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Abstract

Pneumatic test rig is the key equipment for reliability enhancement testing, which is composed of
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a table, support springs and the air hammers mounted under the table. In order to ensure that the
virtual values of the test rig’s broadband random vibration acceleration reach a certain level, the
vibration acceleration response was simulated through Ansys/LS-Dyna at the beginning of the de-
sign, and then it was identified that how the springs’ stiffness, their mounting positions and the
combination of the exciters affected the acceleration response. The actual design was completed
according to the simulation results and the measured results showed that the designed test rig can
meet the needs of the engineering application.

Keywords

Reliability Enhancement, Pneumatic Test Rig, Numerical Simulation, Aided Design

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

80 EARHILE N Ao I e 3B & R IR, ATk O 2 i T 3B ek i m A b, N5
PERISE SRt TR A B, S AN R RO S ) R, X R M A T e G AR AL SRR
A FEPESRAG IS (RET) IE /& 25 G Al YO — [ U B f 7 (1], B AT A SEPE AR RV 2 AT AS B T M
FA[2] [3] [4] [5] [6]e ZESLHEsmALRY g A Z0 B4 AH N (B4, AR G981 & 3E4T RET AR IS 3 F
FEREMI T, (EARIGHS e bR, At BT, oV RET MIER . Rk, — R i = OB 1<
Al EEE SRR & ROE T AE[7] [8].

H A1 B A o] S M s AR S0 B £ B E BEE R E SR B, CSZ. Qualmark Al Hanse #fi/Z{ft HALT/HASS
R ARG AT, CWIHHZNRIF . G FEAMNGTE, Bl ie R 5 1 & i
FASDEN . AT, EFRHE R AT SEv 000 = /e i I R R AL R N TR 7R & TAE, XHAL
G IIHRENE 5 A LI R VERE[9] AR A 7 S SR TERERISEIN[10]. IRBDCARE & s [ 1155 77 T
HBEAT T EARA T, BARARBCTE H SRR s B A R A S T SR A R 1A BT T B IRk
fitlhe A6 SRR K 2% T SV TAR O AE W] SE R IR0 0 7 TNAS T — 28R . [ N w0 B SRR T
SEMESRAGARIE B B i, B SEPR BT A,  RUTE BT 7 A BhEME 0 BT BOR e S 8T

LS-Dyna &t 5t I i3 4 @ H Wonsh i ke y, RIOES T H sl . R & s 25
JELeMEBN Ayt A R 12]. Bl AT SR s AR IR & BOHRIE N V= A A e AR 7, BORA Ansys
) LS-Dyna FEHG X — it FE AT R A5 8 J1 22 BUE A B
2. NEEREXTIERE

SR e EME 1 R, WG FEARE G, M S E A RS MU R By, &
BRI EERE, JRE 2238 Z2 /N, BRSSP S ZE AR s B i A R A
MR A SRR A IRE -

WIS 6 AR A T M RES B & T b o e B I B S S A U . MR 2 g, H KR )
A28 1), ST 5 T IR 7 (1 T T 5 AR5 MEL T e 2 52 1) S 385 NI B AN S A B DA S R /NS 2H
SIS, DRI 55 58 A7 B0 T SR e i A 1) S A S S I 2 2 7 8 D R S R A 3K

DOI: 10.12677/met.2020.96061 571 IR N EASE N


https://doi.org/10.12677/met.2020.96061
http://creativecommons.org/licenses/by/4.0/

Fh F

Figure 1. Curve: schematic diagram of reliability enhancement testing rig
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Figure 2. Curve: internal structure of the excitation hammer
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Figure 3. Curve: installation form of the air hammer
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Figure 4. Curve: finite element model of the table
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Figure 5. Curve: acceleration response at the table’s center (D = 55 mm)
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Figure6. Curve: acceleration response at the table’s center (D = 60 mm)
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Figure7. Curve: acceleration response at the table’s center (D = 65 mm)
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Table 1. Coordinates of the springs’ install locations
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Figure8. Curve: acceleration response at the table’s center (K = 10,000 N/m)
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Figure9. Curve: acceleration response at the table’s center (K = 25,500 N/m)
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Figurel0. Curve: acceleration response at the table’s center (K = 255,000 N/m)
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DOI: 10.12677/met.2020.96061 576 IR N EASE N


https://doi.org/10.12677/met.2020.96061

FW F

Xt EEAN TR 5 WIS T F) AR Lo DR R M )82, T DA I BB A TE 2200 . AEAFINIEE T, SRR
AL EE M RN 11~13 B

DiFiIe: E:\111111\lytest2\zhengbanmoxing

Node no.

A 17478

Y-displacement (E-03)

Figurell. Curve: displacement response at the table’s center (K = 10,000 N/m)
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Figurel2. Curve: displacement response at the table’s center (K = 25,500 N/m)
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Figurel3. Curve: displacement response at the table’s center (K = 255,000 N/m)
13. RO RIFIR (K = 255,000 N/m)
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Figure 14. Curve: acceleration response at the table’s center (combination mode 1)
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Figure 15. Curve: acceleration response at the table’s center (combination mode 2)

15. BtRFOIMEEMREEEHR 2)

DOI: 10.12677/met.2020.96061 578 IR N EASE N


https://doi.org/10.12677/met.2020.96061

FW F

File: E:\111111\lytest2\zhengbanmoxing

Node no.

A 17478

Y-acceleration

Figure 16. Curve: acceleration response at the table’s center (combination mode 3)
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Figure 17. Curve: acceleration response at the table’s center (combination mode 4)
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Figure 18. Curve: acceleration response at the table’s center (combination mode 5)

18. BtRFIOIEEMEEER 5)

DOI: 10.12677/met.2020.96061 579 IR N EASE N


https://doi.org/10.12677/met.2020.96061

Fh F

X LA 75 2 b G AR O B s M S v A AR, S5 SRR 2 PR

Table 2. Grms at the center of the table under different air hammers’ combinations
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Figure 19. Curve: physical diagram of the testing bench
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Figure 20. Curve: measured acceleration response at the table’s center
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