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Abstract

The parameters of traditional vibration absorbers are fixed, resulting in poor vibration absorption per-
formance in multi-frequency vibration environments. Therefore, this paper proposes a semi-active
variable-stiffness vibration absorber, which changes the stiffness and natural frequency of the ab-
sorber by adjusting the effective turns of the variable-stiffness spring. The variable-stiffness mechanism
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is validated through theoretical analysis. An adaptive control algorithm is proposed, which adjusts the
absorber’s stiffness at the identified external excitation frequency to achieve optimal performance. Fi-
nally, numerical simulations are used to compare the vibration reduction effects of traditional absorb-
ers and semi-active absorbers, theoretically verifying the feasibility of the semi-active absorber.
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Figure 1. Dynamic vibration absorber model
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Figure 2. (a) Amplitude-frequency curve of the main system; (b) 3D plot of the main
system’s amplitude-frequency curve

B 2. (a) ERGIRSEILZ; (b) ERGIRIIENL = 4E[E

HRAE ] 2(a) A& 2(0) 7 B FIWR AR AR R foe B TAR MR 5.3 Hz~7 Hzo IR &3 WIE K, &AL,
FERGUH RGN “IRIE A WA, HAR—SIRIGIRERTR, 5 IR IR RN . Besh, 1R
Gt (1 SRR AR 53 1) TARSUR th 2 A A2, 3098 7 WRRas K ARSI -

MR AR AR R TR, 2 5] NARRIBE K, I, AT LSRR R a8 (0 [ AT AR AN E R GE IR - AL, 244k
G IR S AR A S S I R ALK EENLA K, FRE AT A — € S0 PN IR T2 R SRR, SEBLR IR CR -
A BEI RS AR A KL ¢, 5 DU a2 23 3

v -0 (6)

WRIGA(B), 0 NINBIIIER, o, B TIRARAS AR . 250 TR 5 R 55 R a5 [ A A
[l F HAL BRI, WRARAS & A B SR, B R GRS e

3. ZERIEHI

AR NS NI FE I3 1R AR AS , a5t Bl 3 From e e e /AN 15 BECAH () £ 3 38 0 M 1 e e
PRALRE, WV R K N 5038 5 a3 i b R IR 23, b SRR T 2 B840 S5 Ah SR 1) R 2 I
WG, PN SR b 0 am e M e 1 5 R IR 20 BRI o B AR I PTG SN B ER 5 AR TR A
SPUE, SRR B A S SNIEETR TS .

T I WA T A1 T LR T P AN SRR A R, SRR R R O WIEE K 5 TR IR 20 R I
K, o AT S I IRHIR 25 48 A A 2 ) 115

MR 3, S AR LA B NI AT s A

K,K,

=—12 7
K, +K, )

DOI: 10.12677/ijm.2026.151012 117 VaE2TiS


https://doi.org/10.12677/ijm.2026.151012

IR, R

WS S A B S B S NI R RN

D4
K= 8N ®)
Horh D iR e A EAS, d NIRIEHEE R AR, N OUIRIE s S8 A R 2.
PN F
-— k
— O lin
HEE =
%‘% I e 2 1
§ DI i 2 A
" k2in k30ut
%
Figure 3. Variable stiffness spring structure diagram
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Figure 4. Relationship between stiffness and effective number of cycles
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Figure 5. Movement relationship between rigid rotating component and helical spring
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Figure 6. Simulation diagram of the adaptive vibration absorber system
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Figure 7. Time-domain diagram of the main system sweep
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Figure 8. Time-domain diagram of the main system at fixed frequency
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Figure 9. Time-domain diagram of the main system displacement
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