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Fig. 1 Simplified model of the urban rail train gearbox
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Tab.3 Physical parameters of lubricating oil

R 6/(°C) W p/(kg-m?) 2 S v/ (mm’sT)
20 857 330.7
40 845 116
50 839 74.9
60 833 50.7
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Tab.4 Churning torque and total power loss of gear at different

speeds
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Tab.5 Churning torque and power loss of gears at different
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Fig. 13 Distribution of convective heat transfer coefficient and

temperature on the meshing surfaces of gearbox
35 ZE S S SEE R VAN R et B R B R VE vl
JIFET R, AR BN R B

100
m EEE
mm \FhE
g0 L 199
70.6 731
63.2
© 60 - 550 56.5
X
] 40 +
20 +
AR AL AL

T
El14 ARMGHETEREMNSEERSEE
Fig. 14 Maximum temperature of gear face at engagement under

different initial oil levels

vy S EAT R 114 AT TR L B 0 A7 T 90 T R R A OC
Aok R A UAT TR 3 R S f 10 T o 2 R AR, B U
AN, BEEEBOR, S E0R G R A A
B, KRR AR A T A v i B VR (ELTE
W

Ty = 140C - Cy
Kb, CONREREG C ik RS B R 4 MG
RO R AT H

1.5E

C =57 E (14)
75 + R

Cy=( R )0 (15)

2R,R,

Ro=R VR,
K, ERUENE S0 CHAYEICEE, Pass; RN
i TRDRE B SRR R, RN, N
ﬁﬁ*ﬂ*ﬁ%g > Mo

20 (13D AT, 3890 445 % A 47 T e v U
VFHME N 163.9 “Co HE 14 A7, 14 DR LT
FHME, B AR AN 237 A e R AL

4 RIGTEIE

N B T — ZE R 2% 5 = 2B BROTHE £ 14 e
FEWLEE S (5 ELBE AL HERR PR, AT ST R TR E
— B U R I W G, X SR (B SR
AIEEPE
4.1 KWENA

P15 MR 5 A B, 2 ) iR L Bl
B AR AR L s £ BRI 4 O e AR A
W WHRAASE . HEMGS S50 B8 5
SRS 5 SR B s A B A s 16 PR . o,
Ze A A A L A I R O AR AR AT
LDl B S o g A g P 0 DIV A O = < T e
DU A5, DA R B fg Al AR R 5 14 R A T Vil R
S TSI A, DA S S AR N R AR s
— MR IERES T AR L gk A A R
U AL R 2 S PT100,  H i 4 3 [y —200~
600 °C, MEHREE N AL, [FRELA WP-D807 Bk
AT

(16)

E15 HBEAARHE
Fig. 15 Test bench configuration plan

El16 ERHEKEAE
Fig. 16 Gearbox test bench



8 Mtk E =

4.2 HES5KBERXILE
4.2.1 Ao E ARk

R7 WARRENHESKEER

Tab.7 Simulation and test results of bearing temperature
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Analysis of splash lubrication cooling characteristics in urban rail transit
train gearbox

YANG Linjie' ZHANG Bohan' CHEN Huixiao' SI Haonan® SHI Lubing'
(1. ZRIME Gearing Technology Co., Ltd., Zhengzhou 450001, China)
(2. Suzhou Shon Cloud Engineering Software Co., Ltd., Suzhou 215000, China)

Abstract: [Objective] The gear drive device of urban rail trains adopts splash lubrication method. To study the influence of
lubrication and cooling characteristics on the transmission efficiency and service life of gearboxes under splash lubrication
mode, reveal its coupling mechanism, and meet the engineering application development needs of transmission systems.
[Methods] Firstly, based on the improved semi implicit method of moving particles, a simulation model of the splash lubrication
flow field in the gearbox was constructed, and a second-order least squares model was introduced to improve the calculation
accuracy; Secondly, a thermal flow coupled temperature field simulation model of the gearbox was established by combining the
thermal network method and finite element method. The focus was on studying the influence of the input speed and initial oil
level height of the gearbox on the oil stirring power and system lubrication and cooling characteristics. The accuracy of the
temperature field simulation prediction model of the gearbox was verified through tests.[Results] Results indicate: oil churning
power loss increases exponentially with rotational speed; the gearbox convective heat transfer coefficient continuously increases
with rising oil level, the larger the convective heat transfer coefficient, improving system cooling performance; minimal
temperature rise in gears and bearings occurs at 1 900 r/min with medium oil level (262 mm below low-speed wheel centerline);
simulated bearing and oil sump temperatures align with test data, with relative error below 8%. This research provides
theoretical foundations for optimizing urban rail train gearbox design, offering significant engineering value for ensuring subway
operational safety.

Key words: Gearbox; Splash lubrication; Temperature field; Oil churning loss; Urban rail train



