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ABSTRACT: Dissolved gas analysis (DGA) is currently one
of the most effective and widely applied methods for
transformer fault diagnosis and early warning. Investigating the
gas generation characteristics of transformer oil at different
fault temperatures is of great significance for improving the
accuracy of transformer oil overheating fault diagnosis and
promoting the application of new environmentally friendly
transformer oils. Based on the introduction of the fault causes
and the gas generation mechanism of transformer oil under
localized overheating, this paper classifies the existing
overheating gas generation experimental platforms external
heating, immersion, and tube heating experimental platforms,
and summarizes their advantages and disadvantages. Special
focus is placed on the key issues encountered in simulating
medium- and high-temperature overheating by using
immersion overheating platforms. The paper highlights the
current lack of effective methods to verify the accuracy of
simulated transformer overheating faults and suggests the
challenges and directions for immersion overheating platforms.
After introducing the characteristics of molecular dynamics,
the paper summarizes research achievements and limitations in
the decomposition mechanisms of mineral oil, natural esters,
and synthetic esters based on molecular dynamics. It also
reviews studies on the influence of electric fields and other
substances in oil on the thermal decomposition process and gas
generation characteristics of transformer oil, offering a
perspective on future research directions.
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Table 1 Classification and characteristics of
transformer oils
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Fig. 4 Chemical characteristics of natural ester molecules

B BRI W Oy 2 ol IR I8 R R A S B AT 2
ZIulEEg . MHECRIRER, & RER7E RA RIFHIEY)
FEARE S A s[RI W B S A AR e v S
U tERE, (HRCA B .
2.2 TEFBIHAR~SHE

A AR 2 R TR AR KR A S
Iy TSR G, 28 Heds b R AR r RGN
AR A3 7 ) C—C A C—H SR FL AN
TERIN R AW, AR AR E B 1 B0/
SR 7B 5 A A B A A o SN BT AL A B
Ho FI/N 3 5 )

5[] v s SR I A 0 SR PR AR ) 7
FIAG, SEHT VIR RIS RS AR Sy )
A IVA T

C(fl{A)+2H, = CH, (1)
2CH, =C,H, +2H, )
C,H, =C,H, +H, €)
C,H, +H, = C,H, @)
C,H,+2H, = C,H, )

W iR e A b S SRS O T S BT, AEARHE R
ARG E RIIRE TS PR BSOS A A1 iy
WA, AR 7 5 2 S RN R %, A
FHAS TR T B 2 1i I ) 55 A5 87 B RE T LA 55



8608 S N < | R I = SO 3

RIS RPHH AL, BE AR B RS E ) 5
Fe o W IR BRI T KB T AN RS S SRR
Z AR A o

M shirai ZEPZE IR 1, 0 4ih 4T 7E R

AR 5 A oL PR R TRV SRR S A s 88l
Bkt aa kA C-C BT RN . RIS 32 R 2R B
PR o 55— BORAR 1 B BN T -

CnH2n+2 - H2+CnH2n (6)
CnH2n+2 - H2+CnH2n (7)
CiHanz = CpoHy 0 +CH, +H, (8)

It A2 e A A BT RIS B v A i 2 — B B
RIRF-AIAGEE . I3 E I U KA 2 0 i,
RO AR M E 5 B BUA

% 45 %
e/
C,;H; =C,Hy +H, 9)
C,H; =C;H, +H, (10)
C,H, =C,H, +H, (11)
2CH, ==C,H, +2H, (12)

BT R SRR 1) 32 2 oy H il = BRI 1) R AR AL
HIHEAT T KEIRZK, CC Chang Z528H% H i Al H i
SRFRMARLRE, BE T 16 RSB
Alencar £t [ th B G HT A T WA H i =%
Be o i i, $R ik 5 B v AT H v = BR g
P AR . T AN AT H o = T, Schwab 451
75 1988 EFEH TNk 6 FroR A AN H i =54
AR, NRAEATH I =R E 1 C=C XU i
(PI4k 22 B 25 5 I AL

(RCOO)CsHs
CHy (CH,),C00 CHy (CH, ),CO -
CHO, CH,=CO
CH (CHa)np CH, CH, - CHa (CHa)np CH CHy -
CH, =CH, CH, =CH,

CHs (CH)n.s CH2 CHy h
C

H3 (CHz)n,z CH=CH2

CH (CHz)n,z CH; CH,CH;3

CH (CH2)n.2 CH, CHy-

CH3 (CHz)n_z CH:CHZ

&5 (afHB=ERESARITE
Fig. 5 Pyrolysis process of saturated triglyceride

o
V4
CH3(CH2)CHz—CH, CH=CHCH,—CHy(CH,)sC—0—CH R

Y
CHs(CH,)CH,—CH, CH=CHCH,—CHy(CH,)sC—OH

[0}
Vs

0
CH3(CH,)CH; - CH3(CH2)sC—OH
Hl /*\
CHa(CH)CH, - O Ho  CHy(CH,).CH; CO;

E6 NafHm=REARIIE
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Table 4 Comparison of characteristic gases from overheating in pipe heating
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Table 5 Classification and characteristics of transformer overheating simulation platforms
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Fig. 12 Molecular dynamics simulation process of

transformer oil
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Fig. 13 Schematic diagram of molecular cracking pathways of alkanes
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