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A Study on the Health Evaluation Method of Oil-immersed
Transformer through Analysis of Insulating Oil

Youn-Jin Shin' - Jae-Yong Lim?'

'Corresponding Author Abstract : The health state of the oil transformer is evaluated by the age of use and the
Jae-Yong Lim state of internal defects. Mineral Qil, used as an insulator for oil transformers, creates
Tel : +82-2-970-6388 specific gases and compounds through chemical reactions caused by heat, moisture,
E-mail ! jylim@seoultech.ac.kr and partial discharge inside the transformer. It is possible to determine the aging and

defect of the transformer through these gases and compounds. So, it is an important
Received : October 4, 2023 indicator to evaluate the health of a transformer. In this study, factors for assessing the
Revised : November 21, 2023 health of transformers were hierarchically categorized, and key factors for each
Accepted : November 22, 2023 hierarchy were selected for design weighting. These weights were determined through

surveys conducted with experts in the fields of transformer design, operation, and
quality. For the health of a transformer, defect-related factors are approximately three
times more important than factors related to aging. Additionally, defect-related factors
showed a higher weighting for gases generated at high temperatures. Furthermore,
Furan was determined to have a high weight, directly associated with insulating paper
aging. Based on these findings, a health index was proposed, and a comparative analysis
was conducted by categorizing 40 operational transformers into normal and
comparison groups to evaluate and validate it.
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Combustible gas generation Vs.
Approximate oil decomposition temperature
Partial discharge (Mot temperature depecdent)
| ~ Range of normal operation

Hot spots Arcing

(Ha)
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CaH,>10%%0f CoH,

Gas generation(Not to scale)
Approximate oil decomposition
Temperature above 150°C

Fig. 1. Dissolved gas in oil gas generation chart,
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Fig. 3. AHP model frame for transformer health,
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Table 1. Selection of expert groups

Division Position Level .Of Career
education

Manufacturer Manager(2)

experts(5) General Manager(3) Bachelor(5)

Operating Manager(3) Bachelor(4) Over
experts(5) General Manager(2) Ph.D(1) 15 years
Diagnostic General Manager(3) Bachelor(3)

experts(5) Director(2) Ph.D(2)
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Table 2, Pairwise comparison importance scale

Tmportance Explanation
scale
1 Equal importance
3 Moderate importance of one ocer another
5 Strong importance
7 Very strong importance
9 Extreme importance
2,4,6,8 Median value between adjacent judgments
Reciprocal If activity i has one of the aboye.nur}ﬂ)ers agsigned to it
numbers when (;ompared with activity j, then J.has_
the reciprocal value when compared with i
AHP A5 Ee 53 ARl Slees A9 AS
ot 39 A% mE FE 47h whekn A1HY

n(n-1)28] 727} vlaLEojof gk

& A& AHP 42 2415 3719] vz A4
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Table 3 ~ Table 59} Zro] H7}=|QiTt.

Table 3. Pairwise comparison : Defect, Aging

-8

Table 5. Pairwise comparison : Hp, CHs, CoHs, CoHs

Respondent @1 @1 @ @ ® ® @® ® © © © @ ® @

H, ; CH; |5.00/3.000.14/0.17/0.20 0.14{5.00 5.00 0.20/0.33/3.00 1.00|3.00 2.00

3.00

H, / GH,y 0.1413.00/0.14/0.14/0.20/0.14/0.14/0.20/0.20 0.33/3.00 1.00 0.33 2.00!

033

H, / CHs 5.0013.00 0.20/0.20/0.20/0.17|5.00 5.00,0.11/0.33/3.00 1.00|3.00 2.00

3.00

CH, / C;H,/0.11/1.00/1.00/1.00 1.00/0.33/0.14/0.20/1.00 1.00| 1.00 1.00/0.33/1.00

0.33

CH,4 / C,He 1.00/1.001.00/1.001.00 1.00 1.00/1.00/1.00/1.00 0.50/1.00 1.00/ 1.00

1.00

CH, / GHg9.001.00/1.00/1.00/1.00 3.00/7.00 5.00/1.00/1.00/1.00 1.00/3.00 1.00

3.00

AP, X*EHJW}%‘ 7158t 5ol Utk & AollA
= 2Fel g AT AEA A SEge] ddES
HEAA F= 716 BatS ARESHRTh 1579 A
= Aol digt SEE Agtnla YHS Table 6 ~
Table 83} Zro] FL-al4ith
Table 6. Geometric mean matrix : Defect, Aging

