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Abstract: To reveal the key performance degradation behavior and the microscopic pyrolysis mechanism of multi-
component mixed insulating oil after lightning impulse breakdown, a lightning impulse breakdown test platform is
established. The physicochemical properties, dielectric performance, and dissolved gas content of the oil samples
are tested under different oil-gap conditions. Furthermore , molecular dynamics simulations based on the ReaxFF re-
active force field are conducted to analyze the pyrolysis pathways of oil molecules and the formation mechanisms of
characteristic gases under the coupled effects of high-temperature and strong electric field generated by the break-
down discharge. The results show that with increase of oil gap, the performance degradation of the oil samples after
breakdown becomes more severepronounced. Among all parameters , the acid value exhibits the most significant in-
crease, rising by nearly 190% compared to the initial value under long-gap conditions, which can serve as a sensi-

tive indicator of impulse aging degree. Under long-gap conditions , the dielectric dissipation factor and volume resis-
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tivity deteriorate by approximately 53% and 40%, respectively, while the particle concentration increases significant-
ly and is mainly distributed in the 5~15 pwm size range. The H, and C,H. are identified as the main characteristic
gases, and their contents increase continuously with increase of discharge energy. The molecular simulation indi-
cates that under a low electric field, pyrolysis is dominated by stepwise single-bond scission, while a strong electric
field accelerates the pyrolysis process by enhancing molecular polarization and increasing the probability of chemi-
cal bond cleavage, and also induces ring-opening reactions of aromatic hydrocarbons. However, the formation path-
ways of characteristic gases still follow conventional thermal pyrolysis mechanisms. The study results can provide a
theoretical basis for the engineering application and insulation condition assessment of multi-component mixed insu-
lating oil.

Key words: multi - component mixed insulating oil; lightning impulse; gas generation characteristics; pyrolysis

mechanism; reactive molecular dynamics; dielectric performance; transformer; performance evolu-

tion; mechanism
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Table 1 Performance parameters of multi-element mixed

insulating oil
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Fig. 1 Lightning impulse test platform for insulating oil
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Fig.2 Multi-component mixed insulating oil model
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Table 2 Components of the multi-component mixed

insulating oil model
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Table 3 The physical and chemical performance variation

patterns of multi-component mixed insulating oil
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Fig. 3 Particle concentration of multi-component mixed
insulating oil
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Table 4 The dielectric properties variation patterns of

multi-component mixed insulating oil

‘ﬁﬁb%ﬁ@o <) S 25 mm 65 mm 105 mm
b= 7 . - P
HEE  hgERE R
AHXT A L E AL 242 2.41 245 2.60
A AR FE R £ 0.00479 0.00501 0.00620 0.007 33
VR AL/
7.2 7.1 6.5 43
(Xlom Q' )

MAHPERER , 5 AR 2RIl AR A L, Kt B
ZF 5 A BT FE IO N 29 53% , (B L B 3 R [
2 40% , KW i v S S il e R 2 i e )
FL WL S /N i ORE 20 3 AR BR  46 fig FH i
i, BEE WP R 3G, o 28 J5 AR I 4 BT ahi A8 PR A
ThEs AR T GB/T 7595—2017 iz 43l 4 i fii
FEPIECRAE 5 105 mm Y BT 7 28 5 BT AR AR AR FL R
R 4.3x10"° Q-m A T TS RAE, X A8
T ZIuiR G g S b S S TR e RE Ty
AT A5 G- TR R o



-84 - 202649

r §5°4 4

et HoM

23 BRLBEEHSHTSEEST

AR BREE B T 2 iR A 4a 2l 7R R o
2 5 T P R SRR R B L 4, 55 i b b
VSR R IEAT X b o 25 S, B A T P g 1
T, 3P A R G B S R R AR
Hili ZELR G AN B A i SRR S SRR
SRR B BN, S B E R 25 mm B,
H, A1 CHARBR A3 55003 531 294 138 /L AT 127 plJ/L,
N7 JE BT A7, CHL AT CoHL 24 20 /L, C.H A& F14
B, BRI B 1 5 65 mm B, H, A1 C.HL AR
2970265 pL/L AN 271 pL/L, T CHATS PR AR AIR K
ey YIHBREE ESIA 3] 105 mm B, HARFU M0 B 2T
2386 WL/L, o 5, CHL AT CHL A3 i 2
280 pL/LA160 pl/L, HIG A X /N, CoH R A 43
AR ZARAR

4001

—=—H, —e—CH,

350+ ——C,H, —~—C,H,——CH,
300F
250t
200+

150F

SRR HU(L « L)

100

S50F

= S

0 25 65 105
T B 25 /mm

El4 ZITREHESH M IRRSEERI Y

Fig. 4 Dissolved gas content in multi-component mixed

insulating oil
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