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Study on the Influence of Oil Leakage Volume on
Fire Spread Characteristics in Subway Train Traction Transformers
Fu Qiang Bi Haiquan Zhou Yuanlong Wang Jing
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  The traction transformer of subway trains, as a core component of the power system, is crucial to the fire safety of
the train. Oil-immersed transformers present significant fire hazards characterized by rapid spread and severe consequences due to
insulating oil leakage, with the oil leakage volume being a critical factor influencing fire behavior. This study employs numerical
simulation methods using Fire Dynamics Simulator (FDS) to establish computational models of the traction transformer and
undercarriage equipment compartment, investigating the impact of different oil leakage volumes on fire spread characteristics
within the equipment compartment. The analysis focuses on the heat release rate, fire propagation processes, and temperature
distribution under varying oil leakage conditions. The results demonstrate that as the leakage volume increases, leaked oil
accumulates beneath the transformer to form an oil pool. Both the fire duration and peak heat release rate show significant growth,
while the oxygen consumption by the oil pool fire inhibits combustion of other equipment in the compartment. When the oil
leakage reaches 50%, the side skirts on both sides of the transformer experience burn-through and detachment. The burn-through
areas concentrate near the oil pool, indicating that the zones adjacent to the oil pool require prioritized fire protection. Increased oil
pool thickness reduces the combustion efficiency of transformer oil, resulting in delayed burn-through time of the side skirts.
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Table 1 Thermal parameters of transformer oil
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By (kJ/g) 45.1
AR (K/kg) 200
i ri/C 343
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Fig4 Numerical calculation boundary conditions of

equipment cabin
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Fig.5 Temperature curve at fault point
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Table 2 Calculation conditions for different transformer

oil leakage amounts
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Fig.10 Fire spread process of traction transformer in

equipment cabin
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points layout in equipment cabin

M 12 (a) ATELEH, 680s B, JtJRE 0%
(K R IRBE X IR 2 x=-4.5m 7 B AL, LI BT
AP R AR DR HEAFER, B B S0 T A
SRR e, AR 770°C A . HARTH
A e 5 T 5 B T RF SR (P BRU, fEAE 51 AR TR
A R IAFRFBIRBRE, AHAF K R PRBR X IR EE A G v 7
x=-3.5. x=1.5 fr B AL, HritikEiE R 50% L K&
T5%WT, A% 2% — AR AR A A AR D I, x>-1.5
DX ok 30 P B S T AR 0, AN TR iR 22 R 4
79260°C . 810s iy i it B 0% 1) Tk K K & 4E 42
AR, 19 il X Iy e, iR
50%LA K 75% ) T AR ARG — 0 8%, A loe i FE idf
D, AL B T R 2 A KIS B2 320°C .
MEE 12 (b)Y Hridsn] BE 27 B 5 ki = 10 388
x=-3.5 0 B Ab U5 B i Yok b ) EE L P S 1) A AR
s AT FE D ERILE T e vl 5 B2 T 38 I B A T A R
R RR, X517 AW FLORRE— 202,

KR e Z 930s, MR 50%M T4
BR 35 H AR B B e B X g — 2B oK, EN A
AR it K IR GE, [RIE [ AR 5| AR AR SR A T
AT RS 78 73 AR, VA% i P IR B 35 B
FhiEe 1150 s B R & 0%I1) T A% 5] A% 1K 48 %
HZBRERR, eNEE R R, HAeTH
HH TR IR AR S, N I 2 S A 2 5 AR IR A8 A0
BRIGE, x=-4.5 1L B ANRFEIAE] 1000°C £ 4 . BEi
25% Mk By It Y AESR R, R b v DX e I R R
RTFHRTH, iR EEEREEG RS
b, FLHE ARG FE B TR T 17 50%t )R &
TR e s X It K, AR B 7 07
PREETE MR B, x>-1.5 X3kl B0 B s T H AR T
o

MELE 12 (e) LUK I 1470s B 75%3tt R &
IS R X i N v TR T, A KK



<524«

2025 4F

JEERE PA S KR B TR AR LU I, BRI 75%it
IR O OB & 1 AN, bRt —
$eTt, PRI x>-1.5 DX B W 2 Tk v, (EL it K

T THeE 25%. S0%ittie =yl b v 4856 L, i
Vb DX 3 IR A L PG . 1820s AR I 28 i 58 4
IR O 00 KK 58 4 78 T i, RBRam ],

JIZIRBEIHFE T REAS, FHRRSHEANTAA Wb T R L AR T, I 4R T 0 e e SR A A
2, G| AAANRE TS AR e, BLANE IR T H A& J, A IR IR PR
900 - 9200 —
—e— Jiit g i 100% —— ki 100%,
—r— iR 75% —— IR 75%
750+ ! —a g AES0% | 730} R 50%
[\ % fa s
& 600 / \ e 0% 5600 | —— 0%
ﬁj; 450 % as0 |
300+ 300
150 150 -
29.0 -7.5 -6.0 4.5 3.0 -1.5 0.0 1.5 3.0 9.0 -7.5 -6.0 45 3.0 -1.5 0.0 1.5 3.0
x (m) x (m)
(a) 680s (b) 810s
900 — 1200 —
—— itk B 100% —e— Jit i EE100%
—— i T75% —v— R 75%
01 I —a— i iEso% | 1000T —a— il S0%
f\ —e— iR E25% —e— R E25%
600} \ —s— R E0% |~ 800F —=— Jiit I 0%
o ‘. &
B ® ¢o0l
_?g 450 - = 600
300 400
150 200r
9.0 -7.5 -6.0 -4.5 -3.0 -1.5 0.0 1.5 3. 9.0 -7.5 -6.0 4.5 -3.0 -1.5 0.0 1.5 3.
x (m) x (m)
(c) 930s (d) 1150s
e w0 0 —— R 100%
—— R 75% —r— R R 75%
800 | —a— it 5 50% 800 - —— i H50%
—e— M IEE25% —e— R ER25%
- —— R E0% |~ —— R 0%
g 600 g 600}
400 b 400 |
200 N 200 F
I /‘T‘ 1 i 1 1 \\k I L r"'{'/T/l\”"""T"\ L 1

-9.0 -7.5 -6.0 -4.5 -3.0 -1.5 0.0 1.5 3.
x (m)

(e) 1470s
& 12

-9.0 -7.5 -6.0 -4.5 -3.0 -1.5 0.0 1.5 3.0

RERATIREE S

x (m)

(f) 1820s

Fig.12 Temperature distribution on the ceiling of equipment cabin
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