Division Defect Aging

Defect 1.000 2.888

Aging 0.346 1.000

Table 7. Geometric mean matrix : Furan, CO, CO;

Aging factors Furan (60) CO,
Furan 1.000 5.899 6.527
CcOo 0.170 1.000 1.613
CO, 0.153 0.620 1.000

Table 8, Geometric mean matrix : Hp, CH, CoHs, CoHs

Defect factors H, CH, GH, CHS
H, 1.000 0.994 0.369 1.000

CH, 1.006 1.000 0.547 00955
CH, 2712 1.828 1.000 1.828
CHs 1.000 2.712 0.547 1.000

o5 Aetstn Aot
¥ 7K57} S5 Table 9} o] AHEshsick

Table 9. Hierarchy weight factor

S49) o] Bo] FF

Respondent @1 @1 @ @ ® ® @ ® O © @ @
Defect/aging 7.0/ 1.0/ 0.2/ 0.2 7.0/ 3.0 5.0/ 7.0 5.0/ 7.0 5.0/ 1.0/ 5.0/ 5.0/ 9.0

®
)
@

Table 4. Pairwise comparison : Furan, CO, CO,
Respondent O @ @ @ ©® ® @ ® @ ©O O ®@ ® ®| G
Furan/CO

9.00 7.00 0.25 5.00 7.00 5.00 5.00 9.00 9.00 8.00 7.00 9.00 9.00 8.00 9.00

Furan/CO, |5.00 9.00 0.50 7.00 7.00 7.00 9.00 5.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00

CO/CO, 10.11/9.00 1.00 3.00 2.00 2.00 3.00 0.33 1.00 2.00 3.00 2.00 1.00 3.00 3.00

Division Weight
. Defect 74.3%
Hierarchy 1 .

Aging 25.7%

- Furan 75.2%
Hierarchy o

(Aging factors) o 14.6%

CO, 10.3%

H, 17.1%

Hierarchy 2 CH, 18.8%

(Defect factors) GH, 38.6%

GHs 25.5%

J. Korean Soc. Saf., Vol. 38, No. 6, 2023
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Table 10. Rl : Random Index

Matrix 1 2 3 4 5 6 7 8 9 10
RI 0.00  0.00  0.58 090 1.12 124132 141 145 149
7 AFTRe] QWA &S 4 () ol§3to]
Table 113} Zo] A= 319k
Table 11. Consistency Ratio
Division n Amax Cl RI CR
Hierarchy 1 2 2.000 0.000 0.000 -
fenrety 2130 3016 0008 058 0014
ging factor
Hierarchy 2
Defect factor 4 4.386 0.129 0.900 0.143
AT UL AZTRY B mtet Aola]
B 02 of3kel A9 §RE £ MABAHS /AT
oleka Weksie} 02 oolw Uwy BAE AHE
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Table 12, Total weight value

Hierarchy

Division weight factor Total weight
) Defect 74.3%
Hierarchy 1
Aging 25.7%
Furan 75.2% 19.3%
Hierarchy 2
(Aging factor-Wi) o 14.6% 3.8%
CO, 10.3% 2.6%
H, 17.1% 12.7%
Hierarchy 2 CH, 18.8% 13.9%
(Defect factor-Wj)
CH, 38.6% 25.6%
CGHe 25.5% 19.0%
NENE N ARE N EE theo] FAOR E
HAstlct
H[tolal = 0'257H]agz'ng + 0'743H[defcct (3)
unless CH, is detected.
where,
n
H[aging = Z Six Wi (4)
i=1
m
Hlyegy = 325 X Wi (5)
i=1

a4z A

A Q)T ()llA S, Sj Ao Aa st Q)
Z]—(Furana CO) COZ)QJ‘ %%7 ] gg— CI)JX]—(HZJ CH47 C2H47
GHoE 2Jv]3tH, Wik Wi Table 12014 =&3t Z)

Z}9] 7} |(Hierarchy weight factor)E 2ju|gtc}.
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Table 13, Selection of measurement group

Division Test subject | Period of use | Defect(Gases)
® Normal group 10 Under 10 years X
@ Aging group 10 Over 15 years X
@ Defect group 10 Under 15 years O
@ > 10 Over 15 years O

