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INTRODUCTION

Disgnostlo sgplication of mochinery vibretion snd nolee teods
to the description of the whole process by set of feult oriented
pumbere celled discriminents. The simple exemple of discriminent
crested in sn other sree of sooustice is AdB which la commob
diseriminant of the noise risk ip industry. But creestion of dim-
oriminente in spplicetions of vibroscousticel processes to me-
chinery heslth monltoring is not so elmple. For exemple, the fa-
ult oriented division of meschinery vibretion spectrum [1] gives
the good resulte only for aimﬁle mechines snd under the condition
of constent load end speed. The seme i true for vibretion smpli-
tude discriminents which for simple mschinery ers in permsnent
use. In Eurcpe the RMS vibration velocity ie used ss sp ipdicetor
of machipery heelth, while in United Stetes FEAK smplitude mee~
osuree sre prefered. Which one from ebove the mentioned dimensio-
nel smplitude discriminente is better dependa on epplicatlons,
but from the meterisl fstigue point of view, the pesk vibretion
mespures sre the most eppropriste [2].

The great dependence of the vibretion emplitude snd its spec~
trel lines on mschine losd snd apeed ipnatesd of on heslth wes
the mein ceuse of introducing the dimersionlesa process discri-
minente like shepe Fector, crest fector snd kurtosls. According
to Drosjeck 3]. the good bell besringe glves vibrotion with
the crest fector lese then 8 while the fsulty one givea more then
16. Recently Dyer snd Stewsrd [10] reported on kurtosis spplics-
tion to the bell bearing vibretion. Thie dimensionless megpure
of vibration smplitude distribution can distingulsh well the rin-
ning state of the bearing giving the value sbout 3 for the good
one epd ebout 20 for fsulty one, :

Author of thip note hedo slsc some enslitycel epd experlmentel
experience on vibro=scoustlcel process discriminsnte. It has been
defined and epplied the smplitude discriminsnte {4,5] and new
frequency ones [5.6,7 . Following thst thie note bringos the re-
view of thelr definltion and eppllcstion.

AMFLITUDE AND SPECTRAL PROCESG DISCRIMINANTS

Vibro-agosuticel processes, u(t), so stationery, ergodic zero
meen time dependent etochamtic processes, cen be characterized
indepepdently in two domsins of description, nemely 1o en pmpli=-
tude domein by meens of probsbillty density, p(u), ond in s
frequency domein by means of power epectrel density, Gyyu{f).

If we toke into considerstion the smplitude domain, the following
dimensionsl smplitude meapures ¢sb be definsd [B]
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® % Uy, ;or ia %, raot smplitlluil:.d

u , for ls1 , eversge smplitude,
Y3 E[ Jl“' P(“N‘_jl =1 ugpg sf0r 122, RMS smplitude, M

- 4, for 1-+o0 , FEAK smplitude.

As it is clesr from .the sbove the chenge of the index 1 gilves

different sensitivity to the probsbility density p(u) shspe, but

the ssme sensitivity to the overal power of the process [8]. In

such » cesas the firet independent amplitude discriminent must be

the RNMS 5mglituﬂe. anf fhe next can be defined ss dimenslonless

in the following way [BI:

20 ahepe faotor,K, for l=2, m=t,

crest factor,C, for l+ed m=2,

impuls factor,I,for 1¢ ,m=1, (2}

[;£|u“ p(u)du]
olearence factor,L, for 1w, ms W,
fourth root of kurtosis,

D = - =
u= d [
[ J[u "p(u) du] m
o for 1=4 ,m=2.

A 1t wes proved [B] they do not depend on change of smplitude
scele RMS end time scele of the procesa ss well, The experiences
of the suthor on diagpoatic use of K,C,I discriminsntas indicate
thet phspe foctor,K, haa no disgnostic sbilitles becsuse of 1ts
smell dynemice of vsristion. From the other hend creet fsctor,C,
spd impuls fector,I, ere good indicetors of machinery running ata-
te or quelity of e new product. When spplied to vibration they cen
be messured for accelsretion, veloclity, and dlasplscement indepen-
dently, end they cen cerry different disgnostic information ebout
object under investigstions.
By snslogy to the above considerations we sre going now to chargo-
terize the spectrsl contente of ony vibroscoustical procese by
mesns of two numbers, The firet number has to glve sn sversge
frequency of the process end the second copne has to indicete the
epreed of the process componente ercund that frequency.
For the process under conslderations, u(t), the sversge frequency
poeitive /or negetive/ zero crosing, eo cslled Rice frequenocy,

