings.

* Measurement

With the help of a precision loss measurement system load current, voltage
and losses are measured:

Measured loss = I? R Loss at ambient + stray loss
I R Loss at 85°C = |12 R Loss at ambient*(234.5+85)/(234.5 + ambient)
Stray Loss at 85°C = Stray Loss at ambient*(234.5+ambient)/(234.5 + 85)

Prolec GE Waukesha / Proprietary and Confidential



waukesha
Load Loss Test Connection (cont.)

O "
\AAAS
— CT vT HV LV
A .

AC P
SOURCE
®
o}

Prolec GE Waukesha / Proprietary and Confidential



Load Loss Test Connection (cont.) waukesha

a prolec ge company

Prolec GE Waukesha / Proprietary and Confidential



waukesha

Dielectric Tests S

\ A
Impulse (Line) / GT Routine >> Routine >
: N :
Impulse (Neutral) _ GT Routine >/ Routine >

p»  Switching Surge Impulse Other >> Routine > 345 KV >

Applied Voltage Routine > Routine

Routine
7200 cyl. Induce test &T Routine with PD >> NA >
1- Hr. Induce test with PD > Other > Routine >

V| 'V VR

Prolec GE Waukesha / Proprietary and Confidential



Impulse Testing — C57.12.90 Section: 10.3 waukesha

» Lightning Impulse Class Il - Routine, Class | — Other
— Reduced Wave RFW (50 — 70% of Full Wave)
— Full Wave *
— Two (2) Chopped Waves
— Full Wave
— Full Wave *

 Transformer Neutrals
- 1RFW
- 2FW
- 1FW*

*Added in 2015 Standard

rolec GE Waukesha / Proprietary and Confidential



Impulse Test

Lighting Impulse

* Front Time — 1.2 microseconds + - 30% Tolerance (1.67 Times the time
between 30% and 90% voltage)

« Tail Time — 50 microseconds + - 20% (Time to 50% peak voltage)

« Chop Time

100 %

g

VOLTAGE

> = 3 microseconds for > =150 KV

> = 2 microseconds for < 150 KV

VOLTAGE

e o o —— o —]

1.2

TIME - MICROSECONDS

50

NORMAL "FULL WAVE"
UNTIL CHOPPED

CHOP TIME, Tc,
GENERALLY 3

| A,

MICROSECONDo

Y
TIME v

Chopped Wave

waukesha
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waukesha

a prolec ge company

Waveform Comparisons — RFW & FW Overlay

COMP

CIFF, . = i -

e s Wiue 4D = 50 s Differance e o i 10
Min: =78k (-1.41 %)
Mea: 5.1k (0.92 %)

Voltage Waveform Current Waveform
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Impulse Generator (cont.) waukesrha
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mpulse Generator (cont.) waukesrha

Multiplier Circuit

» RC circuit with circuit Inductance

« Multiplier circuit introduced by Prof. Marx

* Impulse capacitor Cs are charged in parallel
and discharged in series after firing the
switching gaps F

* Front Time T1 is determined by Rd whereas
time to half value is determined by Re

_I‘I_;
. é’
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Impulse Generator (cont.) waukesha

« Stages in series for higher voltage

- i
‘ « Stages in parallel for
. . higher energy

| ~> Oj_‘ | Series — Parallel Stages

H 1]
é SF A SF
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Voltage and Current Wave Shape

Comparison (Reduce and Full Wave) waukesha

Chop wave failure Failure between LTC Leads
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—j Turn to turn failure within

Cable to cable failure winding
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Impulse Failure Waveforms waukerha
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FIG1 COIL TO COIL FAILURE NEAR LINE END

&k
RFW FWC

RFWC
» I
Fig. 1-Fwy Fig.1-FWc
FIGII  COIL TO COIL FAILURE IN MIDDLE OF WINDING
Fw
RFW
FwWC
A N e il
— a7
Fig. lll - FW (HV) ,ﬂ V' Fig.-FWC (HV)

