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PREVENTIVE MAINTENANCE THROUCH VIBERATION ANALYSIS

- [
M.A.Rayan, S.A.Rayan

ABSRACT

Some field experisnces of viberation measurements and analysis in prevan~
tive maintanance are presented In this paper, the principle of preventive maine
tensnce through vidberation measurementis are ocutlined for a € 02 centrifugal
compreasor train in an Amonis plant. The compressor irain conasistes of iwvo comp
resmor assings driven by a sieam turbine and a gearbox. The measursments vere
collected for a period of eight montha. It was ahown that by proper vibrae

tion nessurenents and annlysis, any fault is rapidly detected. This resulted im
immediate repairs snd conmequently inereaaing equipment age, which is the phi~

losophy of preventive maintenance rather than te repair the damage when it eccurs.

It was also abawn that in most cames, complete and accurate {nformation
of the rolor dynamic response is necessary to proceed with vibrati.n anslysis.
The standard methods of viberation evaluations, Rathbon, VDI 2056, mre discusaed

INTRODUCTION

Viberation measucements and analysis have becowe increasingly laportant
in order to meet recent developments swlh.rsspest to highly stressed industerial
machinery. Such practice will determine the effectivenass of maintenance work
performed on those components that exhibit early failures and further protect
expensive machines against total deatruction. The miaplest and most commonly
used method of viberation messuremenis is by permenant eleciric installations,
Thie conaista . primerily of a transducsr detecting either bearing housing
or relative motion dbetween shaft and bearing. Thome instmllations are coupled
to alarm system and & tri,gering system to sspure ahut down &t high viberation
levels.

The preventive mmintenance programme is a periodic check vith often hangd

neld viberation level meters, This type of preventive maintensnce must be
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applied myastematically and not only when trouble is eminent,

The comt of lmplementing a PMF related to viberation ss the key to amachinery
condition im frectlional compared to the probable maving in the operation. Often
the routine dismantling of machinery for annual or periodic murvey can be avoided,
providing an authentic viberatlon history io properly documented form can be shown

(AT

The cbject of this work i{s to review the genaral problems of viberation
measurements and analysis applied to machine maintenance through an actual case
of a coapressor irain.

YIBERATION CRITERIA

The viberatiom are measured by displacement, velocity or acceleratien;
the gquestion which always arises im; "what kind of aepmors should be ueed ? [2],
in fact this depends on what we are looking for, how is the machine built, displ~
acement proximity sensors which are suitable to be introduced in bearing housing
and what ie alsc used for; phase mempurement,and shaft orbit. It has limiteations
in temperature aad f{requency responme, the seismic sensors{velocity amenscrs) are
usually used when large viberations are expected, accelerommters{acceleration
sengora} which is mensetive within a wide frequency range requires often the use
of a low pasp filter. The guldeline or the limitations of acceptability of vib=
aration levels are governed by standards as Rathbone,Yates VDI 2056 which are
widely used.

The viberation severity does not have an absolute velue, {% depends on the
class of equipment,speced,rotor weight bearing types and ssal. Eathbones curves
(£ig.1) are primerily based on medium speed turbines(500CRPM),the measurcaments were
on the bearing with a seiamic velocity eensorril.Yaten produced meveriiy charts
working on massive turbine installations{fig.2), this chart ims presented for
bearing cap or pedetal. In Yates,the machinea were installed in relatively [lex~
ible steal shellms, despite the fact that Rathbone was {or massive machines foun~
dations. This wlll explain the differences between the aforementicned oriteria.
for example a viberation of freguency 10 Hz, amplitude of 10 mile is rough en

Rathbone and normal on Yatea.
*

¥DI 2056(iig.3) ie based on fine meparate classes of machineu[}], and
places no restriction on the viberation measurements. It should be remembered
t5et all this criteria are however subject to subjective opinicn with little

regard to the dynamic mystem to wbich they are applied.
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Fig. 3 Viberation criteris for rotating mechines
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TECHNIQUE OF MEASUREMENTS

