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1. Abstract

Study of the effect of isolators for
reducing the vibration transmissibility from
engine to ship structure is presented. The
interaction of the vibration among the
excitation source, isolator, and foundation is
studied. Finally, an isolator modeled on a
series connection of a MDOF mechanical
system and an SDOF model of a flexible
foundation are examined to illustrate the
advantage of this method in practical.
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2. Introduction

The vibration isolator is usualy
installed between a dynamic system and an
excitation source to protect the system from
undesired vibration. One purpose of using the
isolators is to reduce the acting force
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transmitted from the excitation force
generated by an unbalanced revolution of the
machine, caled aforce isolation system. The
design objective is to obtain a lower force
transmissibility for the former system and a
velocity (or displacement acceleration)
transmissibility for the latter system. Since a
dynamic coupling among the machine,
isolator and foundation exists, all of the
components in the tota system are
considered to be ssmultaneous in the anaysis,
which may work well when the configuration
of the isolator is very smply [1]. However,
certain commonly used isolators, such as
natural rubber or rubberlike material, are
rationally modeled in practice as a series
connected multi-degree-of-freedom (MDOF)
dynamic system [2]. For these isolators, the
computation is quite complex[3-5]. In fact,
the isolator generaly designed under the
given condition of the machine and the
foundation is fixed. If the interaction between
the machine and isolator as well as the
isolator and foundation can be known, the
isolation system would be analyzed and
designed more efficiently.

In this article, a closed form solution
of the force and velocity transmissibility of
theisolation systemsis calculated. Finally, an
isolator with a uniform multiple layered
structure and a single-degree-of-freedom
(SDOF) flexible foundation are examined.

3. Results

When an isolator is used to support a
rotary machine with a periodical unbalanced



force on the foundation as shown in Fig. 1,
this system can be modeled as a connection
of three parts - a mass for the machine, a
dynamic system for the isolator and a
foundation. Assuming a periodical excitation
force with frequency w, the steady state
response of the force f(f) and velocity v,(?)
and v(?) should be aso periodical and with
the same frequency, but having different
phase angles. Let the excitation be given as
thereal part of foq (1) = Fuee/™, where Foq
is the complex amplitude with units of force
containing information about the phase angle.
j is defined by j=(-1)"2. Based on Newton's
law, the relationships of f(7), vi(f) and v(?)
may also be expressed as
thFext' jWITIth, szvt (172)
where F,, V, and V; are the complex
amplitude of 7(#), vi{f) and v(f). These Fex,
Vi, F: and V,, are defined as the power flow
variables with respect to the dynamic system
of the machine model. If F,: and V;, are
selected as the input variables, F; and Vi,
should be a function of the input variables
defined as the output variables.

Assume the isolator is modeled as a
linear dynamic system. The steady state
response of the velocity and force at the top
and bottom of the system are aso periodical
with the same frequency as an excitation. If
the complex amplitude of the acting force on
the top F; and the velocity of the bottom of
the isolator V, are selected as the input
variables, the complex amplitude of the
acting force on the bottom F, and the
velocity of the top of the isolator V; can be
expressed as

Fp = TR¢ t bFt + ZpVb, ©)
Vi= YR+ TR, V) (4)
where TRy, is the complex force

transmissibility of the isolator from the top to
the bottom and TR, i's the complex velocity
transmissibility of the isolator from the
bottom to the top of the isolator defined as

TRf tp= 5 , TR, pt = i (5,6)
F V,=0 Vo F=0

Zp and Y; are the impedance and the mobility
of the isolator at the bottom and the top
defined as

Zb:i

v, (7, 8)

F=0

For the first case, Case I, a system with a
rigid foundation is considered. Thus, zero
displacement and velocity response should be
maintained. The boundary conditions are
given by

Fd = Fb' Vb = Vd =0 (9,10)
where Fy and V; are the complex amplitude
of the reaction force and velocity of the

foundation. The force transmissibility from
Fetto Fp, TR,,,,leadsto

TRt t b

— (12)
1+ jwmpyY

TRmb=

If the foundation is flexible with mobility Yy,
called Case Il, the boundary condition in Eq.
(14) is changed to
Vo= YaFp (12)

According to Egs. (3), (4), (9) and (12), the

force transmissibility TR;mp can be
calculated as [6]
TRy =| TRy o [(L+ jwm, (Y, + Y, TR, , TR, (13)

- YerYd)' ZbYd) ‘

Thus, the force transmissibility from Fo¢ to
Fy should be equal to Eg. (11). The
transmissibility from Fee to W S

VoY TR mb

An isolator modeled as an n series
connection of identical mechanical
subsystems as illustrated in Fig. 2 is

considered in the example. For each layer,



the subsystem includes one mass series to a
parallel connection of a spring and a damper.
If the force and velocity of each component
in the /th subsystem from the base are
defined as Fig. 2, the dynamic equations
expressed by the complex amplitude of these
force and velocity variables are given by

Fry=F- jwmy,

2 (14)
V=V, +F.l(c- kilw)

(15)

According to Egs. (14) and (15), the force
complex transmissibility of the isolator leads
to[6]

TR, ., =(Q C(n+i2i)L')*

i=0

(16)

Where L=-w’ml/(jwc+ k). The velocity
complex transmissibility TR, ;1S equal to the
force complex transmissibility 7R:p . The
driving mobility at the top and the driving
impedance at the bottom of the isolator lead
to [6]

n-1
A Cn+i2i+1)L
Y, = i=0 . (a7
(c- Kilw)Q C(n+i.2i)L")
i=0
n-1
- jwmg C(n+i2i+1)L’
Z, = =0 (18)

a Cn+i2il’

i=0

If the flexible foundation of Case Il is
modeled as an SDOF mass-spring-dashpot
component as illustrated in Fig. 3, the
mobility of the foundation leadsto

“ (19)

Ch Cyw+ j(WZmd— kd)

4. Conclusions

In this study, the interaction between
the machine and isolator as well as the
isolator and foundation were illustrated.
Moreover, the solutions of the force and

velocity transmissibility were calculated. The
analytical solution of the three cases of the
isolation systems, including the force
isolation systems with rigid and flexible
foundations subject to a periodical excitation
from the machine and the velocity isolation
system subject to foundation vibrations, have
been investigated. Finally, an MDOF series
mechanical model of the isolator and an
SDOG mechanical model of the foundation
were examined.
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Fig. 1 (a) physical model and (b)variables _ _
definition of an isolation system Fig. 3 (@) mechanical model, and (b) power-flow
model of the SDOF foundation



On the vibration reduction of ships using vibration isolation systems

[ ] O
NSC 89-2611-E-002-027
88 8 1 89 7 31

O U oo

89 7 31



	page1
	page2
	page3
	page4
	page5

