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A Study on the Reliability of Failure Diagnosis Methods of Oil Filled Transformer
using Actual Dissolved Gas Concentration

R M I A A S T
(Jin-Yeub Park * Soo-Hwan Chin * In-Kyoo Park)

Abstract - Large Power transformer is a complex and critical component of power plant and consists of cellulosic
paper, insulation oil, core, coil etc. Insulation materials of transformer and related equipment break down to liberate
dissolved gas due to corona, partial discharge, pyrolysis or thermal decomposition. The dissolved gas kinds can be
related to the type of electrical faults, and the rate of gas generation can indicate the severity of the fault. The
identities of gases being generated are using very useful to decide the condition of transformation status. Therefore
dissolved gas analysis is one of the best condition monitoring methods for power transformer. Also, on-line multi-gas
analyzer has been developed and installed to monitor the condition of critical transformers. Rogers method, IEC method,
key gas method and Duval Triangle method are used to failure diagnosis typically, and those methods are using the
ratio or kinds of dissolved gas to evaluate the condition of transformer.

This paper analyzes the reliability of transformer diagnostic methods considering actual dissolved gas concentration.
Fault diagnosis is performed based on the dissolved gas of five transformers which experienced various fault
respectively in the field, and the diagnosis result is compared with the actual off-line fault analysis. In this comparison
result, Diagnostic methods using dissolved gas ratio like Rogers method, IEC method are sometimes fall outside the ratio
code and no diagnosis but Duval triangle method and Key gas method is correct comparatively.
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1.4 =2 Dornenburg ¥, Rogers ¥ % IEC9] 7F2=Ad#H] ek
& A7 dglol 2o FAG WA FETUtx T AV
2 Wetrle] HAER A S E A, ddA, =Y 29 A4#¥E CHyH;, CHy/CoHy CoHo/CHu, CoHg/CoHa,
2 HE Aol T& Wty wys £ uFon wb CoHy/CoHgel 57HA1 2 F&3te] ol A&n] F A 7HA &
AEe 4 T olzmd o) BaEHN Fa(Hy), ditste =l 7HA AERE o] &3t Hehgt)
2(CO), O]*J@r%i(COz), W €H(CHy), l&HC:He), gzl
(CoHy), AR A (CoHy), Z2A(CHy) 5 2% 7125 A NUYNARS AT BEA 2
shA == 1% fE7t2etn Ft olE fEVlAE 1 FeyEsd 2
Y 13 pol £xol wel wAEE 9 ER/b 2wy [T oz
o] G2 tasn 7 2 AN S o] 83lo W
7] AE W wFe Awa 5 Ark[123]
HZoe Hg7I7E 4 521 A H(on-line)oll A 8F <] wercHy 5
7t FEE A BAEY dusts 289 B4 A o 1 v
AEo] EAFE 5 FYAESY] A GELH F FFU OIEHC,He) =
% olgd Agyol Az4o] 714 3 @ol o] g¥ 1 e |
g}\q—[5] Of| RRI(C,HY) CH, > CH, I
Getasme ol 8@ wgAY PyelE IEEE e
H(Dornenburg, Rogers, @47} o] &1 H) IECe 7}2A] o T e onercm
BH] Xy 2 Duval Triangle ¥ So] lEdl, o% 1eas
38 1 HodF 250 wWE JtAaM ofE[4)
CA 8 A grdT ?Lo ALz - AL 7]EA Fig. 1 Gas generation patterns as Oil TEMP.
EEREEREEEE ragaarn A9SAE - )
NI ICE %J$°;%ogo§] ﬂ; iﬁg?%oikhnpmkr A 2 o8 AR FF/HE F Hy, CO, CH,
HAedA 2011 6€ 19 CoHs, CoHi, CoHp®l 67F4] #AI7F2=9] Fha v &S o] &
HE9 1 20119 8¢ 3¢ sleo] sl 9lew, Duval Triangle WS CHAY 7}

114



2 CHy ColHu®t CoHp Al 7FA] 7F2=9] AFgiAl vl &S
Duval Triangleoll #Alsle] Al 7}A] 7F2A 8 v &o] W

T Ag Ao o]gsta Utk

WoeRel s A4 el WANR 5749 vlgwg
% WeR duHow wol Agshe tagrtay

£ o]&3 Rogers ¥, IEC ¥ A7~ E o] &3 ey
CHAE 7F2=9 A9l H| &S o]&3+= Duval Triangle
He HEste] st Aol AA nFNE&S vaste] f

