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Kittanut Taengko 2012: Weighted Score Risk Assessment for Power Transformers in
PEA Substations. Master of Engineering (Electrical Engineering), Major Field:
Electrical Engineering, Department of Electrical Engineering. Thesis Advisor:

Assistant Professor Parnjit Damrongkulkamjorn, Ph.D. 108 pages.

This thesis presents a risk assessment method for power transformers in central region
substations of Provincial Electricity Authority. Risk analysis method presented in this thesis is
the Weighted Score method. The maintenance data from 237 power transformers in central
region during the year 2008 to the year 2011, of which there were 153 damages, are used to
analyze the risk scores. The weights of the risk factors are assigned by experienced maintenance
crews. The risk assessment factors and scores are categorized with equal weight into 2 parts: the
history of the transformer; and the current condition of the transformer. The weighted scores
from both parts are plotted on a risk assessment matrix. The results are assessed into 3 levels:
risk; warning; and good. If the transformer is in risk level, the maintenance must be done
immediately and checked up again in 3 months. If the transformer is in warning level, the
maintenance should be done within 4 months and checked up again in 6 months. If the

transformer is in good level, the regular maintenance can be carried on.

The risk assessment method proposed in this research can be used by the maintenance
crews as an effective tool to create an efficient preventive maintenance plan for power

transformers in central region of Provincial Electricity Authority.
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2.2 Time Based Maintenance (TBM)
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4' () A a a a .
M319N 5 Msnangazialng (Fault Condition)

Fault Condition Gas
Overheat H,,CH,, C,H,, C,H,, C,H{
Arcing H, CH,,CH,, C,H, C.H,
Partial Discharge H, CH,, C,H,, C;H,

30 International Council on Large Electric Systems (1986)

q’ 7 (a (4] d' Y] 9 A
M3197 6 anlsunamanseusuldonnmsnaaouade (DGA Test)

Quality of Each Gas (ppm.) (max.)

Transformer Rating Total Quality of H, CH, CH, CH, CO CH,

Combustible Gases

Up to 275 kV.
Up to 10 MVA 1,000 400 200 300 300 300 non
Over 10 MVA 700 400 150 200 300 300 non
500 kV. 400 300 100 50 100 200  non

1311; International Council on Large Electric Systems (1986)
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Criterion Weight Score Remark (slgll’t]%la il N.H.2552)
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NAITNN 12
) Y
Internal Fault History ~ 4 A nieutlas lWihidunsesii lainy
Y
AnuAanssanelunavulusey 1
Y szauazuuun ldnaised 13
1 Y 4
Location 2 B wlouaslihmdunieciiaaaeg
A A a y A
TuNuRuATHENY SEAUAZIUUN
Y ~
1@anmsied 14
o w 4 yd
Manufacturer 1 B nieutlag IWihidunsesiinlu
Aa o 4 =l @ Sy v
Hand NI seauazuuui la
NATWN 15
Total History Score 18 3.06
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Remark (Yoya o 1 w.7.2553)

Criterion Weight Score
Condition Dielectric Breakdown 3 A

Test

Water Content Test 3 A

Dissolved Gas Analysis 3 A

Insulation Resistance 2 A

Test

Winding Resistance 2 A

Test

Turn Ratio Test 2 A

Winding Insulation 1.5 A

Power Factor Test

Oil Insulation 1.5 A

Power Factor Test

Total Condition Score 18 4.00

Ed
FUMINATDUNIADIAIU AD Main
Tank 11 OLTC 52@UAZUUUAN 1A

~
A1319N 16

Y

FUMINATDUNIADIAIU AD Main
[ [ d‘ Y

Tank H1 OLTC seauaztuuiné
NATNN 17

1 [ [ :l Y a 1 a
Tuwumaranlnihiunualnd

[ d' Y A
FEAUAZLUUUN 1AINAIT N 19

Y
AUNTNATOUNIA UL AD VA
A2ALTIGINVYADIAUITIA YAAIA
UIAGINUAY LazUAAIAUIIAINVAY

[ d' 9 d‘
SEAUAZUUUN IADINA1T 19N 20

Y
FUMINATDUNIADIAIU AD YA
AIAUIIGI HASUYAAIALTIAT TZA

Ay ¥ A
azuuun ldanasen 21
: 2 p
AuMsnageunsa e Ao iaie
wad uazad sedvuazuuuin'la
AANTIN 22

Y v
FUMINATDUNIALULL AD VAAIA
115999 3 Trina uazisad 1 Tnua

Y] A 9 A
FEAUAZUUUN ADINAITIN 23

Y

FIUNITNAFOUNIAIU AD Main
[ [ d' 9
Tank f1 OLTC 5&AUAZUUUN 19

MNAT19N 24
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R =
NIUANEIN 3

T doyandoudaslihmauniowialuaoil lufhuua nn 3 Tasiiisz3ams
W ludl wer. 2555 fe Wundoudas s idavuia 50 MVA sedunssdu 11523.1 kv
] 9 [
wiouas i duniosiinie Tvidiol] w.a. 2542 ¥raneuhgeinmmumszndonlag
o w 1 (] Jd a 1 a dgl =
TihsdaeTnangaga 36.5 MW linumgmssinnuransosnmeslunadulusen 17
1 Y 9 Y [
wioutlagInlihidunsesiidsegluiiuitmgusu uazwansusindoulas lihsduiiy
A o S 4 yyo o o 4 A~ =2 Yo
nquraanmal ulszma delasumsihgesnmaumnszilemouiiviay w.a. 2555 39l
doyaninszianmsiinu nazwannmsthgssnmamnszamaaeniazuunilseiiv

