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Vi bra tion anal y sis is a key tool for pre ven tive main te nance in volv ing the trending and anal y sis 
of ma chin ery per for mance pa ram e ters to de tect and iden tify de vel op ing prob lems be fore fail -
ure and ex ten sive dam age can oc cur. A lab-based ex per i men tal setup has been es tab lished for
ob tain ing fault-free and fault con di tion data. Af ter this anal y sis, pri mary and sec ond ary mo -
tor and pump vi bra tion data of the Pa ki stan Re search Re ac tor-1 were ob tained and an a lyzed.
Vi bra tion sig na tures were ac quired in hor i zon tal, ver ti cal, and ax ial di rec tions. The 48 vi bra -
tion sig na tures have been an a lyzed to as sess the op er a tional sta tus of mo tors and pumps.  The
vi bra tion spec trum has been re corded for a 2000 Hz fre quency span with a 3200 lines res o lu -
tion. The data col lected should be help ful in fu ture Pa ki stan Re search Re ac tor-1 con di tion
mon i tor ing.
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IN TRO DUC TION

On line de tec tion and di ag no sis of prob lems in
ro tat ing ma chines through vi bra tion anal y sis is ob vi -
ously the most de sir able way of ro tat ing ma chin ery
main te nance [1-4]. If prob lems were to be de tected
early on, while the de fects are mi nor and do not af fect
per for mance and, if the na ture of the prob lem was to be 
iden ti fied while the ma chine was still op er a tive, this
could re sult in many ben e fits, such as a con ve nient
shut down sched ule, re duced ma chin ery down time and 
pre ven tion of ex ten sive dam age, sav ings in time and
money, etc.

Nu mer ous vi bra tion tech niques have been ap -
plied to fault di ag no sis of ro tat ing ma chin ery. In the
1980's, Mathew and Alfredson [5] pre sented a re view
of vi bra tion mon i tor ing tech niques in time and fre -
quency do mains for roll ing el e ment bear ings.
McFadden and Smith [4] and Kim [6] in cluded clas si -
cal non-para met ric spec tral anal y sis, prin ci pal com po -
nent anal y sis, joint time-fre quency anal y sis, the dis -
crete wave let trans form, and a change de tec tion
al go rithm based on re sid ual gen er a tion. Lebold and
McClintic [7] re viewed sta tis ti cal meth ods for ex tract -
ing vi bra tion fea tures for di ag nos ing gear boxes.
Tandon and Choudhury [8] re viewed vi bra tion and
acous tic mea sure ment tech niques for the de tec tion of

de fects in roll ing el e ment bear ings. Chow [3] pro vided 
a brief re view of model-based ap proaches and sig nal
pro cess ing ap proaches in mo tor fault de tec tion and di -
ag no sis. Tandon [8] also showed that the prob a bil ity
den sity func tion is cor re lated with bear ing de fects.
Mathew and Al fred [9] re ported ob tain ing a
near-Gaussi an dis tri bu tion for some dam aged bear -
ings. Andrade [10] pro posed a com par i son of the cu -
mu la tive den sity func tion (CDF) of a tar get dis tri bu -
tion with the CDF of a ref er ence dis tri bu tion and used
the like li hood to suc cess fully de tect gear tooth fa tigue
crack. The root mean square (RMS) value and crest
fac tor have been ap plied in di ag nos ing bear ings and
gears [9, 11]. The fast fou rier trans form (FFT) [12, 13]
is the most con ven tional di ag no sis tech nique and the
tech nique used here for an a lyz ing PARR-1 vi bra tion
data has been widely used to iden tify the fre quency
fea tures of sig nals.

