


lntroduction
This booklet of the basic quesions asked
by rhe newcomer to vibration measurement. lt grves a
br ief  explanat ion 10 the fol lowing:

why do we mea.ute vibrationT

whsre does it cohe lrom?

How to quantity the vibration level

Ths vibration partmeters, Acceleration,
Vetocit and oisplacement

Measurement Units
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Ths piezoelectric acc€lerometer

Praclical acceleromeisr designs

Accsleromersr lypes

Accelerometer characl€ristics

Accelerom€t3r f requency rangs

Avoiding €rrors duo to accelerometer reson.nce

Choosing a mounting Position tor ihe

How to niount the accol€rometer

Environmentallntluencos General

Environmentsl-lntluencos - Temperature

Environmenial Influences - Cabl€ Noise

Other Environmental Intluences

Accsletometor calibraiion

A simple calibralor

Forc8 and impedance measuremenls

Logarithmic scal€s and dscibels

Why uss an accelsroheier preamplilisr?

The vibraiion m€t8r

What is frequsncy analYsisz

Constant bandwidih or condanl porcentag€
bandwidlh frequencY an.lYsis

Filter bandwidth considerstions

Detining the lilt€r bandwidth

Measuring instlum€ntation

Using vibration measur€menis

Vibration as 6 machine condition indicalo.

Vib.ation troubl€ shooting charts

Vibraiion and tho human bodY
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Background
Since man began to bur ld machines tor induslr iat  use,
and especially si.ce moro.s have been used ro power
them. problems of  v ib.at ion reduct ion and isotal ion have
engaged engrneers.

Gradual ly,  as v ibrar ion isotar ion and reducr on rech-
nrques have become an inregral part ot machine design,
the need lor  accurale measurement and analysis ol  me,
chanical  vrbrat ion has grown. This need was targety sa-
tislied, for lhe slow and robost machines or yesreryear,
by lhe expenenc€d ear and touch ol  the pta engineer,
or by sinple oprical insrrumenrs measuring vrbrarory drs

Over the lasr 15 or 20 years a whole new rechnotogy of
v ibrat ion rneasuremenr has been devetopedwhich is sui i -
able for invesligaling modern highty srressed, high speed
machinery. Using piezoelecrric acceterometers ro converr
vibratory rnotion into an etecrricat signal, the process ot
measuremem and analysis is ably performed by rhe vers,
at i le abi l i t ies ol  e lectronics.
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Where does it come from?
ln oractice it is very dilficult to avoid vibralaon lt usuallv
occurs because of the dynamrc elfects ot manufacturing
tolerances, c learances. rol l ing and rubbing contact  be
tlv€en hachine Darts and oul-ol-balance lorces an rolat-
in9 and reciprocating memb€rs Often, small insignili
canr vibrations can excite the resonant lrequencies ol
sorne other svuctural  pa s and be ampl i i ied into major
vibrat ion and noise sources.

Somer,m.s rhough. mecl-anical  v 'braton per{orms a use
f!  job.  For €xample,  we generate v ibrat ion Intenl ional lv
in component feeders, concreie compactors, unrasonrc
cteanrno balhs. rocl dtills and pile drivers vibrarron test
ing machines are used exrensively to impart a controlled
level  o1 v ibrat ion energy to products and sub-assernbl ies
where l  is  reouired to examine lheir  phvsical  or  tunc_
rional response and ascertain rheir resislabildy ro vib.a_

A t !ndamental  requirement in al l  v ibrat ion work,
whelher n is in rhe design ol  machines which ul i l ize i ts
energies or in rhe creation and mainrenance ol smoolhly
r lnning mechanica! products,  is  ihe abl l i ty  ro obtarn an
accurare descr iot ion of  the v ibrat ion by measuremenl



What is Vibrarion?
A body is said to vibrar when n describes an osciflating
molion abour a reference posilion The number ot times
a complete morion cycle rakes ptace during the poriod ot
one second is call€d lhe F oquoncy and is measureo h
hsrrz lHz).

The motion can consists of 6 sangle comdonent occuring
ar a single trequency, as with a tuning tork, o. of several
components occur ing al  d i t terent f requencies srmunane,
ousry, as for example. wjth the piston motion of an inter
nal combusio^ engine

Vibration signals in practice usualty consist of very many
t.equenciss @cu.ing simultaneously so th6t we c€nnot
immedial€ly see iust by tookins ar the arnptitud€-rime
paltern,  how many comDonents there are,  and at  whar
freouencies thev occur.

These components can bs reveat€cl by ptonins vibration
ampl i lud€ againsl  l r€qu€ncv. Ths breakrng down ot  v ibra
tron s€nals inlo individuat lrequency componenrs rs
called frequencl anatysis, a iechnaque which may b€ con-
sidered the cornerstone of diagnoslic vibration measu.e,
rhents. The graph showing the vibraiion levet as a func-
laon of frequency is called a f.equency spsctrogram.

