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Minimization of Impulse Response of Dynamic Structures Using A
Ground-Hooked Dynamic Vibration Absorber
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Abstract

A non-traditional dynamic vibration absorber (DVA) with ground-support is proposed to minimize
the impulse response of a single degree-of-freedom (SDOF) system. The conventional wisdom of
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suppressing random vibration of a machine is to add a damper to its mounting or to increase the mass of

the primary system. We have proved that the proposed DVA with ground-support has better suppression
of the impulse response of a single degree-of-freedom system than just using the damper alone or by
increasing the mass of the primary system. Design guidelines to the engineer to apply the proposed
DVA with ground-support for suppressing the impulse response of a single degree-of-freedom system

are provided.

Introduction

Dynamic vibration absorber (DVA) is an auxiliary sprung mass
system which, when correctly tuned and attached to a vibrating
system subject to harmonic excitation, causes to cease the steady-
state motion at the point to which it is attached. The DVA needed to
be tuned properly such that it can reduce the vibration amplitude of
the controlled system. The first research conducted at the beginning
of the twentieth century considered an undamped DVA tuned to the
frequency of the disturbing force by Frahm [1]. Such an absorber is
a narrow-band type as it is unable to eliminate structural vibration of
the controlled system after any change of the disturbing frequency. A
damper is often added to the DVA in order to widen the bandwidth
of its operation. Ormondroyd and Den Hartog [2,3] proposed the
optimization principle of the damped DVA in terms of minimizing
the resonant amplitude response of the primary system, which called
Heo optimization of DVA. Crandall and Mark [4] proposed another
optimization principle of the damped DVA in terms of minimizing
the total vibration energy or the mean square motions of the primary
structure under white noise excitation, which called H, optimization
of dynamic vibration absorber. Since an impulse input in time domain
is equivalent to white noise excitation in frequency domain, H2
optimization of the DVA would be more useful to suppress impulse
response or random vibration of the primary system. The exact
solution of the H, optimization for the traditional DVA attached to an
undamped primary system was derived by Warburton [5-7].

A non-traditional damped DVA with ground support as shown
in Fig.1was proposed by Ren [8], and Liu [9] recently. Based on the
fixed-points theory [3], the Heo optimum tuning parameters of such
a vibration absorber has been derived analytically for suppressing the
resonant vibration of a SDOF system subjected to force excitation [8-9]
or caused by ground motions[10]. In this article, this non-traditional
damped DVA is proposed to minimize the impulse response of
a single degree-of-freedom system. The conventional wisdom of
suppressing random vibration of a machine is to add a damper to its
mounting or to increase the mass of the dynamic system. As shown
in the following section, it is proved that the proposed DVA with
ground-support has better suppression of the impulse response of a
single degree-of-freedom system than just using the damper alone or
by increasing the mass of the controlled system.

Theory
A non-traditional design of DVA with ground support [8,9] as
shown in Figure 1 is called Model A in the following discussion.
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It is compared to a ground-hooked damper and an added mass for
the suppression of impulsive force response of a SDOF system in the
following. The frequency response function of the mass M of Model A
can be derived and written as [8].
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Consider Model B as shown in Figure 2 which is a damped SDOF
system with the same amount of damping of Model A. The frequency
response of mass M of Model B may be written as
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Figure 1: Schematic diagram of model A: the non-traditional dynamic
\v\ibration absorber (m-k-csystem) attached to the primary (M-K) systemj
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Consider Model B as shown in Figure 2 which is a damped SDOF
system with the same amount of damping of Model A. The frequency
response of mass M of Model B may be written as

X =|GB|=;

2 X .
PRl
e ~

li M

K2 K72

EaE

Figure 2: Schematic diagram of model B: a SDOF vibrating system with
\p\rimary damping of damping coefficient c(M-K-c) system. /

Consider Model C as shown in Figure 3 which is a damped SDOF
system with the same amount of damping of Model A and an added
mass m. The frequency response of Model C may be written as
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Figure 3: Schematic diagram of model C: a SDOF vibrating system with
primary damping of damping coefficient cand anadded massm (m-M-

\Ii-c) system. /
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The mean square motion of the primary mass M of the three models
may be written as [11]

E[x]=E||6 |=]"|6] S, (@)do

Where G is the frequency response function of the primary mass
and S (w) is the input mean square spectral density function.

