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Abstract: In order to solve the problem of transformer oil leakage caused by the ageing failure of rubber sealing
rings, the rubber sealing rings was conducted life evaluation research. Since there is low oxygen content and a
small amount of H,S retained as an oxidation inhibitor in the transformer insulating oil, and the sealing rubber ages
faster in a strong oxidizing medium, we choose H,S+hot air and hot air environment to conduct ageing tests. The
dynamic curve direct method was adopted. According to the relationship between the performance change of
rubber and ageing time and the Arrhenius model, accelerated ageing tests were carried out at three different
temperatures, and the compression set rate was used as the performance index. The relationship between the
performance change rate constant k£ and the life estimation value ¢ under two environment was obtained to estimate

the service life. The results show that the performance of rubber sealing ring degrade in different degrees under hot
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air and H,S+hot air environment. With the increase of ageing time and ageing temperature, its hardness increases,

and the elastic recovery ability changes to be poor. According to the established life estimation formula, the service

life of EPDM rubber sealing ring is predicted to be 33 years and 35 years under hot air and H,S+hot air

environment, respectively.
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Fig.1 Thermogravimetric analysis results of sealing ring
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Tab.1 Comparison on test results of compression set rate

R/ FE i 7R ABEIEZR 1% DARE R /%
105 6.53 6.45 6.61 6.53
125 13.99 13.85 13.48 13.77
150 13.82 13.92 14.14 13.96
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Tab.2 Test results under hot air condition
75C 90°C 105°C

B H JE g W 4K JE WA RAKA JE WAL R4

/mm /IRHD Y% /mm /IRHD AT 1% /mm /IRHD I %
I AE 8.730 46.9 0.000 8.880 483 0.000 8.932 48.7 0.000
Zi48 hE 8.296 47.7 4.903 8.278 49.8 6.647 8.132 51.5 9.131
ZA4k120 h )5 8.207 492 5.621 8.129 50.8 8.568 7.724 53.6 13.293
ZAk 168 h g 8.153 49.6 6.219 8.001 51.7 10.039 7.362 54.4 17.287
L6240 h )5 8.138 50.1 6.399 7.946 51.7 10.668 7.159 54.9 19.643
Zi312h )5 8.136 50.7 6.719 7.724 52.7 13.080 6.998 55.9 21.500
ZA6380 h )5 8.158 50.8 6.624 7.601 52.8 14.575 6.883 56.1 22.700
Zi442 05 8.094 51.1 7.150 7.395 53.1 16.882 6.776 57.1 23.867

T O A ="E A 5 BEFE —E AT , DAREZH AR 3 /N 1r 45 SR ) P BB R s @ 4 /K AR ] 2 ARE AL AR 3 S ik 45 SR I

HARTPIMERIR
R3 HSHAZSEZFHTMKER
Tab.3 Test results under H,S and hot air condition
75°C 90°C 105°C
BH JE R TEREARAL 4R A JE B AR 4K JE g AR 4K A
/mm /IRHD I 2/% /mm /IRHD T2/ % /mm /IRHD BIGHI%
I E 8.729 46.7 0.000 8.881 48.6 0.000 8.964 483 0.000
H,S &5 8.602 45.6 1.940 8.760 47.7 1.537 8.800 475 1.180
LAk 49 h)E 8.485 46.3 3.044 8.436 49.6 5.483 7.828 51.6 7.487
Zi121 h)5 8.476 47.9 3.380 8.213 51.2 7.703 7.695 53.8 10.010
ZA6 169 h )5 8.401 483 4.020 8.008 51.7 10.097 7.628 54.2 14.430
ZAk241 W5 8.385 49.0 4.185 7.990 522 10.303 7.593 55.1 20.505
ZA6313 b5 8.346 49.0 4.687 7.721 53.0 13.263 7.521 56.3 23.947
ZA6381 hg 8.318 49.7 5.108 7.593 53.1 14.897 7.498 56.8 23.933
Zih443 05 8.309 50.1 5.500 7.478 53.5 15.907 7.473 57.1 24.110
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Tab.4 The composition content of the sealing

ring before and after ageing
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AL 1.0 1.3 12
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B 27.8 27.9 27.7
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Tab.5 Index parameters of compression set rate under hot air ageing
ZAGI [/h
FA 5 2R 2L
48 120 168 240 312 380 442