Fh2E olg@ WY WY AP BAFGch

21 #SJIAE ol 8¢t @A 4y

2.1.1 Rogers H

Fo7t2% FAa(Hy), WEHCHY), oEHCHs), ol 2 H(CoHy),
obAE &l (CoHo) o 57FA1 9] 7k 7k AREuE o] &ste
B o2 R1=CHy/H; R2=C,Hy/CoHj R3=CoH,/C-He® #<S
Take] AEnlel wel F 13 o] 67149 Case® 1S

Awa 5 gl

E: 1 Rogers #2o| JtA MEd|of w2 D&l

Table 1 Fault causes as gas ratio of Rogers method

Case R1 R2 R3 a9l
>0.1
<01 | <1 4
0 <10 0 0 44
A oy o}
1 <01 | <01 | <10 (rmr)
0.1- 0.1- I oy A o}
2 >3.0
1.0 3.0 (A)
>0.1 1.0-
: <0.1 Ae g
3 <1.0 0 3.0 1 +
1.0- .
4 >10 | <01 50 1239 (<700°C)
5 >10 | <01 | >30 1234 (>700C)
212 IEC H
IECY = Rogers ¥} zro] 571x1¢] 717t~ e HEE
] ]

o] &3 AENE o8y nFS Wusy ® 29} Po
ool we} 67122 Case® L% A

i 2 |[EC #Heol 7t MEd|of wE nFael
Table 2 Fault cause as gas ratio of IEC method
Case | Rl R2 R3 DA W]
PD <0.1 NS* <02 | FE&wA
D1 | 01-05 >1 >1 Ao | x| w
D2 01-1 |06-25| >2 1 RE PR
1 [7LPU NS | <1 | sreer<sont)
NS
T2 >1 <0.1 1-4 HE(300TC<T<700C)
T3 >1 <0.2" >4 L (T>7007C)

x NS=o]' gho] = #HA|8le,
sl E A (CoHp) 9] % 7F= Hot Spot %7} 1000T o] 4

g o

Trans. KIEE. Vol. 60P, No. 3, SEP., 2011

2.1.3 Duval Triangle'H

W EHCHy), o2 A (CoHy), oFAIE A (Coay) 2l Al 7FA]
b9 WE-g AEHE A4S & Duval Triangleo] %
3to] S Awdt= ¥Holtk Duval Triangled 2 <
wth 7157F BAE Y glow Z shmo] wiEg AEH|
a9 29 Duval Triangleo] 2K o =& FA|ste] Al 2 Ao]
Thts d99 7|E7F 1 37 Zo] Wty ngddS YE
itk ZF 7b~9] 72 %%=7F 1.0ppm, 2.0ppm, 1.5ppme]&td
oM E M2 wiEE AEHE %CH: = 1.5/(1.0+1.5+2.0)
x 100 = 334%7} =9, wg 2 ojedarpro] Mg AR
v = 47 22.2%, 44.4%7}F ¥tk

) o

|

a8 2 Duval AtztsitH

Fig. 2 Duval Triangle

A
o

I~

E: 3 Duval Triangle @& 1nZH&
Table 3 Fault cause each range of Duval Triangle

349 o % i
I T T L
e U
<9z g PR, dd
DI | Aoy | Aol A& == a3y A,
Adfo] @224 g4
AAX mE dAAfoqe] o
UA (o2 ), AR e &
D2 | AeluAHA | & &4 4% A %
it I B =
2k, b el Wy A fR
Tl 74 HAAXE HAA T AYG(>200C)
T<300C etsl A1 7 (>300C)
74 dAXY w3, dAfd @A
T2 300<T<700C | =4 ¥A
e Ay B BAEA A,
T3 JTJ;oo"c T4 WAR00T), T &3l
(>1,000C)

=
QUhnE ol§F AWHWE I

=
CHy, CoHs, CoHu, CoHo® 6714 & 417F2~e] oA o

&5
o]&38led 4714 Case®Z Hwtsl WHOo=Z 7} Case®d %
bz BE W ES ¥ 49 Pk

115



HM7|&s =gX 60PA 3= 2011 9¥

E: 3 4 ZFlch Case ¥ s AlJtAol AMNAE H[2(%)

