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Numerical analysis on acoustic-vibration coupling response of
high speed train carriage structure

XU Kai LI Yueming

( MOE Key Laboratory for Strength and Vibration School of Aerospace Xi’ an Jiaotong University Xi’ an 710049 China)

Abstract: As to the issues that the strong acoustic pressure which is generated on structure surface by
running high speed train would lead to a series of problems such as deterioration of ride environment and
structure damage a finite element model of acoustic—vibration coupling is established for a high speed
train to study the structure modes of carriages interior acoustic field modes and structure-acoustic
coupling system modes; for the special dynamic environment the harmonic response of coupling system is
calculated to study the vibration characteristics and interior noise distribution. The results show that the
structural modes appear a good wholeness at lower frequencies and mostly appear local modes at higher
frequencies; the vibration shapes of cavity acoustic fields are symmetrical and the coupling system modes
are same as the structural modes mostly; the vibration of carriage structure mainly occurs at train head
roof and wall; the displacement responses are bigger at the nose cone the bottom and the roof and the
sound pressures are greater at the head and the wall.

Key words: high speed train; acoustic—vibration coupling; finite element; numerical analysis

1 2011-03-11 1 2011-04-02
(91016008)
(1987—) - ( E-mail) xukail125@ sina. com;
(1961—) ( E-mail) liyueming@ mail. xjtu. edu. cn

http: //www. chinacae. cn



2009 N 350 km/h N
1
AY 1 _
’ 1.1
3
- ( ) 10
- (1)
- dv 9p” p _ 20p°
= _ 5= = =L = 1
VP ETP gy o = e (D
- ( FSI) ‘P P ;v Vi
* . 1966 GLADWELL ZIMMERMANN P’ ;€ Y
. 21970
2 1 62]7
. 1980 - Vp = g (2)
6 1.2 -
f— . 7 -
_ : 8 . (2)
. 9
- Lo Lo (o[22 [6{E 0 9
ﬁﬁp(v . czp)dv L‘_ap P4 fdﬁp Db L‘ap L1y i)ds =0 (3)
n A u(x vy z) ¢ ; s,
LU L p oy 2 T
v A, VA,
:Af ; Op
M yu+Cyu+Kyu=f,+A,P, (6)
M5 +Cop+Kyp=-p Ayl (4) M, Gy
M, C Ky o
K VA A
(4) (6) u
P -
S (v g A
o M, 0 Cullu
fauz( ag;,; +fi ~PU; _Iu‘uit) dv -
v ' K, (0) 0
a0 g
[ buloyn, - T)ds =0 (5) —A" k1l

http: //www. chinacae. cn



44 2011

2 “
- (
2.1 7 ).
_ 1.
() (b) (¢ -
1 N -
Fig. 1 Finite element models of carriage structure inner acoustic field and structure-acoustic coupling system
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Fig.2 Modal vibration shapes of carriage structure
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Fig.3  Acoustics modal vibration shapes of cavity
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Fig.4 Modal vibration shapes of structure-acoustic coupling system
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Fig.5 Schematic diagram of electric multiple unit CRH 5
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Fig. 6 Whole vehicle vibration response under some frequencies

5 ~75 Hz

()39 Hz ()52 Hz (g) 72 Hz

7

Fig.7  Sound pressure distribution under some frequencies
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9. Fig.8 Some observation points of harmonic response
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Fig.9 Structure displacement response at some observation points under 5 ~75 Hz
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Fig. 10 Sound pressure response at some observation points under 5 ~75 Hz
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