 In this pa per, first the re sults are taken and an a -
lyzed from a lab-based ex per i men tal setup so as to
gain better in sight into ro tat ing ma chine faults. For
this pur pose, dif fer ent faults are in tro duced into the
lab-based setup and the spec trum is an a lyzed for gain -
ing in sight on PARR-1 data. Af ter this ex er cise,
PARR-1 vi bra tion data is taken over a 2000 Hz fre -
quency span and 3200 lines of res o lu tion, for pri mary
and sec ond ary mo tors and pumps. Vi bra tion sig na -
tures are com pared with this stan dard for as sur ing
PARR-1 ro tat ing ma chines con di tion mon i tor ing.
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LAB-BASED EX PER I MEN TAL SETUP

A lab-based setup has been es tab lished to dem -
on strate some of the most com monly found faults in
ro tat ing ma chin ery. First of all, no faults other than
me chan i cal loose ness, un bal ance, and mis align ment
have been in tro duced into the setup. Af ter this, an
anal y sis of the ac tual spec trum of PA RR-1 ro tat ing
ma chines is done.

Me chan i cal loose ness

Me chan i cal loose ness can be cat e go rized as
struc tural loose ness such as mount ing base and ro tat -
ing el e ment loose ness. Mount ing base loose ness will
re sult in rel a tive mo tion be tween the ma chine foot and
base plate. This fault is sim u lated with a mo tor speed
of 1500 rpm* which is equiv a lent to a fun da men tal fre -
quency of 25 Hz. The har mon ics of run ning speed fre -
quency of 25 Hz is dom i nant in a faulty sys tem. This
sig na ture char ac ter is tic cor re sponds to me chan i cal
loose ness.

Vi bra tion due to un bal ance

The un bal ance of ro tat ing ma chine com po nents
is, per haps, the eas i est prob lem to pinout with con fi -
dence. Sim ple un bal ance, un com pli cated by other
prob lems, can be readily iden ti fied by the vi bra tion
occuring at a fre quency of 1XRPM of the un bal anced
com po nent.  The   pres ence   of  mul ti ple  fre quen cies
(i. e., 2x, 3x, 4x, times rpm) usu ally in di cates ad di -
tional prob lems such as loose ness, rub bing, etc. The
un bal ance was cre ated by at tach ing a load to the mo tor
shaft.

Vi bra tion due to mis align ment

Mis align ment is an other of the com mon faults of 
ro tat ing ma chin ery. It is the re sult of in cor rect ma chine 
align ment. Vi bra tional fre quen cies due to mis align -
ment are usu ally 1x, 2x, and 3x rpm and may ap pear in
any com bi na tion, de pend ing on the type and ex tent of
mis align ment. 

VI BRA TION ANAL Y SIS RE SULTS

A ra tio nal ap proach to suc cess ful and ef fec tive
con di tion mon i tor ing is that of trending the over all
value mea sure ments of ma chine con di tion over time
and, com pared with ap pro pri ate warn ing and alarm
thresh olds, rat ing these val ues as “good”, “sat is fac -
tory”, “un sat is fac tory”, and “un ac cept able”. In the
case of ex ces sive vi bra tion, the root cause could be
made clear by check ing fre quency peaks in the FFT vi -
bra tion spec trum. The same tech nique has also been
em ployed in our study where the spec tra were col -
lected for 48 pre de fined points, in ac cor dance with
ISO-10816-1. The mea sured val ues were then com -
pared with their lim its, in ac cor dance with pre scribed
stan dards.

Vi bra tion data was taken for pri mary mo tors A & 
B, sec ond ary mo tors A & B, pri mary pumps A & B,
and sec ond ary pumps A & B. De tailed pri mary mo tor
and pri mary pump A data is given in tab. 1. The data
was taken for mo tor out board hor i zon tal, ver ti cal, and
ax ial lo ca tions and, sim i larly, mo tor in board hor i zon -
tal, ver ti cal, and ax ial lo ca tions. In the case of pri mary
pump A, over all vi bra tion fre quency falls into the
good cat e gory of the ISO stan dard; pri mary pump B
and sec ond ary pump B over all vi bra tion fre quen cies
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Ta ble 1. Vi bra tions of pri mary mo tor/pump – A rpm 1473 (24.6 Hz)

No. De scrip tion Vi bra tion plane

Vibration ve loc ity Peak
fre quency

[Hz]
Com ments

Ma chine
con di tion

compared by
ISO 10816-1

Over all ve loc ity
[mms–1]

