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PF @ 20C Transformers < 1MVA

M CH
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PF @ 20C Transformers < 1MVA
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Transformers < 1MVA: 22,531 (Class I)
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Average kVA: 359
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PF @ 20C Transformers < 1MVA
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Draft-Preliminary Analysis

1600

CLASS I

1400

1200

1000

CH CcHL cCL

800

1.780 1.900 1.480
0.030 0.040 0.030
0.413 0.490 0.289
0.134 0.149 0.093

Peak PF
Lowest PF
Average PF
Std Deviation

600

400

200

o]

N

—

()]
Vo
o © S
eV ™
& 5 oy
1 1
% ™ &
s20 0
= —
o N
F N -
o -- o
N < ()]
4/W %
0 [e)) _
SLB e
Vi g
v Q
o> [
g EX <
ot o 9O
neo =B
— n © —
anaJ >
o8> £
= < —

T<
[t 'zgo¥0z0gb 0)
[zgo%0z0g6 0 'E9Tg0%096°0)
[E9Tg0%7096:0 'SHzZT90Y6 0)
[SYzzT90%6'0 /2E918026'0)
[LzEgtgoz6 o 'goY0z0oT06:0)
[goYozoto6 0 '6YY7zZTRY 0)
[6%%zzTgge 0 ‘TL5gTY19g 0)
[tLSgz¥tgg o 'tS9zEgT¥g o)
[€ESgzEgtTyg o 'SElgEgTeg o)
[S€/9EgTzg 0 ‘gTg0%070g 0)
[g9Tg0%0z0g 0 'gbg¥rzegl 0)
[gbgzegl 0 'gbghzgl 0)
[gbgY%z9l 0 't9otSgzh/ 0)
[t9otagzh/ 0 'EhtiSgeel 0)
[€%tLSgeel -0 "ezzTgotol 0)
[7zzT90€0l 0 '90E5997EQ9 0)
[9otS9ztgg o 'ggt69%Eg90)
[gg€69¥%E9g-0 '6g¥ELgEY g 0)
[69%E/gEYg 0 'T55LLgEeg 0)
[tSS./gtzg 0 'EEgTgo% 09 0)
[E€g1g0oY709°0 "TL582%g5 0)
[7tL5gz¥g5 0 '96/68%%95'0)
[9646g%%95 0 'gLgEbg¥¥%5 0)
[g{g€69%%5 0 '656.6g%25 0)
[65646g%7S5 0 ‘T70z0T505 0)
[t%#0z0T505 0 ‘'22T90ESgY 0)
[zzTg0ESgY 0 "7ozOTSSg9Y 0)
[ozotS59%7 0 '9ge¥tLSY% 0)
[9gzY71LS%% 0 'L9EgT6SzY 0)
[Lg9EgTbhz¥ 0 '6Y7zEeTg0% 0)
[6%%zzT90Y 0 'tE59zE9gE 0)
[t€S9zEggt-o 'zT9otS99t-0)
[zT90E999¢-0 "769YELgYE 0)
[¥6gY€Lg%E 0 ‘9//gE6gTE0)
[04lg€69zE 0 'LSgehTLot 0)
[£5gzYTiot 0 '6EbgHELgT 0)
[6E6gY7ELgT 0 'z0TSS/g9T 0)
[cotSS/9z 0 'zoTSSLLYT 0)
[zotSSLLhz 0 "g1656Lcz 0)
[791696/zz 0 '‘99zEgTgoz o)
[S9zEgrgoT 0 '[YElgEggT 0)
[L%€LgEggT 0 '6THTLS89T 0)
[6zYTLSg9T 0 '195//Lg%T 0)
[T99/Lg¥T 0 ‘265646871 0)
[z65646gzT 0 'EL9EgT60T 0)
[E/gEgTboT 0 '59//gE6g0 0)
[§54/gE6g0°0 'LEQTE5690°0)
[£E€gT656g0°0 'gT656/6%0°0)
[gT656/6%0 0 '€0°0]

Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)

Rev. 03.09.2020



INSULATION RESISTANCE (MQ after 1min test)

CAUTION: Very Limited Data Provided

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND  (LV&GND) (HV&GND) (LV+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND

Peak IR: 99302 191000 190000 0] 0] 0] 0]
Lowest IR: 445 1520 418 0] 0] 0] 0]

Average IR: 16760 100720 84880 #DIV/0! #DIV/O0! #DIV/0! #DIV/O0!

