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Study on Vibration Characteristics of High-Speed Train Gearbox
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Abstract: [ Object] Explore the vibration characteristics of high-speed train gearbox housing under the coupling
excitation of wheel polygon and rail corrugation. [Method] The rigid- flexible coupling dynamic model of
wheelset, gearbox housing and track was established. Three vibration acceleration sensors were arranged in the
gearbox housing, and dynamic simulation was carried out under different working conditions to analyze the vi-
bration acceleration of each measuring point of gearbox housing. [ Result] Under the wheel-rail coupling excita-
tion, at the same speed and with the wheel polygon of 23rd order and the amplitude of 0.010 mm, the root mean
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square value of the vibration acceleration of each measuring point is the largest, and the wheel polygon has the
greatest influence on the measuring point B in the three measuring points. Under the excitation of rail corruga-
tion, the root mean square value of vibration acceleration of measuring point B is the largest among the three
measuring points under the combined action of harmonic torque of traction motor and gear meshing. The root
mean square value of vibration acceleration of measuring points A and C increases with the increase of ampli-
tude. Compared with the wheel-rail coupling excitation with broad spectrum, the vibration frequency caused by
wheel-rail excitation is close to the 5th order natural frequency of the gearbox housing, which induces resonance.
[ Conclusion] The resonance can be avoided by changing the speed of the train or changing the structure of the
gearbox.

Key words: high-speed train; gearbox housing; rail corrugation; wheel polygon

Citation format: ZHU HY, LU Q D, HU J, et al. Study on vibration characteristics of high-speed train gearbox
housing under wheel-rail coupling excitation[J]. Journal of East China Jiaotong University, 2024, 41(4): 108-117.

(PAREBEXEE SR O, e AR IR 2R
ZAE G| Ve 5 R Ge 2 2 AR N AN A2 5 |
MLV 2 HE R BT 7= A 0 S il , 5 380 o 91 4 U
AR ROV G2 Al s AN 4R
eI A R R R s bl S EUR R AR 1A
PRBNINH L B0 7 F SR K, 4 v Fe R AR Y
i Ao WIBA S0 BURE G VUl o VA7 58 A6 1A IR 2
PR FE R, X 3E S 45 1) e F s AR AR R Y 4544 1 1
HBAMHE R,

(BFFRBUAR | 9 A o 05 0 A8 s e T 00 T PR 3
R, Parey ST G R AR S RGN £ H R R
AU, Carbonelli 5538 11 4 BI040 B 45 21 14 58 4 1R
A BRI . 40 S O MR A A A AR T T
H BT, G & 408 - U &
A FE G R FE R O A T MBS S8, B Ak
TR 0 M AR S IR Bl S R DA B A 20 5 42
PRI T O FE A AR IR 2 e B 9 50 . Kahraman 55
FEVT RS AR R LS AN SR , WF A [R) Rl T 4k
SEME . Zhang SETX G FE AT EAT T Sl
Wl T AR A5 1T U R AR AR S5 74 i N Ty S o
A, i e R A 8o RN . PR LR, |
VISR TR B0 38 13 A W 75 R 458 IR L B4l g 145 e ik
MY e R AR R LU AR TR ) a7 WU AR AR 15
Wil s 15 %8 A I (8] i 20 s8OS B 14 AR AR R 25 = A A
KEHPRBN" PUBE AT R 2008 TO00F 148
RN ) AR A, SRR R I A R R AR T
HB 23 5 U FE AR R 1 A2 JTIRAR . WS AERLIE

AN 2 A Z2 8 00T B9 R AR 1A Sl B ) o3
Ay I, ¢ BRAE I i 10 RIS A8 3 10 L g R
B 7R AR IR B B SRR . AR AR 3%
T FE AR A I T T 24 v 1A e DAY Dl o i
AR A5 A7 , X 1 ER R T U RS AR A B4 U sl PRI
B,

(BB € ) AR SOt 7 4 - W 2 5 3 )
AR [ S N A= 5 22 T RISl , AT
FERCHRE TR T 2 A A5 AR AR R IR SRR

[ 5% 1) L ] 5 58 IR 45 Y0 o 147 A AR
ShFYERZ R, A 5 42 s A e A A A
G5 R DT 8 B A A2 R IR, A RO 1 A A A

FHT o
1 HERIEBEENFRE

11 FH-HERENZBEE HFEE
FEAL L2240 - 0B 3l ) E A A oh | WA fg

s TR ) (B AR R s A TR, A4
RGFLLCER 2 R A ISR ISR .
FORT A FC AR ARG S SRR AR, FLA 38 R W
PR R 20 G 3l 2R S8 PR B S Rh
D3, fE T B S e Wt A AR 45 A ik B 1
o WAL B RGeS K S N e A Bh
KA 56 FAR A 1, 22 5 | A ALY 2 3K 20 il 3K 5
N SR R R Al R R DN R (N A o e
b b NSl st et 22 51 5 A FT ik F AN A i an
B 1R



N

110 RS P LT

2024 4

Actuating shaft

Pinion

— Traction motor

b. 4

LU K/Iié
?

Driven shaft

/ A
—J Gearbox housing ] U
Large gear

1 ERHERHEN

Fig. 1 Gearbox housing transmission structure

FH Ansys #5788 42 2 MG A R AR, 7E N B
B 5 TR L AR RE AL T C B S BB AR R N2 AR AR
s s 5% A 5 28 ST H B I 24 o A0 W B2 (B n 3% 1
7N, SIS 5 A I shie 5 2l s d il S
FBhEe 5 4R Mg 3 A J7 1 LR NI, Fahie
S5 s AUMEEIN X Y PR 5 W M EE

®1 EREARNNIEE

Tab.1 Gearbox constraint stiffness value ~ N/mm
Position Kx Ky Kz
Longer side of axle ~ 8.49x10°  8.55x10°  8.55x10°
Shorter side of axle ~ 1.49x10°  8.65x10°  8.65x10°
Generator-side 3.51x10°  3.45x10° /
Wheel side 3.31x10°  3.21x10°  3.21x10°
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Tab.2 Gearbox housing and rail natural frequency Hz

Order Gearbox housing Rail
1 554.29 1.06
2 668.66 2.60
3 682.16 291
4 720.66 5.72
5 867.59 7.17
6 974.36 9.49
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Comparison of frequency domain simulation and test results of vibration acceleration amplitude of gearbox housing
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Fig. 6 Influence of wheel polygon amplitude on the RMS value of gearbox housing vibration acceleration

at different speeds
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Fig. 10 Power spectral density diagram of gearbox housing vibration acceleration
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