4
%

a an a A & Y a A v =
mmmmmmﬂmmna cm"lﬂwamiﬂizmummmm ANLIEANRINATINN 27

) 2
nioutlas s daluaail i ueieciilasumssaduanwmsiinu ldves
nioutlasliihisds Uszneudloazuuunin 2 dau fe azuuuswludiuve)se iams
o 9 o w qa/l A 1w £ ] I
MaveandeulasIihmdsusnuasinumin 2.83 deeglumaania nazazuuusuly
1 o 9 o w Y S 1w £ 1
dauvesanmmsimavesriouad lihiasluilgiuununuueulisumniu 3.67 ¥od
4 Y v
Tunaiithszds weshazuuuisdiinnlsaduanudssrdouas luihddaluaoi
A dy a 4 a A v @ Qsll a J a
T uaostiuumasndilszitiunnudos TasangadanuveanadonuuLmas nalsziiu
1 [l Y 1
anudes wurmdoudas Irlihsdeluaoii lfuaiocii Idazuuuilszidiuanudeseglu
J @ 3 o A = 9 1 1 A o 9/
naaifhsz s (Wamning) asn i 15 dandineznuusinludivveslsziamsiauvesndo
wdas Iihsdseyeglunaaiana Wuvuennui wifeutlasInihidaluanil lwih
] E4 [l Y
n3oatingg lasumsdsudgud lvludntianudadndmetuneluszezinag 4 @ou win
v A o Y, ~ @ a a 2 A ¥
Wuszeznaiimuandionimgmssinnudemomnaiuludiuouag vesrdeutasluih
1 v
faenn wagliithasmumamsiauvesndeudas lwihiasluaoil Wi uasotinn 6

=
DU

ninhmsthyssnmmumsziadeuiinau we. 2555 watsing udeutla
Y& luannd Iiadesil IdRamamsainnudemeiuludnvewndmienlas
(Main Tank) $39UA0UNTNYIAY W.A. 2555 117D Lﬁ@mq}mia'fmm?fﬂmﬂ;ﬁyuwﬁqmﬂ‘v‘hmﬁ
thyesnemdeutas IrihsdaluanilTfhamnssuds s dew dunmennud udeuas
Tthsrdaluaoil ihildasuuudssfiuanmdesedlunaaithse 31 a5 185ums

[ 9 1 d‘d a a A dgl A d! 9 Y=
ﬂiﬂﬂiﬂllﬂhlﬂlsluﬁﬁuﬂilﬂ’NﬂJWﬂﬂﬂmﬂﬂ"lluﬂwclui%ﬂ&’mW 4 199U KITOANADINUITNIT
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a { { o Ay YA IS [ o v Aa
Usziiuanudssiinaueluanudseil adlumsilestundoutaslwihmduiamamsal

a2 d%' = Y] [ 9 1 A a aa dg’ Y ya
ANMFeIeIUDN tazvasnnlsuliad lvludunlianuralndmedundl 1daaauma

msmnuvesndontlasIvihsidimn 6 ihou

History

20 15 05 0

4.0 35 3.0 15
Condition

M 15 watlszuanudsanioudad Iihdiduasosnitaluaail e avin.3 vu

a d a =
WATNFUsTUUANNT S
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M919N 27 wamsdszdiuanudsansouas liihsduaseanitaluaail Tudwe nwn.3

Criterion Weight Score Remark (slgll’t]%la il N.H.2555)
] J
History Age 4 C neutlag IWihidunsesiiareluil
w.A.2542 Hldame1g 137 szau
Ay ¥ A
Azuuui ldanmsian 9
Loading History 3 D niouaslwihmawua so Mva
1 a I
18 11angaga 36.5 MW aAatlu
S 2 4 1
wesisudmsaeIvanld 73.00%
Y Ay v ~
seavUaziuui ldanmsain 11
) Y
Inspection and 4 A niieutaslnlihiduaseetildsums
Maintenance MSIEIMINNTE sEauazuuu a
NAITNN 12
) Y
Internal Fault History ~ 4 A nieutlas lWihidunsesii lainy
Y
anuAanseamelunadulusey 1
Y szauazuuun ldnaised 13
1 Y 4
Location 2 C wlouaslihmdunieciiaaaeg
2 A o Ay Y
Tununwagusy seauazuuui la
AN 14
o w 4 yd
Manufacturer 1 A nieutlas IWihidunsesiiiu
a Y] L [ d‘
MRS N IUszme sEAUAZUUUN
£ A
1&91nansnen 15
Total History Score 18 2.83
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Criterion Weight Score Remark (Glgllﬂyjﬁ 'l we 2553)
Ed
Condition Dielectric Breakdown 3 A NIUMTNATDUNITDITIU ﬁi’) Main
Test Tank 11 OLTC 52@UAZUUUAN 1A
~
A15199 16
Water Content Test 3 C FuUMINaTaLeIa A Ao
o Ay ¥
OLTC 52AUAZUUUN 1A1AA1T19
A
ni7
Y
1 [ [ o w a 1 a
Dissolved Gas Analysis 3 A Tinumananlwihdwnuaing
Y] d' Y d'
FEAUAZLUUUN 1ADINAIT N 19
Y
Insulation Resistance 2 A FUNITNATOUNIANLLL AD VA
Test A7AUTIGINVVAAIAUITIA YADIA
UIAGINUAY LazUAAIAUIIAINVAY
[ d' 9 d‘
SEAUAZUUUN IADINA1T 19N 20
Y
Winding Resistance 2 A AUMINATBUNIEDIEIU D UA
Test AIAUIIG LAZUYAAIAUTIAT TZA
Ay ¥ A
azuuun ldanasen 21
Y
Turn Ratio Test 2 A FumMsnagaunIaule Ao ate
wad uazad sedvuazuuuin'la
AANTIN 22
Y v
Winding Insulation 1.5 A AUAINATOUNITULY Ao YARIA