Standard CAUTION: NO DATA PROVIDED
Deviation: 9081 47783 41968 #DIV/O0! #DIV/0! #DIV/0! #DIV/0!

CLASS I Total Sample: 148,470 Transformers

Transformers < 1MVA: 22,531 (Class I)
Average kVA: 359

Insulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis
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PF @ 20C Transformers < 1MVA

W CcH
4.5
4
CLASS 11
35
3
CH CHL cL
Peak PF: 0.270 0.254 0.290
5 Lowest PF: 0.190 0.120 0.180
Average PF: 0.231 0.225 0.258
2 Std Deviation: 0.030 0.046 0.042
1.5
Total Sample: 148,470 Transformers
0.5

Transformers < 1MVA: 14 (Class II)
Average kVA: 359

0

[0.19, 0.206] (0.206, 0.222] (0.222,0.238] (0.238, 0.254] (0.254, 0.27] Insu Iation_Tem p_deg .C: 17°c-23°cC

Draft-Preliminary Analysis
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PF @ 20C Transformers < 1MVA

M CHL

12

o CLASS II

Peak PF: 0.270 0.254 0.290
Lowest PF: 0.190 0.120 0.180
Average PF: 0.231 0.225 0.258
Std Deviation: 0.030 0.046 0.042

Total Sample: 148,470 Transformers
Transformers < 1MVA: 14 (Class II)
Average kVA: 359

o]

[0.12, 0.1468] (0.1468, 0.1736] (0.1736, 0.2004] (0.2004, 0.2272] (0.2272, 0.254] Insu Iation_Tem p_deg .C: 17°c¢c-23°cC
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PF @ 20C Transformers < 1MVA

mC

CH CcHL cL

Peak PF: 0.270 0.254 0.290
Lowest PF: 0.190 0.120 0.180
Average PF: 0.231 0.225 0.258
Std Deviation: 0.030 0.046 0.042

Total Sample: 148,470 Transformers
Transformers < 1MVA: 14 (Class II)
Average kVA: 359

[¢]

[0.18, 0.202] (0.202, 0.224] (0.224, 0.246] (0.246, 0.268] (0.268, 0.29] Insu Iation_Temp_deg .C: 17°c-23°C

Draft-Preliminary Analysis
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INSULATION RESISTANCE (Mq after 1min test)

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND  (LV&GND) (HV&GND)| (LV+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND

Peak IR: 8210 9650 /7110 3020 1480 2230 1970
Lowest IR: 3250 1890 2800 3020 1480 2090 1970
Average IR: 5388 6134 5064 3020 1480 2160 1970

Standard CAUTION: VERY LIMITED DATA PROVIDED
Deviation: 0 0 81 0

CLASS II Total Sample: 148,470 Transformers

Transformers < 1MVA: 14 (Class II)
Average kVA: 359

Insulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis

Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
Rev. 03.09.2020



IEEE Std

(C57.12.00-2015
Section 5.10

* Therefore, power transformers are separated into two
different classes as follows:

a)

b)

Class | power transformers are any that are not
categorized as Class Il, described in item b).

Class Il power transformers shall include power
transformers with high-voltage windings rated for 115 kV
nominal system voltage and above, and also power
transformers with high-voltage windings rated 69 kV
through 115 kV nominal system voltage, having a top
nameplate rating of at least 15 ooo kVA for three-phase
transformers or 10 ooo kVA for single-phase transformers.



