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Abstract

In the optimization of dynamic vibration absorbers (DVAs), it is generally assumed that the damping force changes in
proportion to the velocity of the object; this damping is called viscous damping. However, many DVAs used in practical
applications are made of polymeric rubber materials having both restorative and damping effects. This polymer material
is considered to show a hysteretic damping force that is proportional to the displacement rather than the velocity of the
object. Despite the widespread use of such hysteretically damped DVAs, there are very few studies on their optimal
design, and the design formula of the well-known general viscously damped DVA is presently used for the design of this
type of DVA. This article reports the optimal solution of this hysteretically damped DVA. For generality, it is assumed that
the primary system also has structural damping that can be treated as hysteretic damping. A criterion, namely stability
maximization criterion, is adopted for the optimization of DVA. In this criteria, the DVA operates to attenuate the transient
response of the primary system in the shortest time. As a result of research, we succeeded in deriving a very simple general
solution. The solution is compared with the solution derived in a general viscously damped vibratory system.

Key Words : Dynamic Vibration Absorber, Hysteretically Damped Absorber, Damped Primary System,
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Fig. 1: Analytical model of hysteretlcally damped system Fig. 2: Analytical model of a viscously damped system
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Fig. 3: Single-mass vibratory system: (a) Hysteretically damped system, (b) Viscously damped system
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Fig. 8: Stability-maximized solutions for a hysteretically damped DVA attached to damped primary system
4



1= 5
: 0.8 0.6 ’
S ;

0.8 —#=0

0.6 i g

=

1.1

|
ool L

~

OO
RN
A

o|—— 0.005
. ~ 0.1 0.02
7 ? — =005 o4 0.5 2 |— 005
0.8 177 _ 8; . 0.3 — ol
: I . 1 - — 02
[ = 03 / / T& (\ 04 — 03
07 —u=0 — 05 0.2 : — 05
: — 0005 |—— 0.7 [| — 0.7
0.02 — 1.0 — 1.0
06 1 1 1 1 1 0 T
-08 -07 -06 -05 -04 -03 -02 -0.1 0 -1 -0.8 -0.6 -0.4 -0.2 0
X x
(a) Hysteretically damped system (b) Viscously damped system

Fig. 9: Trajectory of characteristic roots when stability index is maximized (roots in the second quadrant)

0.8 1 ‘
" / —' (7'805 2
0.8 0.02
0.6 / — 0,05
g — 0.1 , \
0.5 —u=0 K 06— 02 — ﬂ
« — 0.005 b — 03
£04 ] 0.02 H £ — 05
< l— 0.05 < — 07
03 — 01 H 04 1o
— 02 - \\
0.2 — 03 H \
— 0.5 0.2 v
0.1 ¢ — 0.7 H
— 1.0
0 : 0
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1
M G
(a) Hysteretically damped system (b) Viscously damped system

Fig. 10: Maximized stability index for a system with an optimally tuned and damped DVA

— Rk R B AR S DRI ZEME T, ERBEE D05 2BRA L CHER u BREL RZIFELEENEL 2
5. ZOZ L ZPEIZR LU 72D, LEEDHRAME Anax & ERBEOEBRZRLUZEK 10 THS. 2B, X 10(b)
B W THIFRO AR AR ERIZZET 2 803D 2 DIk, DR CTHEERRPERIZEIT E205THS.

X ik

[1] Ormondroyd, J., and Den Hartog, J. P., 1928; “The Theory of the Dynamic Vibration Absorber,” ASME Journal of
Applied Mechanics, 50 (7), pp.9-22.

[2] Asami, T., Nishihara, O., and Baz, A. M., 2002; “Analytical Solutions to H. and H, Optimization of Dynamic
Vibration Absorbers Attached to Damped Linear Systems,” ASME J. Vib. Acoust., 124 (2), pp.284-295.

[3] Crandall, S. H., and Mark, W. D., 1963; “Random Vibration in Mechanical Systems,” Academic Press, p.71.

[4] PEIEME, MAAE, 1997; “ZEEHIHIC & 2 RS E D %5t £ §8%8,” Dynamics and Design Conference 97, No.
97-10-1, pp.165-168.

(5] R EBUZ, PUIEHE, 48R, 2000; “Bifdids O ik KIRIERE R ENMUEKEHZ B 1T 2 RBHY RS (B2 ), B X
TV Y AREENRIRAR DG, H AN 25n 2 (C ), 66 (644), pp.1186-1193.

[6] Asami, T., and Nishihara, O., 2003; “Closed-Form Solution to H. Optimization of Dynamic Vibration Absorbers
(Application to Different Transfer Functions and Damping Systems),” ASME J. Vib. Acoust., ,125 (3), pp.398-405.

[7]1 e RBUZ, KFLE, 2019; “H.. Hifi e Hy, SO < e 257 V) ¥ AT E)RIREE O 5o 7% 5, Dynamics and
Design Conference 2019, No.19-13.

[8] Asami, T., Mizukawa, Y., and Ise, T., 2018, “Optimal Design of Double-Mass Dynamic Vibration Absorbers
Minimizing the Mobility Transfer Function,” ASME J. Vib. Acoust., 140 (6), p.061012.

5



