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Diagnosis Method for Power Transformer using Intelligent Algorithm based on
ELM and Fuzzy Membership Function
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Abstract - Power transformers are an important factor for power transmission and cause fatal losses if faults occur.
Various diagnostic methods have been applied to predict the failure and to identify the cause of the failure. Typical
diagnostic methods include the IEC diagnostic method, the Duval diagnostic method, the Rogers diagnostic method, and
the Doernenburg diagnostic method using the ratio of the main gas. However, each diagnostic method has a
disadvantage in that it can’'t diagnose the state of the power transformer unless the gas ratio is within the defined
range. In order to solve these problems, we propose a diagnosis method using ELM based intelligent algorithm and fuzzy
membership function. The final diagnosis is performed by multiplying the result of diagnosis in the four diagnostic
methods (IEC, Duval, Rogers, and Doernenburg) by the fuzzy membership values. To show its effectiveness, the
proposed fault diagnostic system has been intensively tested with the dissolved gases acquired from various power

transformers

Key Words : Fault diagnosis, Power transformer, Fuzzy membership, ELM(Extreem Learning Machine)
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2.1 |IEC 60599 MEt 7| &

I 1dlA+= IEC 60599 A e7]&S YERdT IEC e
T2 F 1o dEbd nbst o] 67FA 9] 1S F 7bse] v
&ol 93 AA3rh B =g tdd A ES %
st atv, ol & flsiAE ZHzte] AevEe] FELAR
wHate]l Kol o] fojxjof gt} webx 67pA o] wgo

®aetA g, FEIA(PD), WD), HA(DHE FE5

E: 3 1 IEC 60599 XEet7|=
Table 1 IEC 60599 standard

CHy/ | CHy | C:Hy

Case Characteristic fault CH, H, CHs
PD Partial discharge NS <0.1 <0.2
D Low energy discharge >1 0.1-0.5 >1

High energy discharge 06-251| 0.1-1 >2
Thermal fault (¢<300C) NS NS <1

T | Thermal fault(300C<t<700T) | <0.1 >1 1-4
Thermal fault(t>700C) <0.2 >1 >4

2.2 Rogers ZEet 7| &

¥ 2914+ Rogers Ie7]#S Yellth ¥ 20 e
o} o] 574A 9] NS Fy3r) a; B A

uhsh 2
Ne Az e gold AnrEe §3a] g FEL
49 B PD), WAD), FE(DE FRte] Ade +
A,

E 2 Rogers Zlet7|=
Table 2 Rogers standard

CoHy/ CHy/ CoHy/
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£2:2l PDE F¥E FEYHPD), D2 5d¥ ¥d (D1
D2), T2 xd¥ #L(TL, T2, THE T3t IS 3
@t Duval =t 715& A&3t7] AsiM= ofdl A3 2

o] Ml 7FA o] Mg AEuE ALlksoh
%CH :Lxm 1)
*  CH,+C,H,+C,H,
e, = 2 g @)
22 7 CH, +C,H, +C,H,
%C,H :¢x100 (3)
24 7 CH, +C,H, +C,H,

a2 1 Duval Xct7|=
Fig. 1 Duval standard

2.4 Doernenburg Xt 7| =

Doernenburg A&7]|&8 £ 3o vetdl #vlel 2ol #9
A7 E T(EH %), PD(EEEA), D)o
o2 71%#3% < Doernenburg AeH7|#S %ol RF7)
Al ZHAZ A5, Jheso] ZARE Y] 7HA Bl &S o] &3

