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ABSTRACT: The work aims to explore reliability and limitations of the virtual random vibration test system built by combin-
ing finite element method and closed-loop random vibration control method, and find out the next work direction. A virtua ran-
dom vibration test system was built and the virtual test results obtained were compared with the physical test results. The whole
process was as follows: A random vibration controller model and a vibration system model were built respectively, and then they
were combined into a whole closed-loop random vibration virtual test system. In the controller modeling, the whole closed-loop
control process and control principle of random vibration was introduced. In finite element modeling of vibration table, the finite
element model of moving coil and boundary conditions were introduced. After finite element modeling of the vibration table, the
fixture and the product, they were revised according to the modal test results. The ways to modify parameters of the finite ele-
ment model so that the modal simulation results were consistent with the modal test results were introduced. The finite element
models of the vibration table, the fixture and the product were combined into a finite element model of the vibration system after
modification. The finite element model of the vibration system and the controller model were combined to construct a
closed-loop random vibration virtual test system. The virtual test results were compared with the physical test results. The com-
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parison results of the two were basically consistent in the low frequency band before 400 Hz. According to the comparison re-

sults, a summary and analysis were given in the end. It is concluded that the virtual test results of the virtual vibration system

built by this method are relatively consistent with the physical test results in the low frequency band before 400 Hz. The future

work is presented.

KEY WORDS: virtual vibration; random vibration; finite e ement; vibration table; modal test; model revision
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Fig.1 Diagram of overall virtual vibration system
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Fig.2 Control process of virtual random vibration test

1) A0 BB A S A B R R (1)
5,

H - PSDco )

PSDpp

AP PSDep MUK S5 S F B A7 5 1 H 3
0/Hz; PSDpp AIRENES [1, o/Hz; H WAL
0 BRI

2) FEHLIRSAR R, R G RS
FAE TR IR K S .

PSD, =|H™* [ -PSDg )
A PO NS HIE, QZ/HZ; PSDp MUK B,
g’/Hz.

F 2 0 4 SR S T — 0
sk (3) PR,

(PSDy),, = (PSDp), [~k

I (PSDC)i (3)

Kb (PSDp) A4 HTEK SN ; (PSDp)ivs N F—
KR BK ST 5 (PSDe); oA 4 AT il 3

XS BEALR 2 R BR B3 (AR ) S AR AR A O
B, BRI A H AL R BENLIR Sh P 500, K Shi%
FeA s R S 5 5ok RS PR 8 65

3) WKahik (B ) S IS5 S .
WXl n] LA 2SR S (5 = B R, Bl iR (e A5 B RE
P RARAT RIS =, AT AR AL REALIE S, 5 5K
55 B R AE-FE I BEAL RO A AL 5 B, HEA7 10 B
WA, Al LA RIS D BEALE 5 o PRRERLES 5 it
AT LD B AR N SR SRS (55, W BT IS LA
AL B XA BEDLAL S B4 DA BEAILAS 5 283 438 01 2 1]
J&, BRI 2GS, REHETIESm, i



F20% 4l

BT, A R PR Sl R AR B SE - 117 -

TR R 3 5 5 B E LS 5

I IR S (5 5 2t I R R s, sh#ksh &
T S ER IS B, A% AR I B A5 38 A DR R Tk
TR HL AT 38 2 A A o 4 T ASCRR 0 Y i A% Jet A
A YA HNIE , 256 S B I5ACY ATk g, He X
(3) HEEARITR G, Bk N — KR aE,
1.2 IRSENWIREZEER
1.21 R & JLMER

Rzh & RIS E MG, g - AR
FRF 1 R e 7E B L, B ARG I s S
FEFENCIE I, il 3 4 iR . shlEE B shi
e, 7=l e B B AE sh B L, S s s gl
Sl B ARG BRI R, 2R B by [ 1 e e B 1
B b E A EE ST A PRI I B0 A A AR
IR

K3 ksl A
Fig.3 Overall model of vibration table

K4 DR
Fig.4 Moving coil model

1.22 FEMWERITER

SREEIR S B O, RA R oo Ext
ST RS S o3 o R AR B, BRI AR R
BE, BB ERCR RS HE IR 43 2R FH DY i A
DR K 43, X FIL IS 43 SR P T BT HE AT A R 4
WE 5 s,

oy P 1 2R RN 4 P 2 ] 32 B2 P S X6 IO ) A A A
BRI AER B 5 1) TAESRZ Hh, X 2R Gemi o (1) 5% 1
FLER /N, B SR 4 B () A o0 W 42, K o B AR

b Hif

K5 BhlEl kG A R R
Fig.5 Finite element model of moving coil (a) and platform (b)
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Tab.1 Comparison of modal frequencies of fixture modal simulation and modal test

ML EATEMRMz  EARBEIRMz  RmE% | B RESITESR/Mz  BESIREHRMz R %
1 258.13 254.843 1.3 5 1179.2 1172.652 0.6
2 382 381.203 0.2 6 1190.6 1177.927 1.1
3 482.74 478.644 0.9 7 1301 1294.221 0.5
4 664.76 658.475 8 1936.8 1921.371 0.8
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Fig.6 Various vibration modes of fixture: a) 1st order; b) 2ed order; c) 3rd order; d) 4th order; €) 5st order;
f) 6th order; g) 7th order; h) 8th order
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Tab.2 Comparison of modal frequencies of product modal
simulation and modal test

Mg RIS ERHz RS R/HZ 1»ae%/%

1 256.99 263.875
2 595.47 584.94
1016.6 989.132
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Fig.8 Various vibration modes of moving coil: @) 1st order
(torsion); b) 2ed order (breathe); c) 3rd order (Telescoping)
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Fig.9 Diagram of vibration control points
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Fig.11 Comparison of 1# physical and virtual test results (a) and simulated time domain waveform (b)
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