PF @ 20C Transformers 1-100MVA

BCcH
300
250
200 X
150 Peak PF: 1.490 1.380 1.230
Lowest PF: 0.040 0.070 0.020
Average PF: 0.479 0.549 0.342
Std Deviation: 0.146 0.190 0.168
100
50 I ‘I
ol m I I I I I Il - . _ Total Sample: 148,470 Transformers
TR RO RTRATWEE RO BT RT3 R BEIB®AY T T 3 =6 3= == Transformers 1-100MVA: 2,268 (Class I
7557700538038 5 8858557777 977858575] Ionsfomers1100MA: 2,268 (Class )
S 95999999 3099986989 o006 dd T G d D0 AVErage KVA: 3,
PRIt dfitI A pC PR IsdRe e
e 2 e 8288 TS g8 g8 e L8 T2 e e ddd s T = ddddddo Insulation_Temp_deg.C: 17°C-23°C

Draft-Preliminary Analysis
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PF @ 20C Transformers 1-100MVA
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Peak PF: 1.490 1.380 1.230
Lowest PF: 0.040 0.070 0.020
Average PF: 0.479 0.549 0.342
Std Deviation: 0.146 0.190 0.168

Total Sample: 148,470 Transformers
Transformers 1-100MVA: 2,268 (Class I)
Average kVA: 3,253

Insulation_Temp_deg.C: 17°C-23°C



PF @ 20C Transformers 1-100MVA
HCL

CLASS I
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CH CcHL cL

Peak PF: 1.490 1.380 1.230
Lowest PF: 0.040 0.070 0.020
Average PF: 0.479 0.549 0.342
Std Deviation: 0.146 0.190 0.168

Total Sample: 148,470 Transformers
Transformers 1-100MVA: 2,268 (Class I)
Average kVA: 3,253

Insulation_Temp_deg.C: 17°C-23°C



INSULATION RESISTANCE (MQ after 1min test)

CAUTION: Very Limited Data Provided

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND  (LV&GND) (HV&GND) (LV+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND

Peak IR: 124000 112000 99000 21400 0 0 0
Lowest IR: 2490 25 9 3300 0 0 0

Average IR: 14034 14147 11376 9333 #DIV/O0! #DIV/0! #DIV/O0!

Standard CAUTION: NO DATA PROVIDED
Deviation: 23963 22496 17875 10450 #DIV/0! #DIV/0! #DIV/0!

CLASS I Total Sample: 148,470 Transformers

Transformers 1-100MVA: 2,268 (Class I)
Average kVA: 3,253

Insulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis

Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
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PF @ 20C Transformers 1-100MVA

M CH

8o

70
60
50 CH CHL cCL
Peak PF: 0.770 0.780 0.720
Lowest PF: 0.125 0.120 0.130
40 Average PF: 0.247 0.258 0.288
Std Deviation: 0.095 0.104 0.105
30
o Total Sample: 148,470 Transformers
Transformers 1-100MVA: 140 (Class II)
Average kVA: 74,717
- [ [ |

o]
[0.125, 0.189] (0.189, 0.253] (0.253, 0.317] (0.317,0.381] (0.381, 0.445] (0.445, 0.509] (0.509, 0.573] (0573, 0.637] (0.637, 0.701] (0.701, 0.765] (0.765,0.820] ~ INsulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis
Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
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PF @ 20C Transformers 1-100MVA
[ CHL

45

w0 CLASS II

35
30
CH CHL cL
Peak PF: 0.770 0.780 0.720
> Lowest PF: 0.125 0.120 0.130
Average PF: 0.247 0.258 0.288
20 Std Deviation: 0.095 0.104 0.105
15
10
Total Sample: 148,470 Transformers
Transformers 1-100MVA: 140 (Class II)
Average kVA: 74,717
L =

o]
[0.12,0.291] (0.191,0.262] (0.262,0.333] (0.333,0.404] (0.404, 0.475] (0.475,0.546] (0.546, 0.617] (0.617,0.688] (0.688,0.759] (0.759, 0.83] Insulation_Temp_deg.C: 17°C-23°C

