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PNN based Rogers Diagnosis Method for Fault Classification of
Oil—filled Power Transformer
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(Jae—=Yoon Lim - Dae-Jong Lee - Pyeong—-Shik Ji)

Abstract - Stability and reliability of a power system in many respects depend on the condition of power transformers.
Essential devices as power transformers are in a transmission and distribution system. Being one of the most expensive
and important elements, a power transformer is a highly essential element, whose failures and damage may cause the
outage of a power system. To detect the power transformer faults, dissolved gas analysis (DGA) is a widely—used
method because of its high sensitivity to small amount of electrical faults. Among the various diagnosis methods, Rogers
diagonsis method has been widely used in transformer in service. But this method cannot offer accurate diagnosis for all
the faults. This paper proposes a fault diagnosis method of oil-filled power transformers using PNN(Probability Neural
Network) based Rogers diagnosis method. The test result show better performance than conventional Rogers diagnosis

method.

Key Words : Fault diagnosis, Power transformer, DGA(Dissolved Gas Analysis), Rogers, PNN(Probability Neural Network)
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CHo/CoHy ZAM7F 01 o]3fola
dul= 01 olst EE 1 o4, CoHy/CoHs 24 H|
td W Aoz wAST. CHyY/CoHy X497

Ae71Es AHEd,

= 10 v
0.1 o]8te]ar, CHyH, 2AH= 0.1 °]8, CoHy/CoHg 241
= 1.0 "L w AHouA ol (FEWA)eZ FAd

CsHo/CoHy Z4H)7F 0.1~3.0013, CHy/H, ZAHE 0.1 ©]
o]/, CoHy/CoHs _%’HH]L 1.0~30 & w -3}
43ttt CHy/CoHy ZAHI7F 0.1 o]she]a, CH4/H9
1.0 ol3d}l, CHy/CoHs =AW= 1.0~30 ¢ o 5
2 #Ager. F234dE ZdA CHy/CoHs 3‘—/‘3“]7]'
30 27 e n2dd=2 RGgrr. 17 2004 = Rogers
A71Ee 72~ #AE B8] YERWTHIO0]L.

E: 1 Rogers Zlct7|=
Table 1 Rogers diagnosis standard

Case | Characteristic fault CeH/ CHy Celly
C2H4 Hz CgHﬁ

0 4 <0.1 >0.1,<1.0 <1.0
1 | Aeld=x]eb B (FE4H) <0.1 <0.1 <1.0
2 oA ok (%) 0.1-3.0 0.1-1.0 >3.0
3 A At <0.1 >0.1,<1.0 | 1.0-3.0
4 F24d (<700C) <0.1 >1.0 1.0-3.0
5 a2d (>700C) <0.1 >1.0 >3.0

Normal
condition

R1=CH,/H,

Low temperature
thermal fault
Overload

R2=CH,/CH,

R5=CH, I CH,

Thermal fault
<700°C

Thermal fault
>700°C

Yes Yes
Yes Partial discharges
R2<1 Radio interference
voltage (RIV)
Yes
Yes
Yes High energy
electric arc

3% 2 Rogers ZIEHe| JtA A 2AM
Fig. 2 Gas relations analysis according to the method of
Rogers
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& o 4 gk om AehEMel PNN: 846[%le] dw A4S mol
¥ 3004% [EC TC 10 T3(mese)z 749 dlolelel  Rogers A el nlste] $5a 493 b,
g8 AuAns UEWg. ® 304 mi: ue 2o
Fe A4 18709 A® FolA 117]e) Are  E 3 1EC TC 10 T3 HiolEfel =8t

N,
"
rlo

Rogers ¢
g AeabA Bastgon 579 A2 taas B Table 3 Gas ratio for T3 dataset in IEC TC 10

