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SUMMALEYX

The solution sf the vibratiems and noise problems, implies
. “ytermination of the dynamic characteristica ef the aystenm
"¢ consideration., Several excitation metheds have been used
= this purpese. The aim of the present invesiigatien ia te
dy the different excitation metheds te select the msatl proper
-4 fer the dynamic teating sf machine toals.
For the make of comparison, the different sxcitatien
schiii ques were used for the determination e¢f the dynamic
racteristics sf a boring bar $25 x 267 mm lengih, fixed in
special fixture mounted on a center lathe. The different
setheds which have been studied in the present work are harmenic-,
adem~, micrs tremor-and impulse techniques.
rmenic excitatien test: harmenic excitatien is the sldest
nsd used for the determination of the systex charascteristicas.

't allews the observation of the vibratien amplitude and phase

Lnglc at each exciting frequency. Tha respensze is sbtained with

-a0d degree of certainty and ne cemputation iz reguired.

- Ter it requires a lot of expensive test equipment such as

wave generaters, power amplifiers, shakers, phase meters,
3 filters and x-y plottera. The exciting frequency can be
. either manually er sutematically. The harmenic exsitatiom
‘equirea a relativly leng time fer preparatisn as well as
unning the test.

excitatisn test: The system under tuat ia subjected te

F dem force Specirum which cevers the Irequency range 3 4

rest. The randen excitatien ferce i» a8ually sbitained frea

wave generater and a shaker. Bath sf the ferce and the
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response signals are recerded Simultaneously and analysed using
the crsss correlatien tecanique. The randem excitatien methed
is much faster than the harmenic exeitation methed. It requires
almost the same instrumentation used in %he harmonic methed
except the phase meter. Hewever the theoretical analysis ef
random vibrations is rather complicated. Data precesaing using
the computer needs a considerably long period due te the
complexity of the used computer prograim.

Micre tremor technigue: lMiachine teels can be excited by

vibrations with small amplitude resulting frem the idle running
of the machine, which have usually a randem nature énd which
are knewn a8 micre tremor.

The test comprises the measurement of the vidbration amplitude
at a positien which is near te the ®ource of excitation (Imput
signal), and at the positien at which the response is to be
determined (Output signal). This methed can be used fer the
determination of the natural freguencies and the damping ratio
only. Data analysis and -processing are carried out in exactly
the Same manner as in the case sf the randem excitation test.

The impulSe test: The system is subjected to an impulsive force

using a specially de@igned hammer. The exciting force and the
gystem transient responle are recorded 2imulianesusly as time
functiong. Both Signals are Fourier transfermed to get the system
transfer function using a Special csmputer program prepared for
this purpese. This method iz very fast, the test rejuires only
few seconds.The computer program is simple and needs only few
minutes for computation. The whole dynamic characteristics can

be obtained by a single pulse. However, this methed is inconvenient
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Computer
Symbol

Units

Definition

a, (2D} AF (PO | §

A (fm) AY (FM) | mm

B (fm) BF (FM) N
B (£ M BY (PM) | um
cc: (x)f ccl (KD -

cc2 (k) cc2 (K) -

c - 2l
Ns

Ce - —
D - -
P (t) - N

P (1) F (D)

P, (¢) - N

Real part of the Fourier
transform of the impulse
force signal.

Real part of the Fourier
transform of the aystem
radponse.

Imaginary part of the
Fourier transform of the
impulse force signal.

Imaginary part of tre
Fourier transform of the
redponge 9ignal.

Sum of the positive and the
negative shifts for the
cro3s correlation functions.
Difference between positive
and negative 3hifts of the
eross correlation function.

The damping coefficient of
the syatem under test.

Critical damping of the
syatem under test.

Damping ratio.

mxciting force signal.
Digcrete force values
obtained by 3ampling the

continous function F (t).

