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Variable mass dynamic vibration absorber and
its performance of vibration reduction

GAO Qiang', FANG Xiang-bo', ZHAO Yan-qing', DUAN Chen-dong®
(1. School of Automobile, Chang’an University, Xi’an 710064, Shaanxi, China;

2. School of Electronic and Control Engineering, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: Aimed at the defect of narrow band of traditional dynamic vibration absorber (DVA), a
novel adaptive dynamic vibration absorber based on variable mass was proposed in order to obtain
the wide band DV A. Different from other adaptive dynamic vibration absorbers based on stiffness
or damping modification suggested by other researchers, a variable mass element, i. e. a liquid
box was introduced in the new DVA. By means of injecting liquid into or drawing liquid out the
box, the DVA mass could be changed, while its natural frequency could be adjusted too. The
performance of the new DV A in vibration reduction on a primary system was studied via simula-
tion and some experiments. The results show that the proposed DVA can reduce the vibration of
the primary system over a much wider band comparing with a traditional one, and the maximal vi-
bration attenuation in an experiment is about 29 dB. The vibration reduction is obvious. The vari-
able mass DV A is of great significance for effective wide band vibration reduction. 1 tab, 5 figs,
12 refs.
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Tab. 1 Paramaters for simulation model by Simulink
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Fig. 2 Frequency response functions of

primary system by Simulink
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Fig. 3 Experiment system
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Fig. 4 Frequency response functions of primary system
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Fig. 5 Frequency response functions of primary

system when variable mass was applied
4 &£ 3
Zo Im

(Dl 5 NS i o0, A SCHR T —Fh AT
DSOS 5 T R AR i ] AT AR 3 L DT B B A AR
JIH3 2 AR A ) Bl ) W AR 4

(2) #) A Matlab # Simulink #4789 45 B £
B W 5T 4 R W] 5 1% e WA s AH EE 78 S5 S 2l ) Wk
AREAE E IR B BN £ R GRS, IF A
A D o Xof A8 o T 2 B R AR L 3R B I AR A
BT B+ e — R 80 RO 9 8 3 g W R %

(3)TE Ja Le W 58 s T faf X6 W 4% 4 o & 2F A7 PR
RGO e A A T e T B PR 22 2 Bl O W AR
g R FE R G IR DL S A s /N A AR v s B R
SR AR T X W R 2 P R 1Y R e A5 T AR A IS
SERAGRDT AR, b R TR It 28 TR AL R RE AL
P S A8 J57 A T 38 3 3 722 1k 7R JFL TR B Ak
T /NG AR 3 % WA A1 i 9 41 S50 2R 1) 5 il e — A~ 45
WFRYBESE T I . 31X L S5 2 R] A I 5T O T AR T i

S EZ 3k

References:

[ 1] Williams K,Chiu G,Bernhard R. Adaptive-passive ab-
sorbers using shape-memory alloys [ J]. Journal of
Sound and Vibration,2002,249(5) :835-848.

[2]

Walsh P L,Lamancusa J S. A variable stiffness vibra-

tion absorber for the minimization of transient vibra-

[3]

[4]

[6]

L7]

[8]

L9]

[10]

[11]

[12]

tions[ J |. Journal of Sound and Vibration, 1992, 158
(2):195-211.

Nagaya K,Kurusu A. Vibration control of a structure
by using a tunable absorber and an optimal vibration
absorber under autotuning control [ J ]. Journal of
Sound and Vibration,1999,228(4) :773-792.

Hill S G,Snyder S D. Design of an adaptive vibration
absorber to reduce electrical transformer structural
vibration [ J |. Journal of Vibration and Acoustics
Transactions of the ASME,2002,124(4):606-611.
Holdhusen M H. The state-switched absorber used for
vibration control of continuous systems[ D]. Athens:
Georgia Institute of Technology,2005.

Deng H X,Gong X L., Wang L. H. Development of an
adaptive tuned vibration absorber with magnetorheo-
logical elastomer[J]. Smart Materials and Structures,
2006,15(5):111-116.

WA SR BT 0 Bk I R AR R r IR B2k 323
FEb )] A% 3 TR 24 . 1997, 10(2) . 125-130.

HU Hai-yan, JIN Dong-ping. A semi-active vibration
control strategy based on piecewise-linear vibration
absorbers[ J]. Journal of Vibration Engineering,1997,
10(2):125-130. (in Chinese)

F AL, 322 A EL R AT B AR B A R R
i ORI . 5298 12,2007, 22(34) - 429-434.
WANG Lian-hua, GONG Xing-long. DENG Hua-xia.
Adaptive tuned vibration absorber based on magneto-
rheological elastomers and its optimal control []J].
Journal of Experimental Mechanics, 2007, 22 (34)
429-434. (in Chinese)

e, B 9. s SR Ak gl X8 ) R AR Y AT
FELITs I TAEHLAR S 4% 2007, 5(3) : 253-257.

JIN Xiao-xiong, XIAO Yong. Study of air-spring-
based semi -driving dynamic vibration absorber[]].
Chinese Journal of Construction Machinery, 2007, 5
(3):253-257. (in Chinese)

TRIRI L 38246 T AL AT 5 AT 3R] 3l W 4R s B H
PRFFPELT ] R 80 5 7 . 2010,29(2) 1 1-6.

XU Zhen-bang, GONG Xing-long. Mechanical vibra-
tion absorber with tunable resonant frequency and its
vibration attenuation characteristics[ ] ]. Journal of Vi-
bration and Shock.2010,29(2) :1-6. (in Chinese)
/NI AL, 7 E B B TR Bk 3 2 1 By W AR A%
ry e AR ], k3l 5 by . 2012,31(1) 1 1-4.
ZHANG Xiao-long, DONG Ya-bing, ZHANG Xiao-
zhong. A new ball type dynamic multi-direction vibra-
tion absorber[J]. Journal of Vibration and Shock,
2012,34(1) :1-4. (in Chinese)

Gao Q,Zhang W F,Liu B C,et al. An adaptive tuned
vibration absorber based on variable mass[ J]. Noise

Control Engineering Journal,2011,59(5) :491-496.