Table 4 Ratio of key gases each diagnostic case

Case CO Ho CHy CoHg CoHy CoHo
Al

. - 2 16 19 63 -
Add=

v}oag 92 B B B B B
FZ2 - 85 13 1

o4 - 60 5 2 3 30%
F) ot FEbs

22 nZF Al et ZlctAE H

221 HAY| ItE HAM g I &4 (A 1)

AAF WAL SUYHFYTIRA & 3B3MVA, HH|
20.9/345kVE zb= 294 WHY7le] BA H HE F57h=

FEE F4(H) 704ppm , LAFSFEA(CO) 115ppm, &
(CHy) 251ppm, ol 8H(CoHg) 249ppm, €A (C.Hy) 278ppm,
b AR A (CoHy) Oppmel Ath 572 7FdAd7h2=o] A EH &=
R1=0.36, R2=0, R3=1.1% Rogers ¥< #&3H A} gd=E
s, [EC e A8t A& Case’t glvh. 17
3 W 'H(CHy), NEM(CoHy), FHMEMCHS Al 7FA
Tt~ WMEE A= A7 47%, 53% B 0%°] 2=
33 #Zo] Duval Triangled] FAEWH A 71x] @lig A
7b BA = Fde] T3 996 s & F ,
o)at Wgt7]el 700Co| e Bdo] FAE ol dA
gdarEde] AFEHIL F5o] WA g & %
Ak 1Ela 6714 ATk AgEu7E 77 7%,
6%, 16%, 17% % 0%%2 F27F~
T AAR X 49 vlastd AAf Hgel o
% FJr ””‘37}’\4 Z%—E frAbsth A7k Ao A
7

=

>N gE 2 Ar o

I
W

Mo >
p

o o
i}
iy 4
iy
)
)

1o£rgém$rxlo\°rﬁrlo
e
N
N

o % m
i rﬁ

M 2 &

B b

o ., 1o ofy g
off
k1

_YJ_,
e
(o}

2 r
o,
ox
o
=
-z
o B

B2 g
2 Kl
=2 e ™

e

u

Y-

b e
me pZ O i o

=2,
50}
@
(8}

IS

f
o
f
-

2
17
(5

Ao 2
N
@
£
IS
off

L f

g

(o3

OO~700°C AE
A

oX P o it 3@ mi
P
lo =
fu
o
i)

et togh
ofr
)
b4
ot
r 0 -

3o o
B
F
w
o
K
o)
rl
o
o
-
w
o —
2 2
10 o2

60
-« % CyH>

H o = iz
Uy 2 HE EA

a8 3 Ak 12
Fig. 3 Duval Triangle of Case 1

116

ag 4 1

Fig. 4 Ta

HAFW SaEdo A, Zdol 93 FEo] Wal/Ego]
EwrE At 218y Rogers B IEC §, AA7FAE o] &
gt JgA et ELXsAY &g o] of H it

222 H4H HEF oAM= 2)

WHP e A SAVAVIEA & 277TMVA, WG]
20.9/345kVE Zt= Het71Y fErte vEE Fa
(H2) 19ppm, YAF3}EHA(CO) 183ppm, ™ EHCH,) 198ppm,
A €HCoHs) 79ppm, & #:N(C.Hy) 298ppm, oFAIE #1(CoH,)
Oppmo. & o" M7t Frgolrt 5717 7hd g7z i
HZ F3ld R1=104, R2=0, R3=3.77% Rogers W< 700C
ol n23d [ECH2 300~700CH L] FE= A=A
o, AXTtxo AEZL ZHZE 3%, 24%, 25%, 10%, 38%,
0% olB= dAF Hdel 93] 7tx=rt #A4d Aoz e

v, a8 wlEH(CHy), olE#:(CHy), oFAIE A (CH)7b
20| Al 7HA FETFA0 MBS AEHE 22 40%, 60% 2

