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1. Introduction

Various methods have been proposed to obtain
damping ratio of machine structure such as ma-
chine tool, piping system and so on®:2:3:.9,
The development of transfer function analyzer
made it possible to solve the equivalent damping
ratio even for higher modes of the mnatural
frequency®:®. However expensive equipment
has to be accommodated to perform it. Akutsu
and others developed a method which made use of
the power spectrum of the impulse response by
means of fast Fourier transform technique™. Al-
though this simplified the method of evaluation
of damping ratios, it was not satisfactory to get
rid of the effect of other natural frequencies when
the damping ratio for a natural frequency was
evaluated.

This report investigates a method to obtain the
damping ratio for the natural frequencies observed
in an impulse response by dissolving its power
spectrum so that each peak may correspond to
that of the equivalent one-degree-of-freedom sys-
tem. It is shown by the numerical simulation
that the methods are effective. The method is
applied to the power spectrum of the impulse

response of a machine tool.

2. Characteristic of Impulse Response of
One-Degree-of-Freedom System

The impulse response of one-degree-of-freedom
mass-spring system is given as
Tk

X =gy ope e sin @V I=0% (1)
A
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where I: intensity of the impulse, wo: natural
circular frequency, {: damping ratio, &: spring
constant.

The power spectrum of X(¢) is obtained as
follows

oD

(00— )P+ 4C%wo*w?
where D=(I/k)?

Solid line of Fig. 1 assumes a general model

S(w)= (2)

of the power spectrum of the impulse response
for general machine structure. If each peak is
simulated by that of one-degree-of-freedom system
shown by broken line and the original power
spectrum is described by the sum of the each
system, the damping ratio can be evaluated by
taking the effect of the skirt of neighbouring

natural frequency into account.
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Fig. 1

The basic relation of the parameters in simula-
ting the instrumented power spectrum by that of

one-degree-of-freedom are given as follows

_(0*—wo?)? P(wo)
D= .
(1)0Z P(CUO) 0)02'—‘(012 ( 3 )
P(w)
D
C=\/4.P(wo) (4)
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Fig. 2

Fig. 2 explains the relation of the both spectrum.

This gives
_ w[)*D
P(wl)—(woz—w12)2+4C2w02w12 (5)
D
P(“’O):TCZ (6)

and through these (3) and (4) are obtained. (4)
suggests that the damping ratio can be given by
knowing the ratio of P(w:) to P(wo). The natural
frequency of the damped system is obtained as

0=w,"1-20 (7)
by the evaluation of .

3. A Method of Damping Ratio Evaluation

The power spectrum with multi-peak is assumed
to be described by the sum of equation (2), that

is,

N Diweit
Sx(w)= 0 8
)\(w) = 1(0)0 —w ) +4C120)0j2(02 ( )

where j designates the system of the jth peak.
The objective is to obtain D; and {; (=1, 2, .-
-, N) so that Sy(w) adapts to the instrumented
power spectrum.
Now (8) is partially differentiated by D; and
GGy v , N), then

6SN(w): cr)oj4 ( 9)
0D;  (@o*—0*)?+4L wo*w*
aSN(CD)_: —SDjCjCl)()js(Oz (10)
G {(@o*—0*)*+4L wofw} *
are given.

The natural circular frequency wo; correspond-
ing to the extreme power spectrum, the power
spectrum for woj, any appropriate frequency w

neighbouring ®o; and the power spectrum for w

make it possible to obtain the first approximation
of D; and {; by (3) and (4). The increment of
Swn(w) for that of D; and {; is

Ct)of1 .
ASN(w)_J 1[((00; 2)2+4C2jw012w2ADj
_ 8D jwo5w? At ]
{(wo/?— w?)?+4LFwofw?} ?
(11)

Substituting the first approximation D and {1
into (8), the first approximation of the power
spectrum Syi(w) is derived. Then the increment
of the power spectrum ASy(@) is given as

A4S y(w)=P(w)— Syi(w) (12)
where P(w) is the originally instrumented power
spectrum. Using (12) to (11), the equation includ-
ing 2N unknown A4D; and 4%; can be solved
by putting 2N circular frequencies. The second
approximation of D and { is given as

Djs=Dj+4D;  (p={n+4(; (13)
where suffix 1 and 2 means the order of approx-
imation. Repeat of the procedure enables us to

obtain D and { with better precision.
4. Numeaical Simulation

A numerical simulation is carried out for 5 peaks
power spectrum. The power spectrum is composed
by putting N=5 into (8). D; and {; computed
are given in Tab. 1 and are compared with those
set in the system. The spectrum at two frequen-
cies wo and wo—1.0 for each peak is adopted to
perform the simulation. In spite that only two
points are used for a peak, Tab. 1 shows very
good coincidence between the experimental evalua-

tion and the true value.
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Tab. 1
) D, D Ds Dy Ds G (2 (s Ca Cs
Computed results ‘ 30.16 | 30.05 | 22.42 5. 06 4.96 | 0.08 0.10 0.10 0. 04 0. 05
Value for the
simulation model l 30.0 30.0 25.0 5.5 5.5 0.08 0.10 0.10 0. 04 0.05
Computed Results natural frequencies observed in the impulse re-
Mode| 1 | 2 | 3 | 4 sponse can be estimated taking the effect of neigh-
D ]0.170]0.043) 0. 027) 0. 061 bouring natural frequencies, (2) as number of data
£ [0-049)0. 053 0. 046 0.058 necessary for the computation 2 times as that of

The power spectrum of the impulse response for a lathe

The power spectrum by the computed results

Points used for the computation

5. Application to the Impulse Response

of a Machine Tool

The method is applied for evaluation of the
The solid line

in Fig. 4 shows the power spectrum of an impulse

damping ratio of a machine tool.
response for a lathe. The cross marks in the
figure show the points adopted for the evaluation.
Three trial estimates are made by combining them
with the peak. These results are averaged in
The broken line

shows the average of the estimate and fits well

order to obtain better estimate.

the original spectrum.

6. Conclusions and Ackowledgement

A method to estimate the damping ratios making
use of the power spectrum of the impulse response
is developed. The procedure to obtain the damp-
The method has
the merit that (1) the damping ratios for the

ing ratios is very simplified.

peak is enough, (3) the procedure of the inverse
Fourier transform and observation of the damped
wave form for each natural frequency can be
omitted.

The authors express thier gratitude to Messrs.
K. Suzuki, M. Komazaki and M. Ohori for their
cooporation.
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