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APPLICATION OF DECISION RULES FOR IEC-60599 THREE-RATIO

FAULT DIAGNOSIS BASED ON ROUGH SET THEORY
CAI Jin-ding, WANG Shao-fang
(School of Electrical Engineering, Fuzhou University, Fuzhou 350002, Fujian Province, China)

ABSTRACT: An improved IEC-60599 three-ratio fault
diagnosis technique for power transformer is proposed, which
is based on the Rough Set Theory. Firstly, a logical diagnostic
table of IEC-60599 is presented, and a decision table can be
constructed by applying the Rough Set Theory based on the
IEC-60599 three-ratio fault diagnosis table. Then, the reduction
of the decision table will be obtained, and an improved new
IEC-60599 three-ratio fault diagnosis decision table for
transformer fault diagnosis can be acquired. The results of the
experiment demonstrate that the improved new IEC-60599
three-ratio fault diagnosis technique extends the coding area of
the earlier IEC-60599 three-ratio fault diagnosis technique, the
actual malfunction diagnosis ability is proved and fault
diagnosis accuracy is higher compared with the earlier
IEC-60599

incompleteness and complexity of fault diagnosis for power

three-ratio  diagnosis  technique at  the
transformer. The method is easily used to engineering

technician. All these properties can be applied in practice.
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Tab.1 Fault decision table for IEC-60599 the three-ratio

IE WRESEAY (CoHo)/ (CoHa)  (CHa) (H)  (C2Ha) (CoH)

PD JRHCHL IR <0.1 <0.2

D, KA >1 0.1~0.5 >1

D, HifgE B 0.6~2.5 0.1~1.0 >2
~yH 35

T e - “
Hhi

T, (300C< <0.1 >1 1~4
T<700°C)
et g 4

T 7000 <02 = >4
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Tab.2 Code table for IEC-60599 the three-ratio

PCH)/ A CoHy) %t | (CHy/(Hy) it | o(CoHo/ ACoHe)  Zit i
<0.1 1 <0.1 0 <02 0
[0.1, 0.2) 2 [0.1, 0.5] 1 >4 1
[0.6, 1] 3 05, 1) 2 (1, 2] 2
(1, 2.5 4 >1 3 2, 4] 3
>25 5 [0.2, 1 4
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Tab.3 Fault decision table for IEC-60599 the three-ratio
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(dy) (dy) (dy)

. s 0 0 JrE s,
(PD)

2 4 1 2

3 5 1 2

4 4 1 3 {KHE =

5 5 1 3 JCH (D)

6 4 1 1

7 5 1 1

8 3 1 3

9 3 1 1

10 3 2 3 A e

11 4 2 3 JCH (Do)

12 3 2 1

13 4 2 1

14 1-5 3 0 i i 44

15 1-5 3 4 (T))

16 1 3 2 rpEL

17 1 3 3 (T,)

18 1 3 1 L A

19 2 3 1 (Ts)
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Tab.4 The core table for the decision
of IEC-60599 the three-ratio diagnosis
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1 * 0 * Jay i HL(PD)
2 * * *
3 * * *
4 4 1 * R RE LI HL
5 5 * * Dy)
6 * * *
7 5 * *
8 3 * *
9 3 * *
10 * * * = A JCH
11 * * * (Dy)
12 * * *
1 3 * * *
14 * 3 0
R ()
15 * * 4
16 * * 2
17 * * 3
PRI HY(T,)
18 * * 1
1 9 * * *
20 1 * 1 i #A(T5)
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Tab.5 The improved decision table
for IEC-60599 the three-ratio fault diagnosis

¥ FAEE p—

T CHy)/@(CoHy)  p(CHy) (Hy)  CoHa)/ A CoHe)

. . 0 . RGN
(PD)

2 4 1 *

3 4 * 2

‘5‘ 2 i AR

p s . ) (D)

7 5 1 *

8 5 * 1

9 * 1 1 D, 3D,

10 3 * 3

11 3 1 *

12 3 * 1

13 3 2 * i G

14 4 2 * (D)

15 * 2 1

16 4 * 3

17 4 * 1

' ) 3 0 L

19 * 3 4

20 1 * 4 (™

21 * 3 2

24 * 3 3 A

25 1 * 3 (T2)

26 1 * 2

27 * 3 1 el o A

28 1 * 1 (T3)

e RS5O FORZIEN AR R R, AR = HES SRR .

MR 6 Tz hrd Lol W. HH SN
IEC-60599 —IUEEIZWT, 1F 62 MMZWikEAT, f
24 AMFEAH = LA WE I, O R 2
B, BHIEFZSKERL N 61.3%; N Ok H S
M TEC-60599 — LLH M2 Wik SR 2 W, AR
IR GRIZWIFEAST 9 1D, HEE5H
S IEC-60599 — LWV ELA:, EMIEMIZWIR L
) 85.48%. NHIERE RIS E (109 1)
FEARJAT S, 12Wras R, B Sk g 5 0
IEC-60599 — LU iz Wik 52 Wr, & i IE Ak
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Tab.6 The results of the actual fault diagnosis
_— = E 1EC-60599 LI Lﬂuﬁﬁ{j AIEC-60599 VS el ——
ACH)/ (CoHy) o(CH) (Hy) o CoHa) (CoH) il IZEES