37 5 Azl 29| HEE HEEA
2

Fig. 5 Duval Triangle of Case

28 6 "o nh o Wy

Fig. 6 Core heating and discoloration



0%°] 22 Duval Triangledl] 3¥A]3H 7 59 o] A 7}
A WEE AR AAE o] T3 e qorm Aby
13 o] ®WigH7lel 700TColde] o] AR AAFU
B2 gaxEde] AHHIL 5ol WA 9 faE A=
2= ek

sk g 3o w wk

z
wol A4l Yoke obe Leg :oprh whib HgolA

o AERE &% 7k A

Aeasel A,

=

olEyg el WAL FHWGIIEA &7 3B3MVA, Wty
20.9/765kVE ZtE 29 RIZIE x7] ZFEA 28 )
25847 AAZ T 2" 739 Zo] ofAEA(CH) 7T
FASA Frtete] ZutE FAE Ao, AA F FF7t
25 BA% A3 F4(H) 73ppm, EAHEFERA(CO) 100ppm,
W EeHCHy) 26ppm, ©ll €H(CoHe)12ppm, ol & &(CHy) 15ppm,
ol & €W (CoHy) 79ppme] A = At}

o

100030 _— r = T — - 18000

T T T 1eam0
S R B Sy MR . - @ Hyarcgen ()

v @O ©2)

| | §n
- e e s o)

B Ehre(C2HG)
g @ Eyiene (T248)
2 9 ueymerc

S oo — — ; ; Z=)
§ e ——— — == snnn§ Nitrogen (2)
= ——— ! & imes
i ! ‘ ‘ ! ! an e
‘ Loodouide
L Ankiert Temo (°C)
= 4:20maSesor |
42maSenson 2

| | | |

am 42maSensor 3

I
| |

o0 | | !

201221 WO0E A% 2T WA A2 BT (L

& m 2H W 2H1200 28120 2810 81200 ik

8 7 Al 39 2EIIJIAZEMT| JtAsE HE)

Fig. 7 On-line gas trend of Case 3

7l 7ol AENE ek R1=0.35, R2=5.2, R3=1.252
Rogers Hol|l 93lH 39 =7k glom, [ECHS 24354
Aol A Wpdo] wAE Aoz HgHcr) AYIEAE o] &
o] Weksld ol A A;(CoH ol B4 A (CO) 9 o] W
AEonz dAEUA Urle] dAE AoR Ndd &
itk 223 wleH(CHy), o € A (CoHy), oA E #(CoHr) 2
THA FrEThe] WEE AEnE 47 22%, 13% 2 65% =

=

=

7 8 At 39| HiEE MEEA

Fig. 8 Duval Triangle of Case 3

S Heby| DEAT Jlwel Azl Bk of

r

Ol
o

#EIAsEE 0|2

Trans. KIEE. Vol. 60P, No. 3, SEP., 2011

Duval Triangleol ¥AISHH 1% 83 ko] Al 71A] €&
AR HH = Aol DI 9o lermz 3 3 oxe 2
o] A= Wros ~u3 FPejo REWA, AAdX A
E EE w7y A4, ddfol gaEde ANE Ao

A= At

ekl s sy s AdARE wiad F
WHEHES AAsd oy A1s EaSA Xekdlen, 3%
oAlA Eal Axd Ast 2" 99k o] Wsty] dAAd ddE
ol 7hF ol&mHdol FE o] Weky] FEAl 291 Al
el o WHE 3 Aem FAHYer O ofvtr Zx
RE dAdzd WHE" % &3 ol 2SI o=

2 2

O 9 Halm HMALO] HASS| otz EH

Fig. 9 Arcing discharge tree of Insulation material

224 WYl 2AHRI|(BCT) 2&HE 74 2h(Ar3 4)

oEyg e BHAA SUHYTIRA &7 353MVA, Wt
20.9/345kVE zkE 274 WSHIle] 4 T JtaFH AR
7F skl AR FE5t2 vEE A% A3 276
F OUlE oA BAEE obAEA(CH) 7T oF
SppmAA = Ao ¥ ol FrbeA @l FAidte
9h A (Hy), WEHCHy) o2 M(CHY) T+ AEF
7ttt HE EA4AH F4&(H2) 1llppm , 423t
(CO) 100ppm, ™ ¥-(CH4) 59ppm, ol ¥H(CsHs) 15ppm, ©ll
(CoHy) 85ppm, oFAI € #(CoHo) 2ppme] wHA = ATt 7}F
7ol AEHIE b R1=053, R2=0.02, R3=5.672 IEC
W 2 Rogers B EF a9 ZE7b glo] Ado] Er1e3
o, ATt AERE 242 30%, 265%, 16%, 4%, 23%,
05%= Abdl 33 o] olA” a(Coly)ol YAtsterA(CO)%
Zol WA onR HAE olA of=rt UG o=
Ak 283 el (CHy, o2 (CoHy), oFAIE 2(CoHa) ol
Al 7HA F57tse] BEE Aedle 47 41%, 58% 2
1%°]2 2 Duval Trianglel ZAISHA 1§ 103 zZo] A
7HA BEE AAEN7F AX e Aol T3 g9 loemz A}
g 1, 29} Zo] Bit7o] 700TCo)/de Fgo] A dA