FIG IV LINE END CORONA

’\
RFW
FWc
M
Fig. IV - FW Fig. IV - FWC
FIGVIL  FAILURE OF NO-LOAD TAP CHANGER
FW
Fwc
RFW
y - > e
RFWC
——tee A A A A A A A
Fig. Vil - FW Fig. VIl - FWG
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Switching Impulse Test

Switching Impulse Test C57.12.90 Sec. 10.2

« Time to peak value > 100 microseconds
« Time for 90 % of peak Value > 200 microseconds

* Time to first zero on tail of the wave >1000 microseconds

Test Circuit
 Test for each HV Line terminal
« Ground Neutral terminal for all Wye connection
» Ground other end of all Delta windings

 All Line terminals to be kept open except test terminal

waukesha
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Switching Impulse
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Low Frequency Dielectric Test waukesrha

Applied Voltage Test
« Transformer Connections

 Test Levels

Induced Voltage Test
 Transformer Connections
 Test Levels — Class | & Class I

- Partial Discharge
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Applied Voltage Test — C57.12.90 Section: 10.6 waukesha

 All terminals of winding under test are shorted together and connected to
the 60 Hz supply through a high voltage test transformer. All other winding
terminals are shorted together and connected to ground. Tank is also
connected to ground

 During this test, as both ends of winding are connected, all parts of the
winding and leads attain the same voltage level with respect to ground
and all other windings

 Test voltage is raised slowly to the required voltage and held for 1 minute.
The test is considered to be passed if there is no collapse of voltage or no
audible internal sound

 After testing one winding, connection is changed for another windings and
are tested in a similar way
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Induced Voltage Test vs. Applied Voltage Test waukesrha

A - Induced Test

Hy Hy

B - Applied Test
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Induced Voltage

Customer Hvr 145.0 kV
Serial# GT-07133 w’ 132 kV
. Design# 5175389
wauke /hq - tanys 2
BIL h 550
Config N Corona Test ENHLV LL 22.9 kV
Prolec-GE Waukesha, Inc. Tested By KJ/EM 1 HRLV LL 19.7 kV
phone 919.734.8900 or 800.758.4384
fax 919.580.3254 Date 09/04/24 Nom.x 1.05 LV LL 13.9 kV
Cycle Time H1(pC)  H1 (uV) H2 (pC)  H2 (uV) H3 (pC) _ H3 (V)
Ambient 0:00:00 5.1 24.0 6.3 22.0 78 24.0
Nom. x 1.05 0:01:31 66.3 87.0 48.4 49.0 67.0 84.0
1 Hour Level 0:07:49 255 34.0 20.4 24.0 26.8 32.0
Enhanced 0:00:00 247 33.0 19.7 27.0 25.8 31.0
1 Hour Level 0:05:00 235 32.0 172 25.0 25.8 31.0
1 0:10:00 23.4 33.0 16.1 24.0 227 29.0
2 0:15:00 24.5 31.0 16.9 25.0 24.0 27.0
3 0:20:00 238 33.0 16.6 22.0 23.7 26.0
4 0:25:00 225 34.0 17.1 24.0 246 27.0
5 0:30:00 245 34.0 163 23.0 23.7 27.0
y 6 0:35:00 23.0 30.0 189 24.0 25.1 28.0
y 7 0:40:00 247 31.0 26.9 24.0 25.9 26.0
d 8 0:45:00 235 30.0 26.3 23.0 23.3 28.0
d 9 0:50:00 245 32.0 29.9 23.0 27.8 26.0
RT) 0:55:00 225 31.0 183 22.0 22.7 26.0
T 1:00:00 21.8 31.0 15.8 24.0 24.1 24.0
TP 1:05:00 20.6 31.0 15.1 23.0 22.0 24.0
Nom. x 1.05 1:10:00 153 26.0 12.0 21.0 155 22.0