Power Factor Test

Oil Insulation 1.5 A

Power Factor Test

Total Condition Score 18 3.67

115999 3 Trina uazisad 1 Tnua
Y] A 9 A
sEAUAZUUUAN 10910013197 23
4
HIUAINAGOUNIAIY A Main
[ [ Ay ¥
Tank /1 OLTC sz@unzuuuh 1a

MNAT19N 24
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a 4 [ = v A A o d?’ 9 o
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nnmsdsziuanudssdredsms Idazuuuanimming ldananised 1l
v 9
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2 Ay 9 ¥ Y ¢ 4 dd X o q Yy (awa "o 9
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Risk Assessment for Power Transformers in PEA Substations

Transformer Data
Imbstation : TP Fated Volrape : KW
Jerial No. Rared %t Impedance :
PEA Na. Load Mammfaernrer :
Jited PEA - Veotor : Operared Year :
Assessment
Aszessment Dare : By :
CRITERION WEIGHT SCORE
Age 4
Lrading Hizstory 3
Imspection and kizintenance 4
HISTORY Imternal Faulizs Histooy 4
Location 2
Mapafactuzer 1
TOTAL HISTORY SCORE 18
Dieleciric Breakdown Test 3
Water Cootent Test 3
Dizzolved gas azalyzis 3
Imsulaton Rezistance Test 2
CONDITION Winding Resistance Tes: 2
Turz Batic Tes X
Wieding Izmulation Fower Facior Test 15
(il Insulatica Power Factar Test 15
TOTAL CONDITION SCORE 18
Note

MWHUINA 11 deduuuesuilsziiuanudsadonilas Inihdda
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Risk Assessment for Power Transformers in PEA Substations

Hiztory Seore : Condition Seore :

History

Condition

o4
|:| PRI (Risk)
o - L.
|:| it vre $a (Waming)

A (Good)

MWHUINT N1 (AD)
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Risk Assessment for Power Transformers in PEA Substations
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Rizk Assessment for Power Transformers in PEA Substations

seAuRzmvl R uR DS

History
1. Age
a1q-ﬁ':|] smia TEAURSHNY
-3 4 A
410 4 B
11-20 4 C
TREE PR 4 D

1. Loading Hiztory

» " - .
saantas I @ daann 15 Mva

% arzawlvan siniA sTAUATINY
nosail 60% 3 A
§1% - 5% 3 B
&t - T 3 C
AT 0% 3 D

ssantas I @ daann 40 MIva

1 H - ur
Ya H-15|-|.'I1HT113F| HIHHA TEAURTEIHY
[ .
Woaa 3R 3 A
S0P - 607 3 B
1% - T: 3 C
AT 0% 3 |5

saantas I @ daann 50 MIva

% ansawlnan H1HtiR TEAUATINY
L3 -
UzEail 0% 3 A
0% - 500 3 B
Sl% - T 3 iC
wInT 1% 3 D
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Rizk Assessment for Power Transformers in PEA Substations

szduazmnnidizifiuanmdsg

i Inzpeedion zand Maintenames

¥ I TELEITE 1|i|'1:i15 yIAHI MR TEAURAEINY
-l
ately 12 Fau 4 A
- P |
1Ay 12 @ 4 C
4. Internal Fanles History
ATMb eI a1y AR TEAUAE NN
L
0T 4 A
L
1 A 4 B
L
Ih 4 C
-
W1 2 B 4 5]
5. Location
da = H w —
FOTUNAARY A TEAUALINY
- a0
R i B
ALY i C
AIAETHATIN 2 o
&, Manmfacourer
8 e § @ H w -
maRAxvmRIla TR FEAUALINY
rqu11.L|: EITIF 1 A
Az 17 1 B
L] L]
1 -] 5 =
AZuDIY | C
- onditi
1. Digleciaie Breakdown Test
HANINAZAY WA FEAUACINY
]
FTHTAHDAE I 3 A
1 ' 5 1 Il
MIMETH I RE TR 3 C
¥
Tigriazaesiy 3 5]
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Rizk Assessment for Power Transformers in PEA Substations
seduazuuvlszfivanmdog
2 Warer Coneent Test
HaATINATEY WML TEAUREINN
15
M AT E 3 A
: a
ST P ATE TR T 3 C
L5
Tk ey 3 D
3. Dissolved pas amalysis
HAATINAZAY SETHIELR TEAUAL I
TuwuAreudnauslas 3 A
o w W - .
wusTEraanRn TR L THA 3 B
o . - =
wudrardanunTlam 1 eun 3 C
=2 . ] - &
WU Eaaua1dnn 2 shaeu 3 D
4 Imsuladon Besisianee Tesc
HERTITAN Y TR TEALREI
1
LT AT 2 A
HTWETLILL 2 C
- & @
HTUILLIRET MDA THE 2 o
2 Windimg Resistance Test
HARTINAXEY MR TE LRSI
15
M AT E 2 A
5 )
s E T R AT N 2 C
15
T eay 2 D
& Turn Bato Test
HaATINATEY WML TEAUREINN
T aE e w 1 A
Hsas 1 C
' = - L
trwerdsmes wia i mme 2 i,
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seifwazinilszfuanumdag

7. Windimp Insulaton Power Faeror Test

HAAVINAZDY sniia TEAURZIY
T -
SuTAEILY 15 A
BT BT 1.5 B
HTd ALY 15 C
ai F ' .
STMIULIRET HID H M 15 D
8. 0il Imsulaton Power Factor Test
HAAVINAZDY sniia TEAURZIY
15
HIMY I EDAE I 15 A
: 4 -
[TIT -ty ET 15 C
15
Taitiriemnaau 1.5 O
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Substation Maintenance Section

wuuledu

1
Power Transformer Maintenance Department #8811
FEA M anufacharer Wolinge k¥, |TP
Cap, BVA | Vector Grp, ST Impedance

Ol Dielectric Breakdown Voltage Test Form

Sampld MR BLTC
1EC 156 1995 VIDE D37VE4
Chrdder Breakdnwn (kY] Breakilinm (kY.]

