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Abstract Most mechanical vibrations are detrimental that not only generate noise but also reduce the service life and
operating performance of the equipment. As two common components, grounded stiffness and inerter can change the
natural frequency of the system, which has good effect in the field of vibration control. However, most of the current
research only focuses on the impact of a single component on the system, and the vibration absorber is gradually difficult to
meet the growth of performance demand for vibration control. Based on the typical Voigt-type dynamic vibration absorber,

a novel dynamic vibration absorber model with inerter and grounded stiffness is presented. The optimal parameters of the
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presented model are studied in detail, and the analytical solution of the optimal design formula is derived. First of all, the
motion differential equation of the two degree-of-freedom system is established through Newton’s second law, and from
the system analytical solution it is found that the system has three fixed points unrelated to the damping ratio. The optimal
frequency ratio of the dynamic vibration absorber is obtained based on the fixed-point theory. When screening the optimal
grounded stiffness ratio, it is found that the inappropriate inerter coefficient will cause the system to generate instability.
Then the best working range of the inerter is derived, and finally the optimal grounded stiffness ratio and approximate
optimal damping ratio are also obtained. The working condition when the inerter coefficient is not within the best range
is discussed, and the suggestions in practical application are given. The correctness of the analytical solution is verified
by numerical simulation. Compared with other dynamic vibration absorbers under harmonic and random excitations, it

is verified that the presented DVA can greatly reduce the amplitude of the primary system, widen the vibration reduction

frequency band, and provide a theoretical basis for the design of new type of DVAs.
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Fig. 2 Normalized amplitude frequency response curves under

different damping ratios
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Table 2 Optimal design formula for model parameters of DVAs
Model of DVA Vopt Eopt (x:,p‘
Voigt DVA 1/(1 +p) 3u/8 (1 + W] -
Grounded DVA VI/ad=-p 3u/8 (1 - 0.50)] -
. 1
N-Voigt DVA 1/]a + 1+ p? 5\/[;” VHCHP] [+ —1=p @+ + (1 + ) @+ )

E: N-Voigt B FFNIFELLE SUA o = k3 /ka

31 TR R TR 5 —
Voigt type |

— — —Grounded type

TRPR S AT IR R R B X N-Voist type

Wb, TR e BUEAS RIS IR T B A AR ) ek R
ROR. S BRI HUR B L = 0.1, A SCRERLBE 2 LU HL
B = 0.5, JHR AT H#EH A K 2 th O A RIS HK
T, AR SRS HL, 17 AR S T &
RGN WA L, 75 B AR ) — A AL RS e 51 2%
wnE 7 fis.

ME 7 PRV Y, AR R ELAR R S 0L T, A
SO AN T JAB S Y (¥ 5 g MR AR & F] R M PRI
RGURIE, JFH 7= A A SR VAR Y 18] BE TR, e
3t SEAG, AT [ 1 96 1 IR AT

————— 1G-Voigt type |

T~

0.0 0.5 1.0 1.5 2.0 2.5 3.0

7 5 HAIE AR IR AL E

Fig. 7 Comparison with other DVA models
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3.2 BEHLAA TR R X EE

FE R AR TRE R GEHT 32 1 ih 2 9 BE L
P, DREAS SCRE— 2D TT 1 T8 AR AL A Bl R
ARG NG DL, BEERGRBIBIMENE . ThEE
LN S (w) = So MRS, WATE 4 Al
R GUNLRS W L) Ty 2 08 5 P ek Kl

Sv(w) = |XV,|250, Sr() = |Xe,|* So 36)
Sn() = [Xn|" S0, Sic(w) = Xiail* So

HAFHR VR, N, IG 70 AIAEER Voigt zh 1R AR a4
B, PR S )RR AR . N-Voigt BBl 1Ak 4%
BB DL R AR 3K 4 Fihisl ) IR R A% L B 3 &R
G EN

00 00 S Y]
a'zzf Sv(w)dszof Xv 2dw=7r—0
= - vl Y
2 _ Se(w)dw=S f o Pdwe
TR Im r(w)dw=S _m| R,| w R
(r;:f SN(w)dwzsof %, | do =
-e0 =0 (37)
’7[SOY3
2winév (—1 + Va') (1 +a +1v2a')
00 00 2
angf SlG(a))dw:Sof X6, | dw =
7IS()Y4
2wipév (@ — ) [ +v2 (1 + @) ]
/\l:*:‘
Yy= 1+ (L4 p)? 02 [-2 =+ 482 (1 + )
Y2=1+v4+v2(—2+4§2+,u)
Ys=(l+ a/’){[—l P21 +a)] + 4v2§2} +
V2 (1+408) +2u[-1+40 +a) €+
22 (1+a +20'¢%)|
Yy=a®+a® (-2+B) B+ -2+ V[3+
i=ad+2{(2+B)B+{ -2+ G8)

(=24 B) B} + 7l — 2] ~ 1+
V(1) |} 21 () +
V]2 -p+42 1+ ]+

ofB? (1 +2v2u) - 28u[ — 1 + 202+

viu(l +,u)]}+,u2+{1 +4v2[— 1+

EW+p ||+ [3+2u+482u 0 +p)

BB 4 Fhsh W ARE: T B LE I = 0.1, &
BB LE B = 0.5, IRGEA DAL 2 A5 2125 B
I8 5673 3

o _ 640ImS,  , _ 5.780mS0
v = 3 > Or =
wi wf (39)
, 330278, ,  1316mS,
ON = w? > O = w?

SRR, MRS EH R, fEREALBUR 5~ A
SCREARAT BAT R DR RO

NT HEE S TR SE PR, ASCHIET 50 s
BUMER 0 J7 2N 1 [BENLER, R P an
Kl 8 fin. HT RARIGEEN HERGAFETT
ZHTE, ENERGTE m = 1 kg, ERANIE
ki = 100 N/m, {38 3 h R4 T E RGBT E K
HaEm L.

4

excitation force/N

0 10 20 30 40 50
time/s
8 BHMLIRBhI 8] 2

Fig. 8 Time history of the random excitation
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Table 3 Variances and decrease ratios of the
displacements of the primary systems

Model of DVA Displacement variances/m? Reduction ratio/%

No DVA 2.0083 x 1074 —
Voigt DVA 3.1235x 1073 84.45
Grounded DVA 2.8560 % 107 85.78
N-Voigt DVA 1.3596 x 107° 93.23
IG-Voigt DVA 55609 x 107° 97.23

H1% 3 FTLLA H, BAR AR R A1 AR S Y R
FEMKAE Hoo PRACHEMIZEAT B vk 1, (ER A SCREAATIIR
RESLE R MR N KR PR R GRS RE R,
P At 3 A AL LA B R4 (DR P RE.
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