9], is o X
; [ J fou(nae[® 4
f B = ’ |
v o] [Ggetnrag] 2T O G

where f is the grequéhcy in He, Guu{f)- power spectral deneity of
u(t), ug,, ond g, ere root mean aquere of originel and derive-
tive processes, respectively. The Rice frequency as dimepsional
process disoriminant, can be calculated or measured for sny vib~
roscoustlical process., For exsmple if messured for vibretion scce-
lerstion of the new ball beeringe it cen diferentiste beering qu-
slity well, Prom the other hand the running etate of a emel] elec~
tric motor csn be described by the Rice frequency of its vibretion
velocity[8]. As we see location of everege procees frequency along
the frequency exis heve the good diegnostic mesning. Besides, it
would be interesting to know spectrsl width of the process under
conslderation. Such s quentity, dimensionleas in peture, wee pre-
viously defined and used by the euthor in conpection with besring ‘
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learance detectlon, 7]. This discriminant, cslled harmonlc lndex
gor fsotor/, was defined sg reciprocicsl of correletion coeffici-
ent of the differentisl end integrel processes pormslized to the
originel one, If u(t) ie the originel process, then sfter some
oslculetion one cen obtain ¢

f, = (“mvs)uqudtlma . ;};_u . @)

. t BMS

where {u) and.( udt)nmg denote the amplitude of differentisl
end integral procedses, respectively, end sdditionslly f£;, is
the Rice frequency of the integrel processes. It cen be proved[B]
that hermonic ipdex does not depend obn frequency shift but it de-
rends only on shepe of the power spectrsl density. It mesns that
Rice frequency sod hernlonic index ere two independent frequency
discriminents of the procees, In the suthor’e diagnosiic ezperi-
ments the harmonic index wes celculeted for two originel processes.
of an electric motor; nemely vibrestion accelerstion snd veleocity.
Beheviour of these quentities in terms of motor running time is
different, but velecity harmonic index ip similsr to the Rice
frequency chenge. This concluaion is perhepe strenge but one hss
to remember that qusntities independent in terms of process des~
oription can be dependent ip terme of diegnoetic object properties.
Recppituleting our process discriminent considerstion we can state
that for every one procese we can creste s number of independent
giscriminant. but their diegnostic sbility ipn every one cose must

e proved.

VIBRATIONAL QUALITY INVESTIGATION FOR THE NEW BALL BEARINGS

In order to present some possible spplicetion of the process dis~
¢rimivents lat us consider a ball bearinfs quality investigstion
by meens of vibrotion mesaurements. For the experiment s ssmple of
38 new bearings /6303/ were taoken. Besrin% vibretions were mespgu-
red on the test stsnd where inner rsce rotated with 30 Hz frequ-
ency end rsdisl vibration signol wae receilved from fized outer ra-
ce. Por every beeringe under investigation the RMS vibrstion
scceleration, e, velocity, v, snd dieplacement, x, ss well sm ite
impulg feotors, Iy, Iy, Iy ., the Rice frequencles, Iy, fy, fy,ond
the hsrmonic indexes, H,, Hy, were neasured. The reeults of these
messurement were put ingo computer progrsm for principisl coordi-
nate and atetisticel festure snslysis. Due to the computsilon four
glgnificant festures in the bell beering semple were found. Thia
quslity features cen be described well by lineer combinstion of
four vibratlonsl discrimlinente nemely, e,f,,Ig,Hy, that were found
from smong eleven ones as mogt independent ang quelity oriented.
For the purposes of compsrimon the ssme sccelerstion signels were
frequency snelysed on 12 octeves from the range 16Hz to 31,5Hz,snd
each octave sbaglute reasdings were put into the seme computer pro-
grem. After sististicol spmelysis only two eignificent festures we-
re found, This copclucion conflrue the hipothesls that for dieg-
nostic spplicetion of vibroscoustlical procesges, g spoclsgl dieg-
noetic oriented discriminsnte must be orestecd.
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