1 0 0.6237 0.8605 # 1#4 iR I (%) rpL A
2 0.0196 1.2470 10.2286 e BV *31 el o A frn I A
3 1.1888 0.2000 7.9444 fIGRECR 41% fIGRECR TARERLIA
4 0.0050 7.1233 8.5714 e BV *31 eV T % vl ol
5 0.0122 8.3333 19.7931 e BV *31 el o A FlESSSuRt
6 0 0.8125 2.9091 # 1*3 L (%) IR A
7 0.0065 1.0000 2.5455 # 1#3 P (%) IR A
8 0 1.3509 0.3621 il I # *34 i I # IR A
9 0 0.1646 1.3824 # 1%2 P (%) A SRR IR
10 0.0541 1.2551 8.9697 e BV *3] eV SRR K
11 0.0763 0.8333 9.3000 # 1*1 eV frni i A
12 0.0738 0.2509 0.2571 # 1#4 R A (%) 1E%
13 0 0.0815 0.5882 # *04, 1%4 AR AR A SRR IR
14 0 1.4475 25143 rp A *33 rp A PR A
15 0.0464 1.9323 4.6992 e BV *3] eV frni i A
16 0.4166 0.3891 12.4647 # *11 e G T REJACHL
17 1.2308 0.7600 0.7647 # 42% e BB HL(x) 1E%
18 0.0237 3.8924 2.4976 rp A *33 rp A rp A
19 0.0246 0.9655 8.2797 # 522 NI bl B 1= GV S i So R A Je R el el
20 0.0075 5.1071 9.6667 eV *3] eV 3¢ L v O A
21 0.0050 7.1233 8.5714 eV *31 eV T 4% el ol
22 0 2.3095 3.8217 rp A *33 rp A B2 it
23 0 14.8125 5.1087 eV *3] eV 3¢ L v O A
24 0.0804 1.2791 51111 eV *31 e o A frni i A
25 0 0.0594 1.3824 # LN L) Jo ST H SR A A SRR IR
26 0 0.0956 0.0536 R *0* EE G A SRR IR
27 1.2700 0.1763 2.5000 fIGRECR 41* fIGRECR LS9 GEN
28 1.1197 0.2400 8.3571 fIGRECR 41% fIGRECR TARERLIA
29 1.0476 0.1698 9.0000 fIGRECR 41* fIGRECR FEL D 80
30 1.3846 0.1800 11.6071 fIGRECR 41* fIGRECR FEL D 80
31 0.2143 0.4746 7.7778 # *11 e G iy SIS
32 0.0060 1.2963 5.7328 eV *3] eV frni A
33 0 0.0745 0.2069 # *04, 1%4 AR FB I A SRR IR
34 0.0652 1.9125 6.5714 eV *3] eV VA Z N
35 10.5556 0.2467 02118 # 51% KRBT HL LS9 GEN
36 0.1342 1.2553 13.0939 eV *3] eV L0V GEF SuR A
37 0.0242 0.1699 1.8452 # 1*2 rp A A 607°C
38 0.0121 0.8191 73821 # 1%1 eV B2 it
39 1.2308 0.7600 0.7647 # 42% e RETBCHL(x) To b
40 0.0214 0.4930 3.2370 # 1#3 P (%) frn I A
41 1.3846 0.1800 17.1053 fIGRECR 41* fIGRECR FEL D 80
42 0.0237 3.8924 2.4976 rp A *33 rp A rp A
43 0.0051 5.6345 8.1800 e BV *31 eV I3 FRTT RFEADAS R
44 0.1241 11.2453 Inf e BV *3] eV RS I #h
45 0.9104 0.6728 18.1081 G 3#] G JBCH B
46 0.0421 1.4878 1.9126 rp A 1#2 rp A R B
47 1.2075 0.7495 0.4206 # 42% TR AEJCHL L5V GE
48 0.0464 1.9306 4.7267 Fer L A *31 Fe L A =i o A
49 1.4545 0.8425 14.0000 SR 42% SR S GEN
50 0.0292 1.5455 11.4286 et A *31 e A it AR
51 0.0062 1.8824 9.8113 Ferd A *31 e it o A e A




11 3] SRR HDRESEFLILAE TEC-60599 = LU AR Mok 12 Wl SR ) 11 137 FF 139
&R 6
- =i IEC-60599 14 5t SO TEC-60599 HRifi K12 Wi 4 S b
ACH)/ CoHy) — (CHa)/ (Ha) — (CoHa)/ CoHe) g ELEES
52 0.0032 3.3333 1.5000 rhb A 1*2 rhif i A L
53 1.0476 0.1698 9.0000 T BT 41* I REBC(%) e B TR
54 1.1408 0.3254 1.8727 fIRRE I HL 41* fiCRE B fiCRETB
55 0 1.4475 2.5143 rhb A *33 rhif i A L
56 0.0100 16.4108 57114 [Esur] *31 el o A el o A
57 0 44.6759 1.0593 rhb A 1*2 rhif i A L
58 0.3483 0.6287 12.7600 # *21 e B TR e B TR
59 0 0.0815 0.5882 # *04, 1%4 AL RS R fiCRETB
60 0.2639 1.6333 2.0000 # #32 rhif i A rhif i A
61 0.00 0.04 0.87 # *04, 1%4 AL RS R JRi T,
62 0.00 0.38 0.61 # *04, 1%4 ARG RS R SRIA PI R I
W KON “#7 RIRTMMBERHRA kW “x” RRBRBW: 7 RORIEILEN AR, A = LEHS KR,
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