waukesha
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Loss

waukesha
ONCOR 9/3/2024 ONCOR 9/3/2024 T
waukeshaq crors waukesrha croms
st e G : meme - Core Loss Tested By: e 1 Load Loss Tested By:
it il o S Before Impulse JKCIRG g e A Temp 23.9°C JKC/RG
Nominal % KV Mean ominal
DETC |oOLTC Tap | Operating | KV RMS (3 ph. Amps Kilo Watts pETC |oLTCTap| KVRMS |KVMean (3| Amps Kilo Watts
Tap (NLTC=N) | Voltage (3 ph.avg) avg) (3 ph. avg) | (3 ph. total) Tap (NLTC=N) | (3 ph.avg) ph. avg) (3 ph. avg) | (3 ph. total)
c N 90% 6.875 6.886 0.549 10.900 A 16R 10.327 10.327 111.420 105.160
c N 100% 7.641 7.650 0.772 13.897 Cc 16R 9.978 9.978 117.900 109.160
c N 110% 8.436 8.439 1.693 18.235 E 16R 9.736 9.736 123.280 115.730
c N 1M7% 8.946 8.919 4.669 23.179 A N 10.194 10.194 111.750 111.950
C N 9.732 9.732 117.240 112.950
E N 9.545 9.545 123.620 121.230
A 16L 10.117 10.117 111.630 128.900
C 16L 9.692 9.692 117.870 130.920
E 16L 9.446 9.446 123.990 137.050
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Applied Voltage Test (cont.) waukesrha

Test Voltage
* For Delta connected windings, applied test voltage level corresponds to NSV

For example:
Equivalent applied test voltage for 230kV ( 750,825,900 BIL) is 345kV

« For Wye connected windings, the applied test voltage is limited to the BIL
of Neutral

For example:
If line end BIL is 550kV and neutral end BIL is 150kV, then equivalent applied
test voltage is limited to 50kV (equivalent for 150 BIL)
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waukesha
Induced Voltage Test — C57.12.90 Section: 10.7 to 10.9

Test Connection

« Three phase voltage is applied to LV terminals at frequency =2 times rated
frequency; all other line terminals are left open, Neutral and Tank is grounded

Test Voltage & Duration
Class | Transformers

« Test voltage is equivalent to twice the volts/turn and line end is raised to
achieve equivalent power frequency test voltage across phases

« Test duration is 7200 Hz; if test frequency is 180 Hz then
test duration = 7200/180 = 40 seconds

« Test is considered to be passed if no collapse of voltage occurs or no audible
internal sound is present
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Induced Voltage Test (cont.)

Test

Voltage & Duration

Class Il Transformers

Enhancement level — 173% maximum tap voltage for 7200 Hz

One hour test voltage — 150% for 1 hour

Partial discharge limits <= 500 pC

Enhancement®

‘ Voltage Level “

Hold as necessary to check

One Hour Voltage®
Level

One

__.;,|._ 7200 )
Cycles |

4l
-

Hour

4

waukesha
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C57.12.00 — Table 4

Table 4—Dielectric insulation levels for Class Il power transformers, voltages in kV