& 2 OIS AEjol i aE o R Akl oyl
=74 di4e] M2 154 kVEE] 6.6 kV7HA] theFsl|
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Table 14, Examples of the structure formula

Division H, CHy C,Hg CH, Furan CO CO,
Acceptance, Under | Under | Under = Under | Under | Under | Under
criteria | 200 ppm | 100 ppm 200 ppm|150 ppm | 100 ppb 800 ppm 5000 ppm

ZF 1F R S F 40t Y] AdR 24
9 AXE 54 235 =A3)1H Fig 49k Ak
A 25 oS IE2 2R AddE A4t
Gt Agt @47t xgtEo] 9= Aol 15t
FHIH 9 Aol 152 UAE X404 At
BAAE Bk SAE F 4009 HyTIe S AA
T X EE A2|shd Table 159} k.
t 03
HI ]
neing
8| o
; | i Y]
! o |
N Wb 2 I I
0.0001 000 001 01 1 Hi _."3

©OMormal group ©Aging group  © Defect group  © Aging+Defect group

Fig. 4. Score distribution by each groups,

2
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Table 15, Measurement result of each groups

@ 3
Defect

(ONormal group @Aging group| @Defect group

Division

Defect Defect | Aging

0.285

Aging
0.189

Aging
0221

Max. 0.031 3.549 2.595

Min. 0.174 | 0.016 | 0.171 | 0.592 | 0.175 | 0.304

0.197 | 0.026 | 0.181 | 1.614 | 0.216 | 0.954

=
g AR Hlsl 45 8 A A% A

H
ThORE A5ES B 5 glot SuHs HAA

DET R W Aol 15e Avkusd 2
Aol Bk ol &4 Fel Welv] vhre] Ak 4
e Adasiel Wx o] glow AETL 7HEA
Agolq B AT Zo] AHE A\40] FaT ol

=
LWl AME A 2 Ao
e (T
ARE AR A% 20 AAIFY SE2Y 15
7} 7 oA ARE AR(RALES) WES A

Table 16, Final health Index

Group TR. No.| HI defect = HI aging = HI total |Risk rank
Defect 28 3.550 0.180 3.730 1
Defect 27 3473 0.176 3.649 2
Aging, Defect | 34 2.596 0.228 2.824 3
Defect 21 2357 0.187 2.544 4
Aging, Defect | 33 2.036 0.219 2255 5
Defect 24 1.643 0.171 1.813 6
Defect 26 1312 0.189 1.500 7
Aging, Defect | 40 1.092 0.201 1.294 8
Defect 29 1.017 0.189 1.206 9
Defect 2 0.832 0.183 1.015 10
Aging, Defect | 31 0.738 0.199 0.937 11
Defect 23 0.707 0.174 0.880 12
Aging, Defect | 32 0.654 0.195 0.849 13
Defect 30 0.662 0.178 0.840 14
Aging, Defect | 38 0.649 0.175 0.824 15
Aging, Defect | 39 0.602 0.202 0.804 16
Defect 25 0.592 0.184 0.776 17
Aging, Defect | 37 0.558 0.182 0.739 18
Aging, Defect | 35 0315 0.276 0.591 19
Aging, Defect | 36 0.304 0.285 0.589 20

J. Korean Soc. Saf., Vol. 38, No. 6, 2023



Table 16, Final health Index (continued)
Group TR. No.| HI defect | HI aging | HI total |Risk rank

13 0031 | 020 | 0251 21

15 0030 | 0221 | 0250 2

19 0029 | 0215 | 0244 3

20 | 0025 | 0197 | 0222 2%

Aging 11 0023 | 0195 | 0218 25
Group 14 0031 | 018 | 0215 26
18 0026 | 0188 | 0214 27

17 0028 | 0182 | 0210 28

2 0016 | 0192 | 0208 29

16 0025 | 0174 | 019 30

7 0004 | 0181 | 0185 31

6 0005 | 0179 | 0183 32

9 0014 | 0166 | 0.180 33

5 0005 | 0172 | 0176 34

Normal 10 0004 | 0171 | 0175 35
Group 8 0004 | 0170 | 0173 36
3 0009 | 0165 | 0173 37

2 0001 | 0163 | 0164 38

4 0001 | 0162 | 0163 39

1 0001 | 0155 | 0156 40
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