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Diagnostic application of machinery vibration and noise tends

to the deeoript on of the whole process by set of fault oriented
numbers called disoriminsnts. The simple example of discriminant
created in an other area of acoustics is Ada which is conmmn
discriminant of the noise risk in industry. But creation of dia—
oriminants in applications of vihroscousticsl processes to ma-
chinery health monitoring is not so simple. For example, the fa—
ult oriented division of machinery vibration spectrum [1] gives
the good results only forsim la machines and under the condition
or constant load and speed. The same is true forvibration ampli-
tude discriminanta which for simple machinery are in permanent
use. In Europe the RMS vibration velocity is used as an indicator
of machinery health. while in United States PEAK amplitude mea-

sures are prefered. Which one from above the mentioned dimensio-
nal amplitude discriminants is better depends on applications,
but from the material fatigue point of View, the peak vibration

measures are the most appropriate [2 .
The great dependence of the vibrs ion amplitude and its spec-

tral lines on machine load and speed instead of on health was
the main cause of introducing the dimensionless process discri-
minants like shape factor. crest factor and kurtosis. According
to Drchack 3]. the good bsll bearings gives vibration with
the crest fee or less than 8 while the faulty one gives more flan
16. Recently Dyer and Steward 10] reported on kurtosin applica-
tion to the ball bearing vibra ion. This dimensionless measure
of vibration amplitude distribution can distinguish well the nu—
ning state of the bearin giving the value about 3 for the good
one and about 20 for fsu ty one.
Author of this note has also some analitycsl and experimental

experience on vibro-scouatical process disoriminants. It has been
defined and applied the amplitude diacriminants [4,5] and new
frequency ones [5,6,7 . Following that this note brings the re-
view of their definit on and application.

AMPLITUDE AND SPECTRAL PROCESS DISCRIMINANTS

Vihro—soosutical processes, utt). an stationery, ergodic zero

mean time dependent stochastic processes, can be characterized

independently in two domains of description, namely in an ampli-

tude domain by means of probability density. pcu), and in a

frequency domain by means of power spectral density, Guqu).
If we take into consideration the amplitude domain, the following

dimensional amplitude measures can be defined [8]
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1. ur, for 1:73. root amplitude.00

1 ‘ u . for 1:1 . average amplitude,
“a 5[ IN PW)“; ‘ um .for 1:2. nus amplitude. (1)

"I' ll . for 1+” , PEAK amplitude.

As it is clear from the above the change of the index 1 gives

different sensitivity to the probability density pm) she a. but
the same sensitivity to the overel power of the process [8 . In
such a case the first independent amplitude discriminant must be
the EMS amplitude. snE he next can be defined as dimensionless
in the fol owing way 8:

shape factor.K. for 1:2. m=1.
crest factor,c. for 1-000,m=2.
impula factor.I.for 1w .m-1. (2)

..
[_£|ul‘ p(u) du]i

clearance fector,1., for l-v-D.m= h,
fourth root of kurtosis,

u - " I. a

[ Jlul'"p (u) du]"
—o¢ for 1:4 ,ma2.

As it was proved [8] they do not depend on change of amplitude
scele EMS and time scale of the process as well. The ex erienoes
of the author on diagnostic use of 1,0,1 discriminants ndioate
that shape factor,K, has no diagnostic abilities because of its

small dynamics of variation. From the other hand crest factor.c.
and impula factor,1. are good indicators of machinery running sta-
te or quality of a new product. When applied to vibration they can
be measured for acceleration. velocity. and displacement indepen—
dently. and they can carry different diagnostic information about

object under investigations.
By analogy to the above considerations we are going now to charac-
terize the spectral contents of ony vibroacoustical process by

means of two numbers. The first number has to give an average
frequency of the process and the second one has to indicate the
spread of the process components around that frequency.
For the process under considerations. u(t). the average frequency
g positive [or negative] zero crosing. so called Rice frequency,

1, is w
1 I fauna)“ ,5 am

r a gap—— . .
“ 3 2?! lemma: “ (3) ‘

where f is the freque'ncy in Hz. Guu(f)- power spectral density of
u(t) , ums and u.“ are root mean square of original and deriva—
tive processes. respectively. The Rice frequency as dimensional

process discriminant, can be calculated or measured for any vib-
roecoustical rocess. For example if measured for vibration acce-
leration of t a new ball bearings it can diferantists bearing qu-
ality well. From the other hand the running stats of a small elec-

tric motor can be described by the Rice frequency of its vibration

valocitny]. As we see location of average process frequency along
the frequency axis havethe good diagnostic meaning. Besides. it
would be interesting to know spectral width of the rocess under
consideration. Such a quantity. dimensionless in us uro, was pre-
viously defined and used by the author in connection with hearing ‘

D
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learsnce detection, 7]. This discriminant, called harmonic index
gar factor/, was def ned as reoiprocical of correlation coeffici-
ent of the differential and integral processes normalized to the
original one. If min is the original process. then after some
calculation one can gbtsin t

R _ (“nus)uq““2mo a g: _ (4)
_ c EMS

where (u) and( withing denote the amplitude of differential
and integra prooe sea, respectively. and additionally flu is
the Rice frequency of the integral processes. It can be provede]
that harmonic index does not depend on frequency shift but it de—
pends only on shape of the power spectral density. It means that.
Rice frequency and harnionic index are two independent frequency
discriminants of the process. In the author's diagnostic experi-
ments the harmonic index was calculated for two original procemes
of an electric motor; namely vibration acceleration and velocity.
Behaviour of these quantities in terms of motor running time is
different. but velocity harmonic index is similar to the Rice
frequency change. This conclusion is perhaps strange but one has
to remember that quantities independent in terms of process des-
cription can be dependent in terms of diagnostic object properties.
Reoapitulating our process discriminant consideration we can state
that for every one process we can create a number of independent
gisoriminsnt. but their diagnostic ability in every one case must
3 proved.

VIBRATION“. QUALITY INVESTIGATION FOR THE NEW BALL BEARINGS

In order to present some possible application of the process dis-
criminants let us consider a ball bearings quality investigation
by means of vibration measurements. For he experiment a sample of
38 new bearings [6303/ were taken. Bearing vibrations were measu-
red on the test stand where inner race ro ated with 30 Hz frequ—
ency and radial vibration signal was received from fixed outer ra-
ce. For every bearings under investigation the RMS vibration
acceleration, a, velocity. v. and displacement. x. as well as its
impuls factors. 15. Iv, Ix . the nice frequencies, fa, fv. f ,and
the harmonic indexes, H , flv. were measured. The results of bees
measurement were put ingo computer program for principisl coordi-
nate and statistical feature analysis. Due to the computation four
significant features in the ball bearing sample were found. This
quality features can he described well bylinear combination of
four vibrational discriminants namely. a.fE.I .11.“ that were found
from among eleven ones as most independent and quality oriented.
For the purposes of ccmpsrinon the same acceleration signals were
frequency analysed on 12 octaves from the range 16112 to 31.5Hz,am]
each octave absolute readings were put into the some computer pro-
gram. After statistical analysis only two significant features we-
re found. This conclusion confirms the hipotheois that for diag-
nostic application of vibroscoustical processes. a special disg-
noetic oriented discriminants must be created.
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