i

2

3

F
P

6
Aunds
o (1 pass=a0kv. TT  pass>aonv.
HEVA N1 —
L] tmproved < 40w ) ] iropeoved = do kv
[EC 156 1995+ Oap Dist. 2.50
WIDE OXTOR4  : Ciap Dt 2 50 mem,
Minlstmre Content 1 Maintank OLTC.
| Tiest Result (ppmm} =
Temp. (*c)
Result [] = pass 24 ppen. [ ] = pass 25 ppm.
Test sei
Moo
[rapocior Daie

H o [ J 1 g' % 9/ ' 2' g/ C Y
ﬂTWNTn!'Jﬂﬁ V1 G]'Jf]U'N!L‘U‘]J‘V\lf)illﬂﬂﬁﬂﬂﬂ"Iﬂ“l«l')“l«l“l«l'lllu‘ﬁilﬂllﬂﬁ\? Lm:muﬂuumuﬁua
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Substation Maintenance Section Illl'l.lﬂll{ll
Power Transformer Maintenance Department A I0EN9
Imformation of Transformer
| Subsatniion ; T™.: Dol facnare: :
Serial No. ! Cap. : MVA.  Vector Grp. :
PEA Na, ; Rated Vobtage : KV. S lmpedance :
Im: Otperation ¥ ear © Age: ¥rs,
Data of Sampling
ij.ilrgnm: Sampling T'oom: -
[ Test Dvic ;
nunuwnﬁu&-"'nhrﬁﬁml'mﬂmqmqnﬁmm
Component Gas (PPM) | AT003§ 14 (-abnermal} R mnrezam (PP}

1. H, (Hydrogen)

ll.':Erz {Carbon Diokide]

3. €O (Carbon Monaxide) T T

4. CH, (Meihane}

5. C,H, { Acetylene) )

[6. €4, (Eehylene)

. :J{,[Eun] -

8, €,H,{Propylene)

E.I...E',H, { Progane)

Dissalved Gas Analysis Test Sa

Mo

|||||||||||||||||||||||||||||||||||||||

a % I o a 4 a 2] oy o 9
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Substation Maintenance Section uuuvledu
Power Transformer Maintenance Department 'ﬁ".IEI-I;H
|pEa Manufacrrer Velmpe iV [TP.
|r:m MV A Vector Grp. S bmpodance
Insulation Reslstance Test Form
Vahue "
Terminals
i 1. P W 18w
HIL
H/G
LiG
Seardard > 1GW (] Ppaus [0 Enproved
ISy T P > 1,25 (] P (] tmproved
Tesulation Resistance Test Set
i b S s R
.............. l___ o

1 @ ' 4 1
ﬂTWN‘M'Jﬂﬁ U3 ﬂa'amm‘um\laim/mﬁ'emﬂ1m111ﬁ’mmuamuwffauﬂm
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]
Substation Maintenance Section uuunedu
Power Transformer Maintenance Department FieH14
| Marssfacturer Valmgs EYTP.
Cap MV AV ecsor Gimp, SC Impedance
Winding Resistance Test Form
AR AN 11407 44
wimmvouseninl wan s 01 (mW) | wsesade 02 (mW) | wesaaode 023 (mWw)
I
5 | v
; . S| [
4
>
3
- 1
i
5 —= =l — %
o I
i1
12 1
i3 S
i4
]
T
17 e
s mdns )
wna e i (mW) whe el 12 (mW) wan A o3 (mW)
Winding Insulation Test
m ..........
lispécion Diate

1 @ ' 4 1
ﬂTWN‘M'Jﬂﬁ Y4 mammnuwa‘mmﬁmm1mm§ﬁumumamwﬂauﬂm
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Substation Maintenance Section uuuvledu
Power Transformer Maintenance Department faeed
[substation PEA Marufacrurer Valtage kv, [
[ Serial o, Cap. MV A Vessor Grp. Ty —
Turm Ratio Test Form
Tap HY LY Cal. Phase A | % Ervor | Phose B | “.Error | Phase C | %% Errer
1
. \
1
i
5
3
7
i
e = =
o
T i
12 =] B — T
13
14
15
1]
et
Shandand Ervie < 0.5% compars wilh Cal. Vilee Result [ ] Pass ] trmgwoned
Tiars Rtis Test
Noge
Irspecior N [haee

$ @ v 4 @ v
ﬂ1WN1»!'Jﬂﬁ Us ﬂ'J’ﬂEJN!L‘]J‘U‘V‘IﬂﬁJVIﬂﬁﬂ’U’ﬂﬂi’lﬁluﬂlﬂa?ﬂﬂﬂ'ﬂllﬂﬁﬂ
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]
Substation Maintenance Section uuuvleiu
A L]
Power Transformer Maintenance Department fBE g
PEA Marufacturer Volmge w.|'n=.
Cap. MVA(Vector Grp, [ Tmpesdance
Insabition Power Factor Test Form
Winding Insulatien Pewer Factor Test
Terminaks Capacitance l
"i Pawer Facier |
Suppty | Probe A Mode C Viest uF.
LIST-A e 10 KV,
H L GST Cy G | 10K
GSTEA Ca 10KV,
L H GSTg-A c 1KY,
[UmsgTL IEEE 62-1995 cosf < 1% ] v [ Taisinu
Ol Impmlagiam Fower Factor Test
daeavil V. Capacitnmee (pF.) 4 Power Factor {cosf)
Miain tamik (LIST=A) 10KV,
OLTC (UST-A) KV,
UWTY U [EEE 62-1995 cosf < 1% [ fu [ i
Test Set
Mone
Irspecice e