If the input spectrum is assumed to be ideally white, i.e. S (0)=S,,a
constant for all frequencies, the integral of Eq.(4) can then be reduced to

E[x]=5,[ |G(o) do

Using Eq.(5), the non-dimensional mean square motion can be
defined as

E[x]=0s,] [cfdi

A useful formula of Crandall [12] written as Eq. (7)below is used
for solving Eq.(6).
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Using Egs.(6) and (8), the mean square motion of the primary
structure with the proposed DVA may be written as
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Using Eq. (10), the optimum tuning ratio may be written as
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Substituting Eq. (11) into Eq. (6), the mean square motion of the
mass M of Model A may be written as
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A useful formula of Crandall [12] written as Eq. (13) below is used
for solving Eq. (7).
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Comparing Egs. (2) and (13)for Model B, we have
A =1, 4=2(, A4 =1,B,=1, B =0.

Substituting Eq. (14) into Eq. (13), the mean square motion of the
mass M of Model B may be written as
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Comparing Egs. (3) and (13)for Model C, we have
A=1, A4 =2C, A =1+u B,=1, B =0.

Substituting Eq. (16) into Eq. (13), the mean square motion of the
mass M of Model C may be written as
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As shown in Egs. (15) and (17), the primary mass Min Model B and
Model C have the same mean square motion response to an impulsive
force input. It shows that increasing the mass of a damped SDOF
system cannot reduce its mean square motion response to impulsive
force excitation. Using Egs (12) and (15), the ratio between the mean
square motion of the primary structure with the proposed DVA and
with a damper may be written as
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Eq. (18) shows that E|:|GA|2:| < E[|GB|2:| IF >0 . Therefore
the mean square motion of the primary structure using the proposed
DVA is smaller than that using only the damper. It shows that for any
damped SDOF system as illustrated in Figure 2, the impulse response
of the primary mass can be further reduced by using the proposed
DVA with ground support if the DVA is tuned with Y according to
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q. (11). ——= s calculated according to Eq. (18) with different
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values of mass ratio and damping ratio and the results are plotted in

Fig. 4 to show the performance of the proposed DVA in comparison

of the primary damper.

A design guideline of applying the proposed DVA is suggested as
follows. If an engineer plans to add a damper to reduce the dynamic
response of a SDOF system subjected to impulsive force excitations,
he or she may consider to use a sprung mass in series with the
damper as illustrated in Fig. 1if possible. As shown in Eq. (18), the
mean square motion response of the controlled system can be further
reduced if the proposed DVA is used instead of the damper alone. The
percentage of further reduction of mean square motion of the primary
structure using the proposed DVA instead of just the damper alone
can be estimated easily using Figure 4 after an applicable mass ratio is
selected. The tuning frequency of the DVA can then be determined
according to Eq. (11).

Conclusion

A dynamic vibration absorber with ground-support(Model A)is
proposed to minimize the impulse response of a single degree-of-
freedom system. The conventional wisdom of suppressing random
vibration of a machine is to add a damper to its mounting(Model
B) or to increase the mass of the dynamic system (Model C). We
have proved that the proposed DVA with ground-support has better
suppression of the impulse response of a single degree-of-freedom
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system than just using the damper alone or by increasing the mass
of the dynamic system. As shown in the previous section, increasing
the mass of a damped SDOF system cannot reduce its impulse
response further. For example, if a machine is excited by impulsive
force excitations and the engineer plans to add a damper to reduce
its impulse response. We provided an alternative solution and design
guidelines to the engineer to apply the proposed DVA for suppressing
the impulse response of the machine.
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