waukesha

: Applied voltage test Induced voltage test Winding line-end BIL Neutral BIL
Maximum S . (phase to ground) _ P
) Nominal (KV rms) . (KV crest) (KV crest)
system N (kV rms)
i system
voltage -
&V rms) ¥ thage Delta & Grounded Impedance Impedance
(kV rms) fully wye Grounded wye | Enhanced One Mini- Alternates Groundea | Groundedwye or
insulated or Grounded 7200 hour muim ) ! . Grounded wye with
wye wye with cycle wye Higher BIL
Higher BIL
Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8 Col 9 Col 10 Col 11 Col 12 Col 13
17 15 34 34 34 16 14 110 110 110
26 25 50 34 40 26 23 150 110 125
36 345 70 34 50 36 32 200 110 150
43 46 95 34 70 43 42 200 250 110 200
73 69 140 34 95 72 63 250 350 110 250
121 115 173 34 95 120 105 350 450 550 110 250
145 138 207 34 95 145 125 450 550 650 110 250
169 161 242 34 140 170 145 550 650 750 825 110 350
242 230 345 34 140 240 210 650 750 815 900 110 350
362 345 518 34 140 360 315 900 1050 1175 110 350
550 500 N/A 34 140 550 475 1425 1550 1675 110 350
765 735 N/A 34 140 880 750 1950 2050 110 350
800 765 N/A 795 1950 2050 3
NOTE 1- For nonunal system voltage greater than max1 2the next higher voltage class for applied test levels.
NOTE 2- Induced voltage tests shall be conducted at 1.58 X nominifi=e
NOTE 3-Column 6 and Column 7 provide phase-to-ground test levels that would normally [ : D geI=VEl 15 10 be measured phase-to-phase (as is
normally the case with delta windings), the levels in Column 6 and Column 7 must be multiplied by 1.732 to obtam the reqm.red phase- ro phase induced-voltage test level.
NOTE 4-Bold typeface BILs are the most commonly used standard levels
NOTE 5-Y-Y connected transformers using a common solidly grounded neutral may use neutral BIL selected in accordance with the low-voltage winding rating.
NOTE 6-For 500kV to 765 k'V nominal system voltages, induced voltage test levels do not follow rules in Note 2, and 1950 kV BIL is not a standard IEEE level
NOTE 7- For Neutral BILs greater than 350 KV, Applied Voltage test level shall be specified by user.

a prolec ge company
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Temperature Distribution Model
waukesha

a prolec ge company

Winding
II:IIoItIISIpIOt
Hot Spot
Gradient

,,,,,,,,,,,,,,,,,,,,,,,,,,

Winding

Location

Avg. Winding

.. Gradient.

| .
— Oil Rise | 9°¢

<> Avg. Winding Rit< 65C
<«—> Hot Spot Winding Rise

80C

>
24 Hour Max Avg. Ambient = 30C | Temperature
(Max Ambient = 40C)
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Temperature Rise Test — C57.12.90 Section: 11 waukesha

a prolec ge company

* Measurements during temperature rise test
— Top oil temperature
— Ambient temperatures
— Top and bottom radiator temperature

— Hot winding resistance at shut down
« Top Oil Rise = Top oil temperature — Average ambient
* Mean oil rise = Top oil temperature — Average of top & bottom header temp
* Average winding rise
= { (Hot Resistance/Cold Resistance) X (234.5+ambient temp) } — Ambient
* Gradient = Average winding rise — Mean oil rise
* Hot spot Rise = Top oil rise + Hot spot gradient

* Hot spot gradient = Gradient (1 + k); k = hot-spot factor
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Average Winding Rise

waukesha
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Heat Run Graphs

Hv Resistence I FABR'C - LV Resistence
Heat Run Data
o : IFA B5°T -1
FA 65°C - HV Resistence vs. Time Corstont
[ Lonstan
342180 Ambient 28.2 jg
3.115) T.0. Com
H.R. Mty 25
kwd 2021
# Fans [
Custarner
r~ Time [Minutes)
3 307631 %
Dicei T X 30763 145 1778
oy 30705 200 41632
Date 8/5/2013 Tods: x 30857 215 He
_VI X 0614 230 41533
x 30560 245 41458
#ofHeatFuns |3 Names * 30524 200 41385
—I . x X 30488 315 #1336
30450 330 11277
X
Height (ff) 3280.84 Default | X 30411 3:45 41218
— x mooB
X i
Cold Resistance  |26.2 C *x 30251 5:00 40384
L 0% 530 40903
Xy 30144 £:00 40836
YA ~Heat Fun Taps 298534 oy 30033 £:30 40770
; oy IE— 30055 700 40707
A 30016 730 40657
29975 &:00 40609
Ly IN 29941 8:30 40586
A ! 29911 500 ans24
29831 230 40480
FAFA, / 29853 10:00 40440
- Cold Resistence 28398 L
0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 430 5:00 5:30 6:00 6:30 7:00 7:30 8:00 8:30 9:00 9:30 10:00
Valtage HY IE'SE?3 Calculate 000 Calculate I
Hv [110000 Ly [13090 L [03sa05 3115 Resistance
536 Temperature
Close Graphs