Max ve loc ity
[mms–1]

1 Mo tor out board Hor i zon tal 0.927 0.5493 1440.63 Bear ing frequency Good

2 Mo tor out board Ver ti cal 0.580 0.2863 1441.25 Bear ing frequency Good

3 Mo tor out board Ax ial 0.700 0.4298 343.75 Bear ing frequency Good

4 Mo tor in board Hor i zon tal 0.544 0.21 148 Im pel ler vane
fre quency Good

5 Mo tor in board Ver ti cal 0.673 0.3529 1432.50 Bearing fre quency Good

6 Mo tor in board Ax ial 0.452 0.1548 1433.13 Bear ing frequency Good

7 Pump in board Hor i zon tal 0.627 0.4587 148.13 Im pel ler vane
fre quency Good

8 Pump in board Ver ti cal 0.907 0.6744 147.50 Im pel ler vane
fre quency Good

9 Pump in board Ax ial 1.090 0.6424 24.38 Unbal ance Good

10 Pump out board Hor i zon tal 0.677 0.6095 148.13 Impeller vane
fre quency Good

11 Pump out board Ver ti cal 0.575 0.5598 148.13 Im pel ler vane
fre quency Good

12 Pump out board Ax ial 1.086 0.5931 24.38 Unbal ance Good

*rpm means rev o lu tions per min ute



ap pear in cer tain ar eas of good and  sat is fac tory. Sec -
ond ary pump A over all vi bra tion fre quen cies all lie in
the sat is fac tory re gion, there fore con tin u ous mon i tor -
ing is re quired for this pump.

In fig. 1, only re sults for the pri mary mo tor A
out board are shown. From the graphs, it can also be
con cluded that the over all vi bra tion re mains within
pre scribed lim its, but that in some cases rou tine check -
ups are nec es sary.

CON CLU SION

Vi bra tion data for pri mary and sec ond ary
PARR-1 mo tors and pumps have been gen er ated with
the help of a most re cent handheld vi bra tion mon i tor -
ing sys tem. The data has been gen er ated for ver ti cal,
hor i zon tal and ax ial po si tions and a to tal of 48 mea -
sure ments were re corded. The data was an a lyzed us -
ing faulty data to char ac ter ize PARR-1 ro tat ing ma -
chines. The data ob tained will re main help ful
through out the life of the mo tors and pumps stud ied

and will be help ful in fu ture in stal la tions of new mo -
tors/pumps.
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 Fig ure 1. Pri mary mo tor A out board spec tra
Vi bra tion plane: hor i zon tal (a), ver ti cal (b), and ax ial (c)
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MONITORING  STAWA  ROTACIONIH  MA[INA  PARR-1
REAKTORA  POSTUPKOM  VIBRACIONE  ANALIZE

Vibraciona analiza je kqu~no sredstvo za preventivno odr`avawe, koje ukqu~uje
analizu performansi ma{ina kako bi se detektovali i identifikovali potencijalni kvarovi pre
nego {to do|e do otkaza u radu i mogu}eg nastanka velikih o{te}ewa. U tom ciqu, postavqen je
eksperimentalni laboratorijski ure|aj za prikupqawe podataka o stawima bez gre{ke i stawima
sa gre{kom. Podaci su prikupqani i analizirani za primarni i sekundarni mo tor kao i za pumpe
Pakistanskog istra`iva~kog reaktora PARR-1, u horizontalnom, vertikalnom i aksijalnom
pravcu. Analizirano je 48 vibracionih zapisa kako bi se procenilo operaciono stawe motora i
pumpi. Vibracioni spektar snimqen je za frekvenciju od 2000 Hz pri rezoluciji od 3200 linija.
Ovi podaci bi}e korisni u odr`avawu PARR-1 reaktora.

Kqu~ne re~i: vibraciona analiza, dijagnostika kvara, Furijeova transformacija, mon i tor ing 
..........................stawa