H I Y
MAEUINH V6 gf’J'ﬂEJN!L‘]J“]J‘V\'@%JVIﬂﬁﬂ‘]Jﬂ'ILﬁE]Nﬁﬂ'lWﬂu'Ju"lJﬂa'Jﬂ HazAUIUITY
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Substation Maintenance Section Case Study

Power Transformer Maintenance Department No. 1

PEA mint  |[Manufacturer Tunlszone [Voltage 115/23.01 kv, |TP. I

Cap. 40 MVA.[VectorGrp,  Dynl  [S/C Impedance 8.8, 118,147

0l Dieleciric Breakdown Voltage Test Form

Sample Maintank OLTC
IEC 156 1995 VDE 0370/84
Order Breakdown (kV.,) Breakdown (kV.)

| 826 E0.4

2 7459 629

3 762 69.4

+ 819 fify. 6

5 T8.7 60.0

[ 523 653

Aunde 795 675
e 7] pessc 208, [ pass = 40kv,
HOVADBUR MDY
[] tmproved <40kv. [] improved=40kv)
1EC 156 1995 : Gap [dst. 2,50
VDE 0370084 : Gap Dist, 2,50 mim.
Muisture Content : Maintank OLTC.
Test Result (ppm. } 28 26
Temp. ("c) 1018 3162
Result Dtpessiippm. D < paigs 15 ppim.

Test set
Note

SN £ . 70 - - IO
Inspector Date

MWHUINi a1 wanmanaaeuniioudad Infdduasosnitaluaoil Infwua avin.1
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 1
Information of Transfarmer
[Subsatation TP. : I Manufacture : Thzmn
Serial No. Cap. : 40 MVA., Vector Grp. : Dyml
PEA Mo Rated Voliage | 115/23.1 KV,  SiCImpedance BB, 118,147
PEA : .1 Ciperation Year : 2536 Age: 19 Y5,
Data af Sampling
Sampling Date : n.m, 2553 Sampling Point : Main Tank
Test Date ; n.A. 2553
wamameryimfalninfumioua (Dissolved Gas Analysis, D.GA)
Component Gas (PPM) ANNATHIM (Abnermal) Fiuumsasa (PPM)

1. H, (Hydrogen) 1,000 0

2, CO, (Carbon Dioxide) 10,000 2,529

1, CO (Carbon Monaxide) 975 kL)

4, CH, (Methane) 430 2

5. C,H, { Acetylene) im 0

6. c:m' (Ethylene) w0 | 4

7. C,H, (Ethane) 430 I8

8. C,H,{Propylene) 430 1

9. C,H, (Propane) 430 6

Dissolved Gas Analysis Test Set

Note AT T AT e S
| Analyst By : ) Approved By

Gy e, 3 (], T st s

MWHUINT A1 (MD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 1
PEA ming  |Manufacturer  Twilizooe | Voltage 115/230 kv TP |
Cap. 40  MVA.|Vector Grp. Dynl  [S/C Impedance B8, 118,147
Insulation Resistance Test Form
Value L)
g in 1 min. in 10 min. w1 10/ it 1
H/L 532 6.8 131
H/G 78 114 146
LIG 3.7 59 1.59
Sandard > 1GW A pass [ tmproved
ineAIgI Pl > 1.25 a Pass 0 improved
Insulation Resistance Test Set
S A bk b b L S
swEEEISEEESSIEEESTEEESTEEEEY  arEsstrEssy n‘“‘ 2551
Inspector Date

MNHUINN A1 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 1
PEA fAnl  |Momufacturer  Twilszonm  |Voliage 115/230 kV.|TP 1
|E:p. 40 MVA.Vector Grp. Dwvnl S/C Impedance BE, 118, 147
Winding Resistance Test Form
Aty wanwiro HI (mW) | oo H2imW) | waadmrde B (mW)
1 942, 5593 0426
z 9269 5389 9292
| 3 Q129 | 9228 9156
F §98.4 907.7 W23
5 B86.2 902.9 8857
6 B0 R8O 8744
7 8553 8721 863.0
B B45.5 §30.9 8483
. T 8316 8359 8381 -
10 E46.0 BATE B4TE
] BSRA 8613 8625
12 8721 8805 g5
13 BE3.1 201.4 §89.9
14 963 0149 904.9
15 913.3- N 61"9_'2—-_ ) i_l']'.d 1
16 9249 9447 9144
17 9386 9569 K
yanoad s
wanmide xl (mW) wanie x2 (mW) v x3 (mW)
5.290 8.969 BATS
Winding Insulation Test
Note wnnTInAmeueg unuaind
nA, 255
Inspecior Date

MWHUINT A1 (MD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 1
[Substation PEA mind  [Menufacturer  Twilizm [Voltge 115/2301 kv, [TR |
fseriat Na. cap. 40 MVA|VectorGrp. Dynl S/ lmpedance 8.8, 118, 147
Turn Ratio Test Form

Tap Y LY Cal. Phase A | Y Error | Phase B | “%Error | Phase C | % Error
1| 126,500 23,100 | G488 9,468 0177 9.458 0177 B.460 0177
2 125,060 3,100 g.ary 9,383 0,147 0,363 £0.147 0.363 0,147
3| 1mgw0 | 23000 | o270 | 8257 0138 8257 | 0138 | B257 0.136
4| 122190 23,100 9,162 8,152 0106 8.152 -0.105 8,152 -0.108
51 120,750 23,100 | @054 9047 0073 | 8047 | 073 B.047 0,073
6 | 119310 23,100 8,048 B.042 0041 B.942 0.041 B.942 0.041
T 1n7gso 23,100 | 6838 B.538 -0.028 8,836 0.028 8530 0,028
8| usso | nioo fe7eo | a7er [ ooos | e7o1 | ooos | e7st | ooos
2 | 115000 23,100 BE23 8525 0,040 8,526 0,040 8626 0.040
10| 113,560 273,100 | 8515 a.52 0,064 B.52 0.064 B52 0.064
1| 112,130 23,100 8407 B.415 0.001 a415 0.001 8415 0.021
12| j10690 23,000 | B299 a31 0128 8.31 0.128 a.31 0.128
13 109250 23,100 | 8191 B.204 0,164 8.204 0.154 B.204 0,154
14| 107810 23,100 8.083 A.058 0,193 8.088 0.183 8,095 0.193
15| 106380 23,100 TOTE 7004 0223 7.904 0223 7994 0.223
16 | 104,940 23,100 7 BE8 7.588 0251 7.888 0.251 7.888 0.251
17| 103,500 23,100 7.780 7.783 0293 7.783 0.203 7783 0.203