P(75C) 09510 0.943 8 0.9378 0.936 0 0.9328 0.933 8 0.928 5
y(75°C) -0.050 3 -0.057 9 -0.064 2 -0.066 1 -0.069 6 -0.068 5 -0.074 2
P (90C) 0.933 5 0.914 3 0.899 6 0.893 3 0.869 2 0.854 3 0.8312
»(90C) -0.068 8 -0.089 6 -0.105 8 -0.112 8 -0.140 2 -0.157 5 -0.1849
P (105C) 0.908 7 0.867 1 0.827 1 0.803 6 0.7850 0.773 0 0.761 3
y(105°C) -0.095 8 -0.142 6 -0.189 8 -0.218 7 -0.242 1 -0.257 5 -0.2727
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Tab.6 The value of performance parameter k and

A under hot air ageing
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Tab.8 Linear fitting results of Ink and

1/T under hot air ageing

MR R/ C
i H
75 90 105
HRRER 0.883 5 0.983 8 0.917 8
b=k -0.000 05 -0.000 30 -0.000 40
a=In A -0.0515 -0.054 2 -0.098 2
A 0.949 80 0.947 24 0.906 47
AV¥ME 0.934 50
=-0.00005x-0.0515
005 — 0 k08835
-\\7\\ Te—m
-0.100 * P e y=-0.0003x-0.0542
N T R=09838
o, -0.15 g ~
= :\\ ™~
-0.20- AN
-0.251 " 715 A
* 90°C A a
P pgmem
-0.30 : \ : : -
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t/h

2 REREUT PS5 H%LMENE
Fig.2 Linear fitting of InP and 7 under hot air ageing
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Tab.7 The relationship between performance parameter &k

and temperature 7 under hot air ageing

W 1/°C
i H
75 90 105
T/K 348 363 378
T 0.002 87 0.002 75 0.002 65
k 0.000 05 0.000 30 0.000 40
Ink -9.903 50 -8.111 70 ~7.824 00

TH 24 ~E/R InB B
-9203.5 16.77 19 191 921.63
0,
-2
y=-9203.5x+16.77
-4 R=0.8681
= -6
-8 -\
-104 [l
-12 - ‘ . : . ‘
0.00260 0.00265 0.00270 0.00275 0.00280 0.00285 0.00290

/T
3 ABHEENT IS UTHZMEBE
Fig.3 Linear fitting of Ink and 1/7 under hot air ageing
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Tab.9 Index parameters of compression set rate under H,S and hot air ageing

A5t % H,S 49h 121h 169 h 241 h 313h 381 h 443 h

P(75C) 0.980 6 0.969 6 0.966 2 0.959 8 0.958 1 0.953 1 0.948 9 0.9450
y(757C) -0.019 6 -0.030 9 -0.034 4 -0.041 0 -0.042 8 -0.048 0 -0.052 4 -0.056 6
P (90°C) 0.984 6 0.9452 0.9230 0.8990 0.897 0 0.867 4 0.8510 0.840 9
y(90°C) -0.015 5 -0.056 4 -0.080 2 -0.1064 -0.108 7 -0.142 3 -0.161 3 -0.173 2
P105C) 0.988 2 09251 0.899 9 0.8557 0.7950 0.760 5 0.760 7 0.758 9
»(105°C)H -0.0119 -0.077 8 -0.105 5 -0.1558 -0.229 5 -0.273 7 -0.273 6 -0.2759
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Tab.10 The values of the temperature performance

parameters k and A after H,S and hot air ageing

®1l HSHAZSSEUTHESHISEETHXA

Tab.11 The relationship between performance parameter

k and temperature 7 under H,S and hot air ageing

MR IR/ C
i H
75 90 105
MK RHR 0.9518 0.960 3 0.9223
b=k -0.000 07 -0.000 3 -0.000 6
a=Ind -0.024 6 -0.033 8 -0.041 1
A 0.975 70 0.966 76 0.959 73
AT 0.967 40
O—I
y=-0.00007x-0.0246
< R>=0.9518
-0.05 o
x o
-0.10- 4 e ., y=0.0003x-0.0338
R e S8 Rl=0.9603
4-0.15- N s
-0.20+ . y=-0.0006x-0.0411
o e s R=09223
-0.254 & 2eg N
4 105°C A “a A
0305700 200 300 400 500
t/h

4 HSHAZSZU TP 5% tUE
Fig.4 Linear fitting of InPand 7 under H,S and

hot air ageing
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