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Quasi-optimal design of a parallel-type double-mass dynamic vibration absorber

equipped with a damped primary system

(Examination of deterioration rate of vibration suppression performance
when two dynamic absorber masses are equalized)

( )

Toshihiko Asami, University of Hyogo, 2167, Shosha, Himeji, Hyogo 671-2280, Japan

Multiplexing dynamic vibration absorbers (DVAs) provide better vibration control force compared to
that obtained with classical single-mass DVAs. In fact, previous studies have shown that the vibration
suppression performance of double-mass DVAs is superior to that of the single-mass DVAs. In the optimal
design of a parallel-type double-mass DVA, five dimensionless design parameters must be optimized. One
of them is the mass ratio of two DVAs arranged in parallel. However, in many cases, especially in the
parallel-type, the mass ratio of two DVAs cannot be set to the optimal value, because existing structures
and machine parts are sometimes used as DVAs. In this report, I investigated how the optimal values of
other design parameters change when the two DVA masses are set equal, and finally, how bad the vibration
suppression performance of DVA becomes.
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(Dynamic Vibration Absorber: DVA)
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Fig. 1 Example of dynamic vibration absorbers (DVAs)

mounted to suppress vibration of the primary system P

subject to a disturbance force f (t).

Fig. 2 Parallel-type double-mass dynamic vibration

absorber mounted on the primary system P.
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Fig. 3 Compliance transfer function and a function fn of

the primary system with parallel-type double-mass DVA

based on H∞ criterion under the condition of µB = µBopt.
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Fig. 4 Compliance transfer function and a function fn of

the primary system with parallel-type double-mass DVA

based on H∞ criterion under the condition of µB = 1.

Fig. 5 Optimal mass ratio µBopt of two dynamic vibration

absorbers arranged in parallel based on the H∞ criterion.
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Fig. 6 Resonance amplitude of the compliance transfer

function of the system with optimized parallel-type

double-mass DVA based on the H∞ criterion.

Fig. 7 Optimal solution of a parallel-type double-mass

dynamic vibration absorber based on the H∞ criterion

under the condition of µB = 1.
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Fig. 8 Resonance amplitude of the compliance transfer

function of the system with quasi-optimized parallel-type

double-mass DVA under the condition of µB = 1.
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Fig. 9 Mobility transfer function and a function fn of

the primary system with parallel-type double-mass DVA

based on H∞ criterion under the condition of µB = µBopt.
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Fig. 10 Mobility transfer function and a function fn of

the primary system with parallel-type double-mass DVA

based on H∞ criterion under the condition of µB = 1.
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Fig. 11 Optimal mass ratio µBopt of two dynamic vibration

absorbers arranged in parallel based on the H∞ criterion.
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function of the system with optimized parallel-type

double-mass DVA based on the H∞ criterion.
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Fig. 13 Optimal solution of a parallel-type double-mass

dynamic vibration absorber based on the H∞ criterion

for the mobility transfer function under the condition of

µB = 1.

Fig. 14 Resonance amplitude of the mobility transfer

function of the system with quasi-optimized parallel-type

double-mass DVA under the condition of µB = 1.
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(26) νopt

µBopt = ν2
opt −1, νBopt =

1
ν2

opt
, ζ3opt =

1
νopt

√
ν2

opt −1
2

ζ2opt = 0, hmin =

√
1

2(ν2
opt −1+2ζ 2

1 −2µ)





(27)

ζ1 = 0 (26) (27)

µBopt =
(
1+

√
2
)

µ, νopt =

√
1+

(
1+

√
2
)

µ

νBopt =
1

1+
(
1+

√
2
)

µ
, ζ2opt = 0

ζ3opt =

���� 1
2

(
1+

√
2
)

µ
1+

(
1+

√
2
)

µ
, hmin =

√
1+

√
2

2µ



(28)
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(µ = 0.1)

fn ζ1 = 0

(b) 1(a) 1

fn

1 fn = y2−2y+1 = (y−1)2

1

y = λ 2 = 1

3

3

15(c) 9(c)

B

6.

1

H∞

0.43% 0.11%

H2

0.09%
(14) H∞ H2

fn
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