Standard Error < 0.5% compare with Cal. Value Result E Pass D Improved

Turm Ratio Test 7

Note HEMINATBUNUINAATg Y

Inspecion Date

MNHUINN A1 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 1
PEA  min]  |Manufacturer TutlszmalVolage  115/23.1 kV|TP. 1

|cap. 40 MVA. |VestorGrp.  Dyni

S/C Impedance B 118 147

Insulation Power Factor Test Form

Winding Insulation Power Facior Tesi
Terminals Capacitance
%a Pawer Factor (cosl)
Supply | Probe A Mode c Viest aF.
LST-A Cp 10KV, 6.4596 0.0608
H L GST €y +Cyq | 10KV. 10,0913 0.0772
GSTE-A Cig 10KY. 3.632 0.1 i{ﬁ il
L H GSTg-A G 10KV, 16961 0.1041
WA [EEE 62-1998 cosf < 1% & fdw [ s
il Insulation Pewer Facter Test
fredaiii Vo, Capacitance (pF.) w4 Power Factor (cosf)
Main tank (UST-A) 10KV, 141915 0.0667
OLTC (UST-A) 1KY, 143,553 0.0431
WU IEEE 62-1995 cosf < 1% M s [ s
Test Set
Note o . e

nA, 2553

Date

MNHUINN A1 (AD)



MANHIN

= A
WNANITANEINTUN 2

94



95

V™ Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 2
Joutmtaticn PEA  min2  |[Msmficwre  glnl  [Volmge 1157230 WV, (TR 2
Jserial M. Cap. 50 MVA[Vector Grp Dynl  |ST Impedance £.51, 8.07. 792
il Dielecirle Breakdown Volinge Test Farm
Sample Maintank OLTC
IEC 156 1992 VINE B3 70B4
Oirder Hreakdown kY] Breakdawn (l¥.)
I 24 .8
. 1 9.0 653
2 T I ik i
4 L) (8]
s 619 — 450
] HOLE Lt
Ainiy - 5.3 - 8.3
pass > 40 kY. pass > 40 kY,
!I."I'ﬂﬂl.'l'ﬂ'l.rﬁﬂﬂtl Ej -Mm;iﬂﬁ. D I|'|'r|;|'-|;|wl:|-='n!!|i:'|."
IEC 156 1995  : Gap Dist 250
NYDEUTORS _: Cep Deet, 250 mm.
Muisture Content : Maimizik OLTE.
Test Result (ppen,) 34 3
Temp. (%) 3230 295s
Result [ = pass 25 ppre. [ <pess 25 ppun.
Teat st
Moie HORINATOUH U Ty Ty ;
; LV o 1, - S
Imspocior i

MNEUIND 91 Waﬂ'l‘i‘1/l§°‘lﬁﬂﬂﬂﬁﬂllﬂﬁ\i]{lwﬁ'lﬁ'laﬂmgﬂQﬂﬁﬂuﬁﬂ']ﬁ"lWﬁ']L"Uﬁ avln.2
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 2
Informatisn of Tramsformer
oo - T, 2 Wismlacture : yinl
Mo Cap. : 0 MVA.  VecorGm.: Dyml
PEA Mo - Rated Voltage H5/231 KV,  SCImpedsse:  B.51,£47,792
PEA rvin.2 Oiperation Year : 2518 Ape! 17 ¥re
Dats of Sampling
|Sampting Dhate : A, 2553 Sampling Point - Main Tank
Test Diate : A, 2552
smmame et e usiahvadsiyes (Diselved Gas Analyss, DUG.A)
Campanent Gas (PPM) | Amxsmagni (-abnormal) Piumunviazamw (PPM)

1. H, (Hydrogen) 1,000 (]

200, CatonDicmide) | 10,000 s

1. 00 {Carbon Moncxide) s %

4. CH, (Methane) 100 b2}

5. M, [ Acetylene) as ]

&, C,H, (Etfylene) 190 1

7. CH, (Ethane) ) 2

B C,H,[Propylens) ) Pl

e N

Diissolved Gas Anadysis Test Set

Aralyal By Approved By :
Date .0, 2552 ..;:ﬁn-lﬁﬂ
——

MWHUING 91 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 2
PEA, min2  |[Mewficnre  glnd | Volbge 15/ W |TR. 2
Cap, o MVA[Vecior Grp, Dnmi |5'-"E Impesdance B51, £.07, 792
Insulation Hesistamce Test Form
Valse F
S im | mim, in 18 min. 'Inl'l'“'lln"l-l'l“l
H/L i3 9.5 168
H/G 15.7 J9.8 126
LIG 13 B4 646
Saamdard > 1GW cE [ improved
AT TN P > 124 & r (] impeoved
Imsulation Resistance Test Set
Naie RIS AR LU ST AT TH
PTRRE e B s 7 S
Inspector e

