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1 INTRODUCTION

If a machine that generates excitation force is fixed to its
supporting structure, for example, building, ship, etc., structureborne
sound will be radiated from the supporting structure. To estimate the
pressure of the structureborne sound by the statistical energy
analysis, the value of the vibrational power supplied by the machine
to the supporting structure must be known. The vibrational power
could be evaluated using the mechanical impedance of the
supporting structure and the vibrational velocity at the points where
the machine is connected to the supporting structure. Since it is not
always possible to detach the machine from the supporting structure,
this paper proposes a method to estimate the mechanical impedance
of the supporting structure at the connecting points under the
condition that the machine and the supporting structure are
connected together. -First, a theory for estimating mechanical
impedance is derived. And then, to examine the validity of the
theory, estimation and measurement of mechanical impedance and
vibrational power were parformed using a theoretical model and an
axperimental setup.

2 THE ESTIMATION THEORY OF VIBRATIONAL POWER

if the machine is connected to the supporting structure at n points,
the vibrational power supplied via paoint i is written as,

F',=%H9{F|V|'}=%He§{zuvlv|'}l=1-n ...................... (1)
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where F,V and Z are force, velocity and mechanical impedanca in the
form of matrices.
The estimation theory is derived

Falei VajaiFai Vawai

using a model shown in Fig.1. In the rroeoem R
derivation of the following theory, it is e PP
hecessary that vibration isolators are i " rotow
inserted between the machine and the R I
supporting structure. Subscripts a and o |emnfns oot
b means peoints on the machine, and ¢ — [
and d points on the supporting Sanctsre

structure. Points with subscripts b and 3 R

c are the top and bottom of the Fataiforai  Vawasfaras

vibration isolators, As for other Fig.1 Model of machine and
subscripts, the former means the supporting structure.
response points and the latter the

excitation points. Practically excitation force is given at peints a and
d. Velocities in Eq.(1) shauld be measured at point c.

Let T be the mobility of the connected structure, G the mobility of
the machine, and H the mobility of the supporting structure, V the
velocity at the connecting points, F the excitation force and f the
force in the isolators, all belng in the form of matrices.

If F is applied at the points a, the following equations are given.
For the connected structure,

Vas =TasFa, Yba=ToaFa, Vea=TeaFa, Ve =TaaFa «ovvvvenennns (2}
For the machine,

Vaa = GiogFa + Ganfoar Via = GuaFa + Gglog * * 24 o s oot s ervensses (3)
Far the supporting structure,

Vea =Heefear Vo = Haelen

Using these aquations, Hc , the mobility of the connected struc-
ture at the points ¢, is derived as follows.

R _ -1
Hee =TaTal {1l - W) WL 0= (R 7L ] e (5)
Thus, if mobilities of the connacted structure Tba' Tca' Tda' de and
T.4 are measured by applying excitation forces to the points a and d,
The mechanical impedance Z.. that is necessary to estimate the
vibrational power can be obtained as the inverse of Hcc )
3. THEORETICAL EXAMINATION

3.1 Theoretical mode) Since Eq.(5) was complicated, its reliability
was examined using a theoretical model, in which the machine was
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modelled by a uniform 2

beam and the support- - —Theary

a Eslimalien

ing structure was also
modelled by a uniform
beam supported by two
sets of parallel spring
and damper. Two

=310

L

10 Log p{Power) {dB)

L

beams were connected A o ™ - e
also by two sets of par- Frequency (H1)

allel spring and damper. Fig.2 Theoratical and estimated vibrational
Maobilities Tba etc., power.

forces and velocities at the connecting points were theoretically cal-
culated.

3.2 Result of Examination Figure 2 shows two vibrational
powers. The theoretical power was obtained as the time average of
the product of forces and velocities at the connecting points, and the
estimated power was obtained using Eq.(6). Figure 2 shows the
Reliabifity of Eq.(5).

4 EXPERIMENTAL EXAMINATION

4.1 Experimental Setup The experimental setup is shown in
Fig.3. The machine was modelled by an electro- magnetic exciter
moaunted on a 500 % 400 X 2mm steel plate. The supporting structure
was a 700 X 600 X 2mm steel plate mounted on four vibration isola-
tors on a big stesl bed. The
excitation force of the machine
was given by the inertia force of B O S Upperpiaa
the circular steel disc (1.78kg) oyl
mounted onh the top plate of the . —
exciter. Four vibration isolators
were inserted between the up-
per plate and the lower plate.
Accelerometers and load cells
were installed as shown to
measure vibrational power as
the product of force and velocity.
4.2 Measurement and Estimation Followings were performed.
(1} Direct measurement of H_. with the machine detached.

(2) Estimation of H,, by Eq.(5) using mability Ty, etc. of the
connected structure measurad by applying excitation forces to points
a, d on the both plates.

(3) Measurement of vibrational power using accelarometers and load
cells installed at the connecting points,

Fig.3 Schematic diagram of the
machine- isclator- supporting
structure configuration.
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(4)Estimation of vibra-
tionat power using H..
{measured and esti-
mated) and measured
velocity.

4.3 Results of experi-
ments  Several results
are as follows.

{1)Figure 4 shows meas-
ured and estimated mo-
bilities at a connecting
point.

(2)Figure 5 shaws vibra-
tional power via a con-
necting point. Measured
power was obtained in
4.2.(3) and estimated
power was obitained by
measured Hee and
measured veloc-
ity(estimation 1).
(3)Figure 6 shows two
estimated total powaers.
Esatimation 1 was made
as stated above, and
estimation 2 was made
using H.. given by
Eq.(5) and measured
velocities at the connect-
ing points.
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Fig.4 Comparison of measured and esti-
mated mobilities
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Fig.5 Compariscn of measured and esti-
mated vibrational powers
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Fig.6 Comparison of estimated total
vibrational powers

5 CONCLUSIONS

(1) if it is not possible to detach a machine from its supporting
structure, the mechanical impedance at the connecting points
can be estimated using measured mobilities of the connected

structure,

(2) The vibrational power supplied to supperting structure can be
estimated by using the estimated mechanical impedances and
measured velocities at the conneacting points.
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