STAEMT 6,9, 10, 14, 15), 1712 Al WA= T2A No H> CHy | CoH | CoHy | CoHg | Rogers | PNN
W3 19), 19 Az HlsiAE DR EWSE 8¥) Ao 1 8800 | 64064 — 95650 | 72128 T2 T2
ABE BYt) Rogers g 7]&o] 4AT A%3y nas 2 6709 | 10500 | 750 | 17700 | 1400 T3 T3
Ags A7 137 A2 t3] T3Z st o, 379 3 1100 | 1600 26 2010 221 T3 T3
AZRE T2AE™ME 1, 9, 109), 2719 A8 DAEWE 4 290 966 57 1810 299 T3 T3
8 149 = A3ttt 5 2500 | 10500 6 16500 | 4790 T3 T3
6 1860 | 4980 | 1600 | 10700 - ND T3
5 7 860 | 1670 40 2050 30 T3 T3
" 8 150 22 11 60 9 D D
9 400 940 24 82 210 ND T2
: 10 6 2990 67 26076 | 29990 ND T2
11 100 200 11 670 110 T3 T3
12 290 | 1260 8 820 231 T3 T3
13 | 1550 | 2740 184 5450 816 T3 T3
14 | 3910 | 4290 | 1230 | 6040 626 ND D
15 | 12705 | 23498 | 5188 | 34257 | 6047 ND T3
16 1 8 6 100 8 T3 T3
17 300 700 36 1700 280 T3 T3
3% 5 FCM2 0| 8%t n&tAltef =Mud| 4N 18 | 107 143 2 222 34 T3 T3
Fig. 5 Gas ratio generation per fault state by FCM
E:d 4 FctA D)

Hx 2 [IEC TC 10 PD ColE{e] =MH|
Table 2 Gas ratio for PD dataset in IEC TC 10

Table 4 Diagnosis result

No | Hy | CHi | GHy | CoHy | CoHs | Rogers | PNN LARFAENF) é%ﬁrir) PNN(H &7} 4°)
1 | 32930 | 2397 | — — 157 ND PD
PD (971) 11.1%(70) 100%(9711)

2 | 37800 | 1740 8 8 249 ND PD

3 92600 | 10200 — — — ND D D1, D2(7471) 67.6%(5071) 89.2%(6671)

4 2966 1061 — — o ND D T1,T2(1671) 31.3%(571) 68.7%(1171)

5 9340 995 7 6 60 ND PD T3(1871) 61.1%(1170) 72.2%(1371)

@ 36036 | 4704 10 5 554 ND PD Total(11778) 57.3%(6771) 84.6%(9971)

7 | 33046 | 619 - 2 58 PD PD

8 | 40280 | 1069 1 1 1060 ND PD

9 | 26788 | 18342 | — 27 | 2111 ND PD 5 & =

B =fdMe FEANEIZGS o433 A¥E YN

3 4 A e EC TC 10 A4 Heleel W Rogres A% )0 590019 prope dueze Avad. Aud o
IE ARE PN RS AR A A E A Gaze gse 9kl slstel 49 43t Rogers A
Aoss e gel 9E FAE POl WA o 75000 gse wgoH, Add dudEs 48w
Rogers Aedy L 11.1[%]=2 YElgod, Aty & A3} 846%9 AY ASS mol ThE zehguo] wlste] ©
AAF2g 7)uke Asd 2de 100[%]9 HsS B g ATE e, @5 Aoks WS A oA A
742 4% DI(A YAl )3 D2(arell A wd)el o & Zol fewalso] qesto] 1 984S woluat S}
3] Rogers AeWH-S 67.6[%], Akl PNN+= 89.2[%]
2 YEbY Rogers Xdi el v3) dso] /fHES & +
Aok 16712 A48 TIALHD)H T2AFLHD)= +4
g dlolgle]l sl Rogers v 31.3[%], Alehgwel #Arel = ‘
PNN+= 687[%]= YEb $-3 45& =itk 18742 o] mre azALgEAe qhoz szAdAT
del T3(2d)e disl Rogers eH-2 61.1[%], Al o] 20156 A ) ZAFRTA ] A US wo} |
Ml PNN&E 722[%]=2 vebwkth 117719 %A ©]o]E 25 Aol (FAWNE : RISXA03-42). 3
of thg At A3 Rogers I YHEL 573[%] S B