Draft-Preliminary Analysis
Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
Rev. 03.09.2020
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PF @ 20C Transformers 1-100MVA

HCL

60

50

40

CH CHL cL

Peak PF: 0.770 0.780 0.720
Lowest PF: 0.125 0.120 0.130
Average PF: 0.247 0.258 0.288
Std Deviation: 0.095 0.104 0.105

30
20

10

Total Sample: 148,470 Transformers
. Transformers 1-100MVA: 140 (Class II)

- Average kVA: 74,717

[0.13, 0.202] (0.346,0.418]  (0.418,045]  (0.49,0.562]  (0.562,0.634]  (0.634,0.706]  (0.706,0778]  Insulation_Temp_deg.C: 17°C-23°C

(0.202, 0.274 (0.274, 0.346]
Draft-Preliminary Ahalysis )

Confidential to IEEE SA and WG ~12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
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INSULATION RESISTANCE (Mq after 1min test)

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND  (LV&GND) (HV&GND) (LV+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND

Peak IR: 4620 16500 12500 7440 5940 5940 3960
Lowest IR: 525 11 15 1740 2784 /70 2784
Average IR: 2394 6035 4768 3551 3397

Standard
Deviation: 1750 5264

CLASS II Total Sample: 148,470 Transformers

Transformers 1-100MVA: 140 (Class II)
Average kVA: 74,717

Insulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis

Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
Rev. 03.09.2020



PF @ 20C Transformers >100MVA

CLASS I

, I(PF.- CHL CL
NO DATA AVAILABLE Lowest PF:

Average PF:
Std Deviation:

Total Sample: 148,470 Transformers
Transformers >100MVA: 0 (Class I)
Average kVA: 247,375

Insulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis

Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
Rev. 03.09.2020



PF @ 20C Transformers >100MVA

B CH
3.5
CLASS II
3
2.5
CH CHL CL
2 Peak PF: 0.240 0.239 0.237
Lowest PF: 0.185 0.185 0.210
Average PF: 0.212 0.222 0.226
15 Std Deviation: 0.023 0.021 0.014
05

Total Sample: 148,470 Transformers
Transformers >100MVA: 8 (Class II)
Average kVA: 247,375

0
[0.185, 0.1905] (0.1905, 0.196] (0.196, 0.2015] (0.2015, 0.207] (0.207, 0.2125] (0.2125, 0.218] (0.218, 0.2235] (0.2235, 0.229] (0.229, 0.2345] (0.2345, 0.24] Insulation Temp deg C: 17°c-23°C

Draft-Preliminary Analysis
Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
Rev. 03.09.2020



PF @ 20C Transformers >100MVA

M CHL

2.5

CLASS II

Peak PF: 0.240 0.239 0.237
Lowest PF: 0.185 0.185 0.210
Average PF: 0.212 0.222 0.226
Std Deviation: 0.023 0.021 0.014

15

0.5

Total Sample: 148,470 Transformers
Transformers >100MVA: 8 (Class II)
Average kVA: 247,375

(0.1904, 0.1958] (0.2012, 0.2066] (0.212, 0.2174] (0.2228, 0.2282] (0.2336, 0.239] .
[0.185, 0.1904] (0.1958, 0.2012] (0.2066, 0.212] (0.2174, 0.2228] (0.2282, 0.2336] Insulation_Tem p_deg .C: 17°c-23°cC

Draft-Preliminary Analysis
Confidential to IEEE SA and WG C57.12.00, C5712.90. Labeled by Ernesto Vega Janica (Sr.Mgr. IEEE SA)
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PF @ 20C Transformers >100MVA

HCL

0.8

CH CHL cL

Peak PF: 0.240 0.239 0.237
Lowest PF: 0.185 0.185 0.210
Average PF: 0.212 0.222 0.226
Std Deviation: 0.023 0.021 0.014

0.6

0.4

Total Sample: 148,470 Transformers
Transformers >100MVA: 8 (Class II)
0 Average kVA: 247,375