MNHUINN 41 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Depariment No.2

IPEA N2 |Manfscmurer yind

Volmge 1057330 EV. TP 1

I[‘:p. 50 MYA|Voctor O Dwml ST Impodaece 451,807, 702
Whvding Reststance Test Form
Aurmdanthl oA B (mW) | Wi B2 imW) | eeeeode B (oW
¥ 1,156.% 1,153 1.047.3
1 11340 REA] L1256
] 1135 [KICEN s
4 i,1003 CLe2E 10830
= kD [ 658 10713
= & 1503 1g0 175
7 |028.7 10065 L0
1 1.008.2 1,006.6 1000 &
[} 0864 [TRE] [T ]
10 10078 1,0078 00§
1 1] I TER (k]
i2 0544 10837 1T s
] 5B & D LOTEsS
S 1,906 L0916 L0871
T T LIl TLILLE LIo7e
T LIaT L1346 L1313
17 11539 11537 11543
wmnd iy
wAE IR 11 (mW) wAmIRR 12 (mW) w8 (mW)
1154 175 1.82
W iniding Insulation Test
Kole nnnnﬂnmmrj'lum-#uni
mep— — R . . 1 = S
Irspector Date

MNHUINA 21 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 2
[substation PEA  min2  [Maucwer  gInd Vol 115/330 kv, [ 2
| Serial Mo, Cap. 40 MV AL Vieetor Girp, Dynl ST Impodarce B.51, .07, 792
Turn Batio Test Form
Tap ny LV Cal Phase A | % Error | Phase B | “GError | Fhase C | % Error
|| 126500 20000 | g4 Q4™ L4t 9478 AT 0,47 061
2] msee0 | 2000 | 3w | e | oo | 93 | em | e | e
A mex | ;oo | e | saer | 00k | 9262 | 002 | 9268 | 0001
4 | 122190 oo | s R LT 083 9,154 0,081 9,155 {072
5| 120,750 20000 | s 0 R4 2,044 0,084 9447 <0m
6 | 119310 200 | BME A58 1 0R LT {086 A 4075
¥ 117,580 23,100 HAE3E #5830 <ras £330 <056 LEW 106
i 6440 | 2000 | &m0 | &1 17 LR {007 LT ~A1.097
§ 115,000 IL_IW 8623 a6l4 {1 Bala 9 £4)4 1 {ER)
0] ussen | oo | wsis | wsos | atoo | w6 | dio | sss | i
W] nmzpo | 2000 | sao7 | B30 | o | 8398 | 04n | EMeE ) -ain
12| jpossd 16K f.200 B.200 N TE] 2.2%0 41,113 £ ERTE]
13| ez 3,100 B.191 B.1R2 Sl | LY Rix 115 8] ) 115
14 jovag i [ 1] H.083 Hid aus fond L1106 §.0r74 L6
131 wwess0 | 23,000 | 7o | 7966 | -oum | 798 | uzm | 7966 | 01
6] 14340 | 23000 | 7.868 7890 oo 1458 1,130 1A =130
17T ioss00 000 | 7760 7.750 0132 7,750 0032 | 770 0,032
| Standard Error < 005%: compare with Cal, Valoe Resull E Prss D Improved
Turm Ratio Test
Wiste TR UL TR TY I
T Y 1 {5
Irspecion Daie

MNEUINN 1 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 2
PEA  nmna Mamsfociurer 171 [Volinge 1157330 VTR, 2
Cap. 30 MVA, |VecorGrp,  Dwml IE-TJIMM: 8,51, 807, T892
Insulatian Power Factor Test Form
Winding Insulstion Pevwer Factar Tes
Terminals Capacitnnce
Supply | Probe A Mude C Viest uF.
LIST-A TS oKy 5307 00748
RS e e = [ S .
H L. GsT €yt Cny | 10KV 1267 01237
GETgA " 1KY, LEBO 01651
L H GETEA Co 1KY, 11,285 01134
AT TEEE 62-1995 conf < 1% A o [ i
M1 Insmbstion Pewer Factor T
At it Vot Capaclmmee (pF.) %% Power Factar {omsf
Mitim tark (UST-A) 10KV, 143,501 00244
OLTC (UST-A) 10KV, 142 963 D02t7
{3y IEEE 62-1995 cosf < 1% O i [ s
Test Set
e HONTITRTRLHT LRI T
............................... MR AN,
Imspecior e
MNHUINN 1 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 3
Satisiatian FEA oW [Maufcearer Tutlagin fVolisge 1157230 kv |Ti‘. 1
[5erial Me Cep. 1 MVA|Veuior G Byl £C Impednance H.65, 1153, 1442
il Diclectrie Breakdown YVioltage Test Form
Bk MR UL
IEC 156 1995 VDE G5TVE4
Order Breakdown (kY. Breskedown (V)
046 515
F. BH.2 4.8
3 hid 49.5
4 733 a4
L] 412 4146
L 014 174
s e fid (1 132
= V] pass>HIkv. ¥ pass=sukv.
HAMRT U AIROE
[]  tmproved <40 kv []  tmproved < #0kv
[EC 156 1995 Gap Disi. 250
VDEUITEY  c Cigp Disi, 350
Muistmre Content 1 Malmtank OLTC.
Test Result (ppm.) ] 24
Temg. *c) 1565 ]
Resuh I:l < piss 25 ppm E <= paas 15 ppin

Teat =i

Inspecear [ime

B T L

MNHUINT 91 wamsnaaeuvoutlaslifdidunieanitaluanil liwa avn.3
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 3
Informotion of Transfarmer
Sibsatation ¢ T, : 2 Mmnufncture - Tutlyzme
eerball Mo, Cag, : 0 MVA Vil G, - [rynl
PEA Mo : Rated Vishinge 119423, I Impedance BGS, 11.53, 14.42
FEA v D'perulin.n ‘:'_ur f 2542 .H.g-r 1 I.3. Y
— Data of Sampling I
Smpding Dass ; fm. 2334 Sampling Poini Muin Tank
Tess Disde ; fim. 2433
wamamsurmFanmie hobdnmisnioe (Disselved Gas Analysls, ILG.A)
Component Gus (PPM) [ Anomag i i>abnarmali USumamTez o (FPM)
L. H, (Hydrogen) | 00 12
2. 00, {Carbon Divxide) 1 CL0H0 7097
L O I arken Monoslded ELHY 133
4, CH, IMethare | a0 1
5, O H, (Acerylene) b a
fi, O H, {Eshylensh 0 14
7.0 H, (Ethane] 0 2
8. C H,{Propylene) 240 n
9, C,H, (Propane) 200 B4
Dissalved Gas Ansibysis Test Set
MNole HI.'Iﬂ'I!:l-'I-H.'.HEIUIiI'I-HI'IEiIJTHFITH
Analyst By : Approved By
S T S A .