[ ¢ b8 78 10 Low pressure compressor:
| running apeed 7050 RFM
/ : 1ot eritical speed ng 3500 RPM
2nd critieal speed(NCZ) 11500 RPM
o peamel High pressure compressor!

runcing speed 13693 RPM
NGt 8300 RPM

TR ‘ w2 14700 RPN

Turbine 18t stage Gear Znd mtige

Comprasact Drive Compressor Stear turbinet

running aspeed 7050 RPM
NC1 13600 RPH
» Plekup point U Plain Bearing { Coupling

Tig. 4 Lay out of the ccmpressor train

The viberations were memsured at tan locatlions in bearing housings as ehown
in fig. 4 . & welocity plck-up {s umed wituy irequensy analyser connsoted to X,Y
recorder, an example of the output ie given in fig. 5 ,for bearing number 9.
The high pressure compressor i{as running at 13693 RPM.

There are a record of eight months , only a aample of the measursmentis: ig
presgented, ; actually one bearing only conside¢ered in this paper; bearing number 5
of the gearbox high speed shaft. ilso it should be mentioned that the highest
viberation level 1s encountered in this poeition. The measurementa were taken
monthly for esch besring im three directions , horizontal, vertieal, and axial.
These measuremerts are reported in ihe viberation trend chart{VIC). Usually
when the fault is detected the next measurement im Lo assure the validity of the

correction work.,
ANALYSIS *ND DISCUSSION

The preventive maintsnance programme for this irain wae siarted right aflter
the errection of the factory. The viberantions are measured monithly, the aveilable

recorde are {or a pericd of seven montha.

Yerlng as example the low pressure compressor casings besring, the pesk is
noticeable arround 7000 RPM which corresponding to the rotating speed, the reca-
sreded amplltude im lese than 1 ma/es peak to peak (P/P) which corresponde
ta 0.2 miles P/P . However thie obsereved peak at a [reguency equal to the
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running frequency of the machine may be due io ecceatric journals as & result of
unbalance{initlal shaft deflecticn), &nd in all cases, this viberation level will
be falr on Rathbone,spinslike a top on Yates, and very good in V.D.1.20% , {
ae shown {n figure 3 ). The obaerved peak arround 100,000 HPM (fix.§ } im the
harmonic frequeny and propably from the gemar coupling teeth. In sll cases no
correction is required and the operation in this case is considered as satisfae-
tory. Another example im bearing number (8} of high spesd shaft in the gearbox,
the speed is 13700 RPM here the uppser position of the viberation ia clear, whare
the high speed abaft receiving also the viberation of the low mpesd ahaft &t

ita frequency. k& noticesable pemi ip obmerved at ths running frequency then it

is repeated st twlee the running speed of the low preseure sompreesor ahafy
(2 x RPM}, 1t 18 cleer in the horiazontal direction, where it reaches bom/s

peak to peak, which ie slighily rough on Yates and an imprnvement i{s desirable-en
VDI 2056, The probable reason is the missalignment together with mechanicel looe
seness., The compressor was shut down and the gearbox beering were checked , ox=
ceseive wear wap noticed, and the four bearings were changed. The nextviberation
check ( fig. 8 ) shows clearly the dissppearance of the high viberation level.

It is important to note thet the calculstion of the oritiecal spesds may
generally explain many of the viberation problems, in criticel oases the rotor
dynamic response should be under taken, since the critical epeeds esloulstion
are ueually based on rigid supports. In the ceses where critical apeeda are

suspacted to be the resson of viberationa, the vibsrations freguencies sre of
the order of shaft {requencies.

GCONCLUSION
Bamed on this study the following sonolusicns and rescmmendavions are

of fered:

1= Yiberaticns meamsurement iz a good tool in preventive maintenance, the annual
or periodic survey can be avoided mince preventive malitensnce permita the
detection of the fault and conseguently its correction.
2-In general i{f there is no apecific severity chart given by the manufs-
clurer YDI 2056 im suiiable in the cases of compressors and turbines.
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Pig. 8 Vibvaration level on the bearing number B
of the gearbox after correctiion.
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