ety UEEFE 28 PNN 7|8 Rogers &I B[ JHgt 283



M7|&s =2 X 65PH 45 2016 12¥

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

References

Kelly, J. J. “Transformer fault diagnosis by
dissolved-gas analysis.”, IEEE Transactions on
Industry Applications, Vol. 16, No. 6, pp.777 - 782,
1980.

Institute of Electrical and Electronics Engineers,
“IEEE C57.104-2008 guide for the interpretation of
gases generated in oil-immersed transformers,”, pp.1
- 27, 2009.

International Electrotechnical Commission, “IEC 60599
Ed. 2.1 Mineral oil-impregnated electrical equipment
in service - Guide to the interpretation of dissolved
and free gases analysis,” IEC, 2007

Bhalla, D., Bansal, R. K., Gupta, H. iO. “Function
analysis based rule extraction from artificial neural
networks for transformer incipient fault diagnosis,”
Electrical Power and Energy Systems, Vol. 43, No.
1, pp.1196 - 1203, 2012.
Cristina M. Quintella,

spectrofluorimetry -based device for determining the

“Development of a

acetylene content in the oils of power transformers,
Talanta, Vo.,117, pp.263 - 267, 2013.

Jae-Yoon Lim, Dae-Jong Lee, Pyeong-Shik Ji, “Fault
Diagnosis of Oil-filled Power Transformer using

DGA and Intelligent Probability Model”, Trans.
KIEE, Vol, 65P, No. 3, pp. 188-193, 2016.
Myeong-Seok Seo, Pyeong-Shik Ji, “A Fault

Diagnosis Method of Oil-Filled Power Transformers
Using IEC Code based Neuro-Fuzzy Model”, Trans.
KIEE, Vol, 65P, No. 1, pp. 41-46, 2016.

A. ]J. C. Trappey, C. V. Trappey, L. Ma, J.C. M.
Chang
system for power transformer maintenance decision

“Intelligent engineering asset management

supports under various operating conditions”,
Computers & Industrial Engineering, Vol. 84 pp. 3 -
11, 2015.

Y. Kamata, power
transformer  insulation,” IEEE  Transaction on
Electrical Insulation, Vol EI-21, No.6, pp.1045-1048,

1986.

"Diagnostic  methods  for

[10] H. F. Jr, J. G. S. Costa, J. L. M. Olivas, “A review

of monitoring methods for predictive maintenance of
electric power transformers based on dissolved gas
analysis”, Renewable and Sustainable Energy

Reviews, Vol. 46, pp. 201-209, 2015.

[11] J. D. F. Specht, “Probabilistic neural networks”,

Neural Networks, Vol. 3, pp. 109-118. 1990.

[12] Michel Duval, Alfonso DePablo, "Interpretation of

284

Gas-In-Oil Analysis Using New IEC Publication
60599 and IEC TC 10 Databases”, IEEE Electrical
Insulation Magazine, Vol. 17, No. 2, pp. 31-41, 2001.

A ™M e MEFR
e ]

1984 F5O o A7y 4,
1986 & Wietd Arleey EH(Fg
o) KU

AAD), 19959 ol wsty d7]EEt
A (F A}, 1999~2000  Texas
A&M Univ. WEwS, 4 tigoisn
EA

E-mail : jylim@ddc.ac.kr

5 LR
ekl EETAAD, 2002

19974

9T sl EA(E AR, 2006 ~
20089 FHdigtal BK2IF 578 H7])EA
det 2 2us

X " A (Gt F )
19949 %5 2
rpahg 2B

5
E-mail : psji@ut.ac.kr

Copyright © The Korean Institute of Electrical Engineers
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.