2.3 Duval et 7|&

2% 1] Yerd ukel o] Duval 2] E2 v EH(CHy),
120(CoHy), oFAE A(CoH) el Al 7FA ] WES JENE
Az e o3 Xidko] o] ozt Duval 7]
FAuttt 7157 FAIEOl vk PDE FEWA,
A=H4E(<300C), T2E =344 (<300T, <7007C),
274 (>700C), D12 Aoy A WA (~332), D2&
A(eta), DT+ €4 ¢ #1714 1% =2
oujgitl, B A Zzte] ety 3%
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Case Characteristic fault CH, H, CoHs = 3 Doemenburg 2l £7]
PD Partial discharge <0.1 <0.1 <1.0 Table 3 Doernenburg standard
D Electric arc 0.1-30 | 0.1-1.0 >3.0 Case Characteristic CHy Colly CoHy CoHs
Thermal fault <01 |>01,<1.0| 1.0-3.0 ) fault CoHy | /CoHy | /CHy | /CoHa
T | Thermal fault (<700C) <0.1 >1.0 1.0-3.0 T Thermal fault >0.1 | <075 | <0.3 >04
Thermal fault (>700C) <0.1 >1.0 >3.0 PD Partial discharge | <0.1 NS <0.3 >0.4
D Electric arc ><(ﬁ)’ >0.75 | >0.3 <04
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Data generation FCM (pata Selection) ELM Learning Fuzzy Membership Fusion
IEC D (1000) D (300) o> 150 > P30
HEW|E [ CPDG000) | [7| [ PDBOO | ["]o» EM pEO > venberis [P\
T (1000) T (300) o> 0 > ﬂ
X
Data generation Data Selection ELM Learning Fuzzy Membership D
Duval D (1000) D (300) ov] 20 S ¥ !
ZeDIE M| [PD@000) | [™| [ PD@OO) | ["] o> EM O > embosnn [0~ a
T (1000) T (300) Sag 0 > > N
0
Data generation Data Selection ELM Learning Fuzzy Membership S
Rogers D (1000) D (300) o> 150 > lﬁhy/ !
FEDIE ™| PD {000 | || [ PD@EOO | ["] o> EM pPO B Bred S
T (1000) T (300) o> 0 > O
/
Data generation Data Selection ELM Learning Fuzzy Membership
DSELTS' D (1000) D (300) o> lgo > - iD,O/'d
xI_IEJI_E_ e PD (1000) ™ PD (300) ™ O ELM ’O > MemLtJ:Zleéh\'p ?
T (1000) T (300) o> >0 - He-07]
a8 2 Xsg Lue|En HX| A%5EHsE 0|85 ety HT|Y
Fig. 2 Diagnosis method using ELM based intelligent algorithm and fuzzy membership function
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Fig. 3 Gaussian membership function according to standard
deviation
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Table 4 Diagnosis results by IEC standard

Case PD D T ND Diagnosis
PD(19) 4 1 0 12 21.1%
D(125) 0 89 0 36 71.2%
T(107) 1 0 80 26 74.8%

E: 2 5 Duval 7| &0l 2o|&h &tz ot
Table 5 Diagnosis results by Duval standard

Case PD D T ND Diagnosis
PD(19) 9 3 5 2 47.4%
D(125) 0 117 6 2 93.6%
T(107) 2 0 101 4 94.4%

E: 6 Rogers 7| =of e|st Xt}
Table 6 Diagnosis results by Rogers standard

Case PD D T ND Diagnosis
PD(19) 5 1 1 12 26.3%
D(125) 2 72 1 50 57.6%
T(107) 1 1 80 25 74.8%

198

= 7 Doernenburg 7| &0l o8t R cHZ T}
Table 7 Diagnosis results by Doernenburg standard

Case PD D T ND Diagnosis
PD(19) 5 1 3 10 26.3%
D(125) 4 88 3 30 70.4%
T(107) 2 0 103 2 96.3%

E: 3 8 otz dtHof <o & TIEhA T}
Table 8 Diagnosis results by proposed method

Case PD D T ND Diagnosis
PD(19) 13 3 3 0 68.4%
D(125) 4 118 3 0 94.4%
T(107) 2 2 103 0 96.3%

100.00%

80.00%
60.00%
40.00%
20.00%

0.00%

mIEC mDuval mRogers Doernenburg  m Fusion

3% 4 A& w2 gl et Ms dln
Fig. 4 Comparison of diagnosis performance for power
transformer according to each diagnosis method
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