=3 H %
wagdel 44Hm Faol WA 2 shrd 7

of
-

bk

]
X

(Rl (M o

oL

% we E
o2 AaFHAY

SeEd wel A4 F Uy As web] urel A
42 FAWFABCDY WA 1Y 119 o] PRy

of ol&] MYEHAAN F71E At &) olart TAHI
1748 EEV g3l 9 olgFon do HUAER 1S5S
o] Agvt. z8]a Duval Triangle HolA Hdd Axtel

117



2 s B WMy EA4 5 A

| ofd t& FEo|A FAV dAAE A V&
o] AdElel IEC ¥, Rogers ¥ %+ Duval Triangle ¥
o2 AFsA o] ¢t FE JHE RAFH

80 60 40
- 9% CoHy

8 10 Al 42 HHES HEHEA

Fig. 10 Duval Triangle of Case 4

a8 11 ot=o 9|sf 2S2l BCT EhAt
Fig. 11 Damaged BCT terminal by ARC

225 HAMH g L otz (At 5)

Abel 1, 3, 49 FAbe HEYP e A SHHFTVIEA
4% 353MVA, ¥gH] 20.9/345kVE 2t
AAA FF7129 T2t 40y 17lppm , LAFstErA
(CO) 119ppm, W ¥HCH4) 191ppm, ol ¥H(CoHs) 20ppm, ° €
A (CoHy) 296ppm, oFAIE #A(CoHz) 22ppm ©l At} 7k A7)
29 AEAE 3 R1=111, R2=007, R3=146°2%
Rogers Ho 2 Huatw 700Ce]d 2z gy, EC
WO R® 700Cel e a2 Agdch stz AR
Zyz}y 25%, 18%, 29.5%, 3%. 45%, 3% = oA € &l (C.H2)
AR A (COY9F Zo] TAHENcmRE HAE YA
oAz HAS Ao HGHATE 283 wEH(CHy), 8
AW(CHy), oFMEE(CoHo) ol Al 744 F57k=e] WEs A
EulEe 2+t 38%, 58% W 4%= Duval Triangleo] A3}
WoE 1290 o]l Al 7R Wiig W7 HAE Aol
T3 ol glermz Wdrlo] 700TCo|4e] Fdo] Ay
of AR Be dasdo] AAAHETL w0l WA 9 3

oa % o

O rr o

=2
v sty A wsldd Ay 2% 133 Zol
AAlel Wol Burrdl o3 @ekEo FaAFI &8 H4EEH
I HAW] ARIE oA 9a] &4EA oM, Rogers ¥
v IEC ¥, 34 7t~ H 2 Duval Triangle ¥ 938 3
el

r

% 12 Atell 52 HHEE HEEA

Fig. 12 Duval Triangle of Case 5

a8 183 HAM e 2 ot &4t
Fig. 13 Heating and arcing damage of Core

3.2 £

A7 4G H F FF7MAE ol &8 Hew
He 7P e AREE A i AlEAde] Eow o 71X
Aggo]l AEgo} gy B E=FoAEs Wy Ax n%
Al A ke SR vEE A os wighy] uF
ko] HgtE FE7h2 71uke] Ak W 47FA o] A&
ste] Hwkel Aol &S Hlaste] dyel Ay
< AT

At R Rdet Adel ngEAEde] dAAEE £ 5
o} 2t} Duval Triangle® 2 571 Aldl & 4717F L A8
A1 Ule FRAFeRE dXste 9wy F gz
Aol 71 =2 Aog BEAHJY. LI dAAS
o] &3 MW HE v dxAgo] =kt

gy §E5Ts T VAT QENE o] &Ete W
H<2l RogersHolv [ECHE o] &3 WAy 5 d¥e 1%
E: 5 Atelled RctZotel pErarMsiAtol o x| M
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