Open Journal of Acoustics and Vibration 22 54g3], 2021, 9(4), 166-178 Hans X
Published Online December 2021 in Hans. http://www.hanspub.org/journal/ojav
https://doi.org/10.12677/0jav.2021.94017

4
iy

REXFIREGEMSR

ek, ¥ M, REHG
ez K, Jbi

i

Wk Hi: 20214F11H15H; FAHHEM: 2021412 10H; KA HM: 2021412 H20H

=

BEARNEHGERERRIERBZERMSENEERERES . SRETIAMENZHEHRE SR AR
WATERAE, M3IEAFRBARS & SBRES AR R K. ARERE RS ZEH Bt e ERE
5, MRERENHTEABEHEESTOEE. FHARERETEEE, XAREREITS
2, T RESFEER RS KRR R, BRI DR L. FF R T on
RS HFEESE R REATRBTE, FTARNMRESEGHEER . BT RERRIR
48, WABIEARTERETREMS-ERSEERATPONER, MRAEREHEERYS,
BAE T AH Su0 KR R AR o

XKigid
RIS, RERE, REFES

Research on Simulation Method of EMU Air
Whistle Sound

Xudong Liu, Peng Yu, Leiming Song

Beijing Jiaotong University, Beijing

Received: Nov. 15‘h, 2021; accepted: Dec. 10th, 2021; published: Dec. 20th, 2021

Abstract

The sound of EMU air whistle is an important auditory signal to ensure safety and efficient opera-
tion of railway. The railway industry standards strictly stipulate various parameters of air whistle
for locomotives and EMU, but sound insulation of shroud reduce the sound pressure level of ex-
ternal sound field. In order to ensure that air whistle can transmit signals safely and effectively, it
is very important to accurately simulate the sounding process of it. Based on working principle of
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air whistle, Fluid-Structure-Interaction analysis method is used to simulate the process of diaph-
ragm vibration produced by high-pressure air flow, and then the pressure change curve at the air
whistle outlet is obtained. The propagation process of air whistle in external sound field is simu-
lated by finite element method, and then the external sound field distribution is predicted. An air
whistle test system is established to test the total sound pressure level (A-weight) and frequency
of the air whistle under different working air pressures, which further verified the accuracy of the
fluid-structure interaction and the external sound field simulation method.
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Figure 1. The diagram deformation caused by external force
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Figure 2. The finite element model of fluid domain
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Figure 3. The finite element model in solid domain
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Table 1. The 1st-6th frequency of diaphragm vibration structure
1. ERRENEENE 1~6 IR

BT B IHz

1 626.46
1179.4
1179.4
1935
1936.7
2208.9

o o0 A~ owWwN

TE ANSYS Workbench f] TransientStructural fEk i, FEHRBNEEMNT N AL B W E B 4w, ERAY
W B BB N — AN RAE R 730007 o 1 B 5 A W 1)\ e 350 4 ik T 15 9t [T 48 A T, - 00 A

EREIE . HARBE WA 4 Fros.

D: Transient Structural

Transient

T is ANSYS
2020/6/22H5=16:43 R15.0
[A) Fixed Support

y
50, X
[ —]
25.00

Figure 4. The boundary condition setting in solid domain
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Figure 5. Displacement curve at the center of the diaphragm
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Figure 6. Diaphragm deformation at the maximum displacement of diaphragm Center
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Figure 7. Displacement response spectrum at the center of the diaphragm

7. R Rl R A A N R S

33.2. MEHERSHT

£ t=0.00205s, B Fr i f e KIN, MU SEE 2) 0 At L an 1] 8 e eyt i b
B U2 RRANRIA AL, K J{E 435 103,796.32 Pa. 103,773.65 Pa fl 103,725.69 Pa.

HE 8 i LA, ST A DSEEEANRE R, FHEIFE T W RSN, JE2 S8
TR JIR IR ZE B RS N R 3 0 A 350, & T =38 A TE 0] i N SR AR5 S0 2R 1 AE
IO, EHMES R O SRR N B s], RRmER g .

2.705e+005
2.164e+005
1.623e+005
1.082e+005

5.410e+004
0.000e+000

Figure 8. Fluid pressure distribution at the maximum displacement of diaphragm Center
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Figure 9. Interaction surface pressure distribution at the maximum displacement of diaphragm Center
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Figure 10. Pressure at outlet center point
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Figure 11. Sectional view of the air whistle external sound field finite element model
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Figure 12. Pressure distribution in the external sound field of air whistle
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Table 2. The sound pressure level calculation result of the external sound field
2. NEINEHEERITESER

W 5 G FBEI B Im A2 T Pa 72 /dB A TR 2 /dBA
1 0 0.625 1741.34 158.80 156.77
2 0 1.25 1587.22 157.99 155.96
3 0 25 900.72 153.07 151.04
4 0 5 18.64 119.39 117.36
5 45 5 15.92 118.02 115.99

TR B B R 1040 B 5 78 I BB V45 SR mT i, XUES A 75 37 0 A 75 s 2 EH BRCo 75 I A [m) 32
bR, A R AR B SR A, ERRUED 5 IR0 117.36 dBA, TIE 4525 7 B 7 R 2%
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Figure 13. The microphone is placed in front of the air whistle
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Figure 14. The test microphone is placed in air whistle 45° extension line
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Table 3. Air whistle test results
= 3. NEMRER

e A E/MPa L #H B5/m B ESUABA TAESZ Hz
0.60 0 5 116.20 621
0.70 0 5 116.74 621
0.75 0 5 117.57 619
0.80 0 5 118.39 615
0.90 0 5 119.03 611
0.75 45 5 117.16 619

HH#¢ 3 AIANAE 0.75 MPa [ TAE UL R, XUE RS AR N 619 Hz, FEARAEN (BRI IERT T 5 m 855
AN R 2 A 117.57 dBA, 7E 45 HG5 77 5 m 475 2% N 117.16 dBA.
KB AERNRUE A 0.75 Mpa B, vl A B EAIAR G 45 kAT X He, e 4 frs:

Table 4. The comparison between test results and simulation results
4 MRS REHELE R

S R Z/dBA ARSI IHz
IR 117.36 615.2
SEHG A IR 117.57 619
R 0.18% 0.61%

TERER AN 0 B, IERT T 5 m S5 mAab il s /s 28 117.36 dBA, BN 615. o TEFRAEDN] &
R BRI SLE0 75 R 45 A 2 0.21 dBA, %%y 0.18%, #iZR4EEAZ 3.8 Hz, #2142 0.61%. S
RS R 505 Bt 85 I A, UERA SO 50 XU P8 AL 3R LR R A B v RUE L
5. &g

1) A SCHRHE R S5 A AN AR SR 8, ok IXURR R IR 5 & 75 465 M) BT A TS b, 19 BB A 1) 1~6
IS AR, %458 1 AR N 626.4 Hz.
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