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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 23 order and the amplitude of 0.01 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 4 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
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Fig. 1 Gearbox housing transmission structure
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Tab.1 Gearbox constraint stiffness value ~ N/mm
Position K. K, K.
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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Fig. 2 Gearbox housing measuring point and installation

(b) Installation site
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Fig.3 Vehicle-track rigid-flexible coupling
dynamic model
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Comparison of frequency domain simulation and test results of vibration acceleration amplitude of gearbox housing



ARG, A FEHUR SR 8 4t AR A AR Sk 5

2 BB TS ERE S

2.1 ERESDHRHRIERAEIREEZ M
2.1.1  HRZHEM B F R RIR SRR

ERAT SUNIASELLINES A WOk 27 N U =)
RPRG AR KB v, IR L - E e %
YRR 5 TV 18 e SR 5 S o 145 8 A 1R
PRSIEEIE )RR AN B, DR A B SE

T B AN B KA 100 mm, 7784 0.01 mm,
X} AT B AR 5 Fos R 3 R A5 2 IR B &
LT VTR AR A I A 4R S0 ek B RAEL, 9 22 1Y
AT M 240,270,300, 330 km/h 11360 km/h, %&
TRE BT s A SR RS BHR M40 2

IR G B AR Z R ECh 1B 11
023 B o

I 5 AT, 24 /N T 300 ke/h N, 5 5 AR A
AU 5 PR Sl R Y O AR A2 AR 2 B Bk
PR i % Ry B U, 3 M 240 ke/h 341131 300 km/h
i, 25 DN A 20 o 8 8 35 7 AR B R 22 Bl 4 4 T3
TnAERE G N o R — 42, 2500 A5 A 4R s
BESI TR AEAE 23 Bris 8l ik, 1L B a1 B &
o FEVTRCAR 0 3 DU s, DU BAE 30T Tl B PR
SN R R R . 2 R 300 km/h B
AT e B R SN R X O AR A2 e 2 R Bk
FA) S -, T 7 0 ) S i) Ll S, L o
HE BRI A < 0 55 A AE X7 1) R FR e NS 1E

24 16

—=— | st —=— 1 st a1 st
i ——11th ——1lth 2 0Tt
g8 2 ——23rd| §_ | 230 & | —=23rd
=W L R B =% 20F
2% 2% Z%
> B > T =
5§ 18 SE12) 5 5 161
o N (O =
73 g 16 g E = E 12k
o o
o8 4 v 810 o8
& & s 8f
5 12+ 5 5
10 1 1 1 1 ! 8 ! 1 1 1 ! L L L L L
240 270 300 330 360 240 270 300 330 360 240 270 300 330 360
Speed/(km/h) Speed/(km/h) Speed/(km/h)
(i) x-directioon (ii) y-direction (iii) z-direction
(a) Point 4
60 90 60
g it s it s i
29 s} SEPL PR —=23rd| S| —-23rd
EY 5% 1 5% 50
2 & 2 & =R
ZF 2560 PE
S 40 538 58 40
SR o= o= B
=R S £50 ERs
s 2 =2 =0
>0 30 > >
v 3 n 340 ©n 330k
S < 5 & 5 &
2 5ol 30
1 1 1 1 1 20 1 1 1 1 1 20 1 1 1 1 1
240 270 300 330 360 240 270 300 330 360 240 270 300 330 360
Speed/(km/h) Speed/(km/h) Speed/(km/h)
(i) x-directioon (ii) y-direction (iii) z-direction
" (b) Point B 18
it N it s
- —e— t —— 1] ——
£ ——23rd| § 23 | §_16F T 23rd
E% 20} 5% 8T 5%
2E S E S g4
ZE 18 ZF ZE
S S SS 6 S S 12t
5 E 16t 55 2%
£% 14} EL g 10r
2% 28 4 28
< -
Z° 2} > 2
10 1 1 1 1 1 2 1 1 1 1 1 6 1 1 1 1 1
240 270 300 330 360 240 270 300 330 360 240 270 300 330 360
Speed/(km/h) Speed/(km/h) Speed/(km/h)
(i) x-directioon (ii) y-direction (i) z-direction
(c) Point C

Fig. 5

&5

TELEE T E3 & Bt SR A A R 3 iniE B 1977 REA R
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Fig. 7 Influence of rail corrugation wavelength on the RMS value of gearbox housing vibration acceleration at different speeds
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Fig. 9 RMS value change diagram of gearbox housing vibration acceleration at different speeds
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