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Fig. 1 Negative stiffness vibration absorber model
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Fig. 15 Frequency spectrum at the first mode

of the main system

R IR B RS AR SR R 16 () TR, T R G %
T i 5 S AR A S 2 B R AT R PR R

TEAR SR B ) WMAR A I AE T F R G IR IE
HH PR R 13X 5 2R 0 Y R A L IR W A X L (H 2
B T MRS )RR S F I ERE W RS
WA R A — B RS A A 3R A Y DR OR B 2. 2
FR 0 L 0 i ) R R IR 4 S 4 A R 0 [
16 (h) iR s i KILHRIE IR (2 4. 326 m/s”, K%
2BE By 77 W i 2B I 1Y i R e e 068 i i 04 (21, 278
m/s”) M EE S RIE R T 79. 7% D PR AR B

PR S
207 AR
10
g 0
3
_10_
_20_

(I) é 1I0 1I5 2I0 2I5 3I0
t(s)
(b) B RIS

(b) Grounded negative stiffness device

W 5% 5 X 2R 9 4715 A M) O P 5 ) X G

Fig. 16 Comparison of sweep time domain response of vibration absorber to main system

TEFIFCRZS T - SR T 2 M 38 19 01 5
R 15 2 K TV v 1) WL 48 B R e A LR R R

DR AR TR IR 2 28 8 R S m 8l g W I 4% 1
G S — AR 5 I3l &R G 8 AR G0 SR R



« 620 - W g 22 4l

2025 42 46 &

PR SN B R L TR AR T T a2 e Bl g
P 2 VEA T IR 0 A SR e A

B 17 Ca) AT 7E 3 R S8 — W B S 0 % R gk
A7 2 B S 6« 3 T b 99 3 R AR 4 AOR 8R
B R GRS gl ) AR B RS T
6.13 m/s* 48 T 3. 076 m/s*, P 3§ 5 R ik 3
49, 82040, K 2z M 550 B W 5 4 R e Sy 42 b £ I R
P A5 o [ AE L — B BE S % EA T 8 A S . S
SERANE 17 (o) 7w, {8 FH B2 Hb £ M R R iR R S
REGPRNEEH 6.13 m/s" AR T 1,43 m/s" K

—
(=}

FERGE IR IRA
ERG G EHHE B AR

LA A0 RN RTR AN

S N A~ N

(10.178,6.13)

(19.582,3.076)

t(s)
(a) HEHHELRE

(a) Grounded spring device

0 5 10 15 20

YRR AR IR B 76. 6 06+ 54 b 53 R IR 0 1) DR 4R 2
SR L 07 D i 2 T 9 R A L
VARBCR I T T 52 00, e b 0 I E W iR g AR B AR
{9 DRI 2 i o A A 4 A AN ) S B0 5 45 I IR
i A SR BE 5 AR 8l A2 gL ) 5 A RS LT T SR R
PRI AR TEAR S R (B IR A K2 5 170 42 3t 97 MY 32
MR I i M) PR o 2 4 77 A SR 3E 5 g 5 0 A8 S B

LR Tﬁ%ﬁ&@%#?ﬁﬁxﬁi&ﬁ(ﬁi
USRI 97 A R B el e AN T P21 S DR
R

’ RS A AR

6 —— ERGABMAER RS

41 (11.596,3.029)—_

) (Ih\TIHle m 0 my I
2 Pl \ e
oM (NAA Mk HIRIRIS M’” W“‘"WM W”‘

a(m-+s™)

0 5 10 15 20
t(s)
(b) BEHANEEE

(b) Grounded negative stiffness device

P17 WRHIR g X S AR G RE A N S8 X EE

Fig. 17 Comparison of time-domain response of the main system with a fixed frequency by the vibration absorber
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Table 3 Comparison of errors between theoretical

values and experimental values
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Parameter Optimization and Experimental Study of a Damped

Dynamic Vibration Absorber with Negative Stiffness

Hao Wu Yanying Zhao Qingrui Wang Tao Sun Dashuai Zhang

(School o f Aeronautics and Astronautics, Nanchang Hangkong University , Nanchang, 330063)

Abstract In the field of engineering vibration control, the parameter design of traditional dynamic vi-
bration absorbers typically neglects the damping inherent in the primary system. However, structural
damping is unavoidable in practical applications, and disregarding this factor introduces significant errors
and diminishes vibration suppression effectiveness. To resolve this limitation and enhance engineering ap-
plicability, this study aims to solve the optimization design problem of a negative-stiffness dynamic vibra-
tion absorber incorporating an amplification mechanism under the condition of primary system damping.
The research first establishes the precise governing differential equations of the system and derives its ana-
lytical solution. Given that the presence of primary system damping invalidates the classical fixed-point
theory, a numerical optimization approach is employed: the primary system amplitude is normalized and
based on the criterion of minimizing the maximum primary system amplitude, optimal parameters including
the stiffness ratio and damping ratio are determined through numerical search techniques. The accuracy of
the analytical solution is subsequently verified using numerical simulations. The results demonstrate that,
compared to traditional dynamic vibration absorber designs ignoring primary system damping, the pro-
posed method significantly improves the overall vibration reduction efficiency of the negative-stiffness dy-
namic vibration absorber with amplification mechanism and effectively reduces the sensitivity of the prima-
ry system’s resonant amplitude to variations in excitation frequency. Comparative vibration suppression ex-
periments between the grounded negative-stiffness dynamic vibration absorber with amplification mecha-
nism and conventional dynamic vibration absorbers further validate that the proposed negative-stiffness de-
vice exhibits significantly superior performance in both effective bandwidth and vibration reduction depth.
This study provides a solid theoretical foundation and a practical optimization methodology for negative-
stiffness dynamic vibration absorbers incorporating amplification mechanisms. Its optimization strategy,
which explicitly considers primary damping, markedly enhances the practical effectiveness and adaptability
of the absorber. Consequently, the proposed negative-stiffness dynamic vibration absorber demonstrates
broad application prospects in engineering fields requiring efficient broadband vibration suppression, such
as precision instruments, offering a novel solution for high-performance vibration control.

Key words dynamic vibration absorber, primary system damping, minimization-maximization ampli-

tude optimization, negative stiffness