R2 82 : Temperature of the winding when the circuit is opened
IE]2 - Rl (235+ E’1) —235 8 : Average oil temperature at he beginning of test (cold case)

R> : Resistance at temperature 8- ( hot case )
R4 : Resistance at temperature 8; ( cold case )
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DGA

DGA Sequence
- Before Test , After Dielectric, Before/After Temp Rise test, After all Tests

« (Gassing rate depend on many factors - Winding temperature rise, Ambient
Temperature, Duration of test, Design characteristics like current and flux density

« Expect significant difference lab to lab

Limits per C57.130

Gas Generation During
Temp Rise Test
PPM/ Hour

Hydrogen H2
Carbon Monoxide CO
Carbon dioxide CO2

Methane CH4
Ethane C2H6
Ethylene C2H4

Acetylene C2H2

waukesha
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Sound Test — C57.12.90 Section: 13
waukesha

a prolec ge company

« Core audible sound: This sound component originates in the transformer core

* Load audible sound: This sound component is primarily produced by vibrations of the
windings and tank walls when the transformer is loaded.

— When a transformer is highly loaded, load sound can be a significant contributor to the
total sound of the transformer ,especially for low no-load noise medium and large
power transformers.

« Cooling system audible sound: typically consists of broadband fan noise, plus discrete
tones (of low levels) at the fan blade passage frequency and its harmonics.

The sum of core and cooling system sound components is typically referred to as the no-load
noise of a transformer.

The total audible sound of the transformer, however, is the sum of all three components,
2015 standard outlines measurement methods for Load sound and calculation to arrive Total
sound.

Sound levels are specified in NEMA-TR1 and that is only No-Load Sound Level

Load Sound is not significant for smaller transformers ( < 100 MVA ) unless No load
sound required is below NEMA
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Sound Test Procedure

« Measurements are generally taken on a weighted scale as per NEMA standard

* Location of measurements start at drain plug and around the transformer at
approximate 3-foot intervals, 12 inches away from transformer tank/radiators as
applicable at 1/3 and 2/3 heights for transformers over 9 feet

* With fans running —

readings are taken 6 feet distance

B - L= DL BN
REFEREN CE SOUND (} A M — 2 m (6 ﬂ] @
PRODUCING SURFACE .~ ;Q} S = :li“ - [1 m MICROPHONE
W """""""""" {‘3} LOCATIONS
@ H,f’ o @
! l: Y .
.t Etl TANK | |
3 0
m O :
L — . DRAIN PLUG = Q} ﬁ?
S R0 ¥ o
} . {2} 52? MEASUREMENT
{;} @ ! ey CONTOUR (ONAN)
MEASUREMENT @ : Q} 4
CONTOUR S o3
{ONAF) & = l? E“G_ln; = Q)f (1 F:;
T = Ny s W = W |
(6 ft)

WAQUKe/

sha
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Other Tests waukesha

* Bushing Cap & PF — C1/C2

« Core excitation test — typically 110% for 24 Hours
« Leakage Reactance test

* Front of Wave Impulse testing

* Frequency response analysis (FRA)

« Fast Front Switching Impulse ( FFSI )

« Special Termination Lightning Impulse ( STLI )

« LTC Tests
- Operate LTC at No Load Voltage
- Operate LTC under Load

- Dynamic Resistances
- DGAfrom LTC
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Questions?
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