(0.2127, 0.2154] (0.2181, 0.2208] (0.2235, 0.2262] (0.2289, 0.2316] (0.2343, 0.237]
[0.21, 0.2127] (0.2154, 0.2181] (0.2208, 0.2235] (0.2262, 0.2289] (0.2316, 0.2343] Insulation Temp deg C: 17°c-23°C
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INSULATION RESISTANCE (MQ after 1min test)

CAUTION: Very Limited Data Provided

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND  (LV&GND) (HV&GND) (LV+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND

Peak IR: 0 83 110 0 0 2350 0]
Lowest IR: 0 25 32 0 0 51 0]

Average IR: #DIV/O0! #DIV/0! #DIV/O0! 1207 #DIV/O0!

Standard CAUTION: NO DATA PROVIDED
Deviation: #DIV/0! #DIV/0! #DIV/0! 1319 #DIV/0!

CLASS II Total Sample: 148,470 Transformers

Transformers >100MVA: 8 (Class II)
Average kVA: 247,375

Insulation_Temp_deg.C: 17°C-23°C
Draft-Preliminary Analysis
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REQUESTED CHARTS & INFO

DATA 148k* Transformers
SET Multiple Manufacturers
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IR @ 20C Transformers < 10KV

CAUTION: Very Limited Data Provided

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND (LV&GND) (HV&GND) (LV4+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND
Peak IR: 99302 64400 53060 0 0 0 0
Lowest IR: 445 2320 PASYAN 0] 0] 0 0
Average IR: 17756 17310 15772 #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Standard CAUTION: NO DATA PROVIDED
Deviation: 9552 26477 21089 #DIV/0! #DIV/0! #DIV/0! #DIV/0!
CH CHL CL Total Sample: 148,470 Transformers
Peak PF: 1.490 1.900 1.390 Transformers <10KV: 7,660
Lowest PF: 0.080 0.060 0.020 Average kVA: 328
Average PF: 0.406 0.479 0.293
Insulation_Temp_deg.C: 17°C-23°C

Std Deviation: 0.137 0.128 0.104

Draft-Preliminary Analysis
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IR @ 20C Transformers 10KV-230KV

CAUTION: Very Limited Data Provided

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV+TV)
GND (LV&GND) (HV&GND) (LV4+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND
Peak IR: 124000 191000 190000 21400 5940 5940 3960
Lowest IR: 525 11 9 1740 2784 70 2784
Average IR: 15211 44142 36519 5681 3551 3397
Standard
Deviation: 8398 54343 46830
CH CcHL cL Total Sample: 148,470 Transformers
Peak PF: 1.780 1.900 1.480 Transformers 10KV-230KV: 17,287
Lowest PF: 0.030 0.040 0.020 Average kVA: 1,354

Average PF: 0.423 0.500 0.297

Std Deviation: 0.139 0.165 0.110 Insulation_Temp_deg.C: 17°C-23°C

Draft-Preliminary Analysis
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IR @ 20C Transformers = 230KV

CAUTION: Very Limited Data Provided

(HV+LV)- HV- LV- HV- LV- TV- (HV+LV4TV)
GND (LV&GND) (HV&GND)| (LV4+TV+GND) (HV+TV+GND) (HV+LV+GND) -GND
Peak IR: 4230 6240 4200 3020 1480 2090 1970
Lowest IR: 3450 1890 2800 3020 1480 2090 1970
Average IR: 3840 4065 3500 3020 1480 2090 1970
Standard CAUTION: VERY LIMITED DATA PROVIDED
Deviation: 450 0 0 0) 0)
CH CcHL cL Total Sample: 148,470 Transformers
Peak PF: 0.267 0.250 0.290 Transformers = 230KV: 6
Lowest PF: 0.190 0.240 0.278 Average kVA: 109

Average PF: 0.226 0.246 0.283

Std Deviation: 0.035 0.005 0.006 Insulation_Temp_deg.C: 17°C-23°C
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