Impulsive forc=.
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- Computer -
S TUnit Pefinition
ymbol Symbol nits o
P. (DI PI (I) N Digcrete force values
1 obtained by Sampling the
eontinuous function Fi(t).
F - N Maximum magnitude of the
m impulsive force.
Fo (£ } FO (FH) N Force magnitude at the
m discrete freauency (fm).
g - Hz Frequency content of the
¢ impulse force spectrum.
hil FX Hz Digcrete frsquency
m coordinale, fu =1, 2,...,f
ng - Hz Nygunist freguency.
fs - Hz Sampling frequency.
£ FO Hz The upper boundary frequéncy
u of the signals.,
q (fm) - um/N §| Freauency responde function.
h - mm Height of the hammer above
the object.
I I - Order of samples,
I=1, 2’ 3, ewey No
Tmag (£ Ymac (FM)] - Imaginary part of the
w frequency response.
K K - The correlation coefficients
order where (K =0, 1, 2,
LN ] Z)i
Kdy - N/um | Dynamic stiffneas.
Kst - H/um § Static stiffness.
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- Computer <
Unit Pefinition
Symvol Symbel naLs
M - Kg - Hammer masd.
M MF K Mean value of the foree
£ gaignal.
M MY m132 #ezn value of the response
v aignal.
me - Keg Bquivalent mass of the
vibrating system.
mag(f )| MAG (FM)}um/N Magnitude of the freguency
o response functions.
b - - Number of samples.
pp(f )] FPY (FM) Fm/s? | Real part of the cross
fy ‘m spectral density at the
discrete frequency (fm).
9p (f ) QFY (¥) Nm/32 Imaginary part of the cross
y m spectral density at the
discrete frequency (fm).
R, (x)] rP (X) - The normalized auto
correlation function of the
force 3aignzl.
R__{k)] RCR (K) - The normalized cross
Yy correlation for positive
ahift.
R, {=k)} LCR (K) - The normalized cross
¥ correlation for negative
shift,
Ry (k! RY (K) - The normalized auto

Rmag (£ ) RMAG (*¥)

um/N

correlation function
response Signal.

of the

Real part of the frequency
response,
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. Computer < <
Unit finiti
Symbol Symbol s De on
3. (£ 3| sF (FN) N2/Hz Power spectral density of the

. m force record at the discrete
frequancy (fm).

s (£ 3¥Y (FH) m/s%ﬁ# Power spactral density of the

vy & response at the discrete
freguency (fm).

3..(f ) - N¥m/s | crosa speciral dansity

yom betwesen inout and outoub.

T - g7 Observation time (record time

length}.

T - g :z Truncation time for the
r impulae rasponse.

T - EIE Time length »f the
z correlation function.
t. - ma Pulse duratiosn for the
- impulse force.

U - - Magnification factor .

v v w/s Impact velocity.

W - %/umx Calibration factor.

y(t) - m/s2 Sjystem resvonae (accelerat-
ion).

v.(t) - m System response of the

+ impulsive foree.

(I ¥ (I m/32 Digcrete rasponse values
obtained by sampling the
continucus time function
y (£).

y. (D) vI (I} m/s2 Digcrete reapon3ge valussg

1 shtained by ssmpling the

continuous time function

g (t).
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and the imaginary parta of

Computer i £initi
Symbol bol Units De on
Y (fm) Y (FM) m/s2 Acceleration magnitude.
Z A - Maximum number of correlat-
ion coefficients.
6. (£ X ANGF (FMY (°) | Phase angle between the real
£ S -
and the imaginary parts of
the impulsive force.
ey (£ )} ANGY (FMT (°) Thase angle between the real

\f(fm)

RYF
RVSP

RVY

RV3Y

DT
DF
cod (FM)

ANG (PM) ()}

(m/s2
m/g

Jec
rad/s
gee

Ez

the Fourier transform of
the acceleration 3ignal.

Phase angle betwsen the
exciting force and the
aystem respende.

Variance of the force record.

Standard deviation of the
force record.

Variance of the response
record,

3tandard deviation of the
responde record.

Time shift.

Angular freaquency.

Sampling time interval.
Prequency resclution.
Coherency between input and

sutput calculated at the
discrete frequency (f ).
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Yechanical structures are usually subjected %o vibrations
due to the fluctuation of the acting forces or the unbalance
of rotating parts. Vibratione may have detrimental effect
on the structure.Vibrations at resonance or the occurence
of chatter may cause eXcessive wear and fatigue of machine
tsol components, destruction of the cuiting tools and of the
workpiece surface beside the troublesome chatter noife.

In order to solve vibration-and noise problems of
mechanical systems their dynamic characteristics must be
determined experimentally. In fact the dynamicsof any

system is completely defined by its frequency response function.

There are different excitaiion methoda which can be used
for the determination of the frequency response of mechanical
structures such asj; narmonic-, random-, micro tremor—,and
impul=e technigques.These methods differ widely with respect
to the eguipment needed, effort and time required in

preparation and in carrying out the test.

There is still however insufficient informaticn about
ihe advantages and limitations of the different excitation
tecnniques which enables the selection of cne method for

a given systea.
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