MWHUINT 21 (AD)



104

Substation Maintenance Section

Power Transformer Maintenance Department

Case Study

No. 3

"I?Sul:ulalil:l:l PEA

.3

IMamficnrer  Wakyzmer

Volmpe 115/23.1

iV, |1'[-. 2

;Szrinl M, Lap

0 MVA

Vechor (.

Dyl

SC Impedance

43, 1153, 14,43

Insulation Resistunce Test Form

Terminals

Ve

Ll

Im | min.

AT A0

HrL

H G

440

14

6.3

1.6

5.3

L.58

13T

| o

Stundard = 1GW IE‘ Pass [ tmpoeed

iIRIg T Pl = 1.5 E Pass O improved

Imaulacion Resisanes Tes S

Mote HANT nnnﬂuihulnwﬁmnum

fl.n 2555

Dlst=

MNHUINN 21 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department Na. 3
4 'l
Substation PEA and  [Mefcwre  Tilizien [Volage 1157210 t".l'.lTP 2
Senal Mo Cap. 5 MVA [ Verior Grp. Dymal S Impedarce B85, 1153, 1442
Winding Resistance Test Form
Aunniatl | wamsamle 0 (W) | veesaodo 02 (wW) | saeaale 03 (W)
| el 9754 §53,6
1 T4 U444 gz
3 5373 035§ 6171
1 506, B D059 KOS
5 BT 90T 799
f 6K 4 724 KAl 3
T ELR.E H51s xR
i 220.8 B14.4 R23.0
2 §05.8 BLOLE Hibt.4
i £29,2 B35 (RER]
I B47.5 Hi42 B 6
i3 B, B73.1 Bt 1
K] ERS 8 [T} BELS
14 5.1 G114 H983
15 9227 515 gan3
I 01,7 G559 U364
7 P4 F773 4551
yapand e
sanwara 1 (mw) wamIe 12 (mwW) w3 (mw)
11,196 H. 5 L4735
Winding Insalstion Tesa
Mate non T wRraLog lunusing
e 1 e L (]

[nspecior

MNHUINN 21 (D)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department
MNo. 3
PEA in3 Monufacturer WithemA [Volmge 1150230 kY. [TR 2
Cap, 50 KV |Vecior G Dyl BT Impedaree HES, 11,43, 1442
Turn Ratio Test Form
Tap HY LY Cal. Phase A | % Error | Phase B | %Error | Phose C | % Ercor
L] 126800 300 | 948 9504 213 9,505 0213 9.505 0,211
2| 125060 mim | oean 9,357 §31% 4,397 0219 9,357 0.21%
3| 1zsan 1300 | 03 | 9287 . 158 0,287 .18 9,257 1.158
4 | 172180 REN 11 AT o178 0179 9,178 0179 0,18 017
5| 120,750 13000 | wosd a7 0151 4.0 0.181 0.0 .11
6 | 119310 13000 | A 962 0,183 B.O62 0,183 562 0,153
7 117.R80 13,100 4538 L8 LT 0178 LB A2 017 BEss 0.17a
B | 116440 mim | arse £.745 1646 B.74% 0.166 B, 745 0.185
2 150 100 | 4613 A6 1158 BB 0.156 B.634 {156
I 113580 mi0a | As1s E42% 158 B.53% f1.15% B.51% 0,158
I} 112030 00 | H4a7 fA20 151 B4 a.151 B.470 151
2] 1as0 000 | B2ew B ik, 140 B.311 0,140 B30 1,140
11 me3sa o | Al k.23 ik, 1241 B.202 130 B.202 130
141 s 100 | moE B TEN H.054 0131 Birad 11
I3 1M, 380 13, 1) 1976 7085 {110 7.0Es N E] T8RS LR
161 4 o | 7E6E TETT i1l TE7T 0111 781 I
I} 3so0 00 | Tren | Ted it Bl 7,764 e e 048
Standard Error < {1,.4% eompare with Cal. Vilue Resili @ Prss ] tmprovea
Tum Rafio Test
s AP T "““"‘!‘.".'.““”"i‘”‘f'“"'h mym .
Inspecior Dale

MNHUINN 21 (AD)
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Substation Maintenance Section Case Study
Power Transformer Maintenance Department No. 3
lrEa e Marmfacturer Tatyzma Voltage 1187250 VTR 3
Cap. 5 MVA  (Vecior Om. Dyl S840 Impedance . 885, 1153, 14.42
Insilathon Power Foctor Testl Form
Winding Insubatbon Pewey Fagior Tesd
Terminsls Capscitance [J
M Panier Facler (ros
Smpply | Probe & WEoile c Vit aF,
UST-A i 10 EY, £.5743 RELT
H L asT Cip+ o | 10KY 12718 01544
'G'ETE-.H I:“II 1 EV, 41423 L1696
L H G5 TgA = EY. 126676 (8 ]
UINIT [EEE 62-1995 cosf < |% E i [ ] T
il Imsullation Pevsr Factor Test
i amal v i Yy Crpacitance (pF.) % Power Factar (coaD)
Main ok {UST-A) 10KV, 44,754 LT
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