When Jrequency analyzing machine vibrat ions we nor
mally lind a number ol prominent pefiodic fr6quency
componenG whEh are di.ectly .elared to ihe fundamen-
tal movemenls ot various parrs ol the machine. With fr€,
quency analysrs we are therefore able ro t rack down the
source or undeskable vibrarion.
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Ouantifying the Vibrat ion Level
The vibralion amplilude, which is the characteristic
which describes the severity of the vlbration, can be qu-
ant i l ied in several  ways On the diaqram, the relatron-
ship between the peak to peak level, the peak level, the
average level and lhe RMS level of a sinewav€ is shown

The peak-to-peak value is valuable inthat i l  indicatesthe
maxlmum excursion of  the wave, a uselul  quantr tv
where, Jor example,  the v ibratory displacement of  a ma-
chine part  is  cr i t ical  for  maximum stress or mechanical
c learance considerat ions.

The perk value is panicularly valuable for indicating the
level of shod duralion shocks etc. Bul, as can be seen
from the drawing. peak values only indicare when maxi-
mum level  has occui ied,  no account is taken of  the t ime
history of rhe wave

The rectilied avsrage value, on the olher hand, does take
the time hisrory of lhe wave inlo account, bul is consid_
ered ot limiled practical interest because il has no direct
relat ionship wi th any useful  physical  quanlr tv

The RMS value is the most rel€vant measure of  ampl i -
rude because it both takes the time historv of the wave
into accounr and gives an amplnude value which is di_
rectly rblaled 10 the energy contenl, and therelore lne
desrruct ive abi l i t ies of  the v ibrat ion.



The Vibration Parameters, Acceleration, Velocity and Displacement.
Measuring Units
Whsn we look€d ai the vibrsting iuning fork w6 consrd-
er€d the amplilude of th€ wave as the physicsl disptaco-
menr of the fork ends lo either side ol the rast posaraon.
In addirion ro Displac€menr we can atso d$cribe th€
movement of the lork l€g in terms ol its volocity and its
acceleration The form and period of rhe vib.ation remain
th€ same wheth€r n as the displacsmem, vetocity o. ac-
.elerarion rhal is being considered The main difterenc€
is that thers as a phas€ ditlerence betwesn rhe ampti.
tu(,6-lam€ curves of ths three par€meters as shown in

For sinusoidal signals, displacem€nt, vel@ily and accsler-
atron amplitudes are related mathematicatly by a lunc.
tion of frequency and time. this is shown graphically in
th8 diagram. lf phase is neglecred. as is atways lhe cas€
when making time average measurements. then the ve-
locity level can be obtainod by dividing th€ €ccererat|on
signal by a factor proponional to frequency, and the dis-
plac€ment can be obtained by clividing th€ acceteration
signal by a lacror p.opo.taonal lo the square of tre-
qu€ncy. This division b p6rformed by etectronic intsgra-
lors in th€ m66suring instrumentstion.

Th€ vibration pa.ameters are almost univer.ftty mea,
sured in mslric units in accordance with ISO require-
m€nts, these are shown in th€ tabte. The oravirarionsl
constanr "g' is slillwidely used for acceleralion levets al-
though ii is ourside th6 ISO sysiem of coh€renr unit3.
Fortunately a factor ot almost lO (9,8tt retstes rhe r\ivo
unit5 so that mental conversion wirhin 2% is a simote

-Jry!. 

'r=zii'=J.dtl
>.

,,1 \

oor-;t . alo|, r' al

untt! ro tso I ooo

n/r  m/. ldm.-1,  tu- i t



Considerations in choosing Acceleration,
Velocity, or Displacement parameters
By detecling vib.ato.y acceleration we are not tied lo
that parameter alone, wilh electronic inlegrarors we can
convert the accel€rsiion signal to v€locily and displace
ment. Most modern vibralion melers are equrpped to
measure all lhree paramerers.

Where a single. wide lrequencY band vibration measu.e_
ment is made, lhe choice of parameret is imponant if
lhe signat has components at many lrequencies. Meas-
u.ement of  d isplacement wi l l  g ive the low rrequencv
compon€nts most weight and conversely acceleration
measuremenG will weight the tevel towards lhe high fre
quency components.

Exp€rience has shown that the overall FMS value of vi_
bration velociry measu.ed over lhe range lO lo l OOO H,
gives rhe besr indicalion ot a vibralaon's severnY A prob'
able explanarion is rhat a given velocdy level cor.e-
spo^ds lo a given energy level so rhar vibralion ar low
and high lrequencies are equally weighled iiom a vibra-
tion energy poinl of view. In practice many machlnes
have a reasonablv fl6t velocily spe€lrum.

Where narow band frequency analysis is performed the
choice of paramet€r will be reflected only in lhe waY the
analysis plot is rihed on the chan paper {as demon-

stated in lhe middle diagram on the opposile page) This
leads us to a pract ical  €onsiderat ion that can in l ruence
the choice of param€ter lt is advantageous to ssred rhe
Darameter which gives lhe flanest lrequencv spoctrum i^
ord€r lo besr utilise the dynamic fange (h€ difierence be
tween $e smallesl and largest values rhar can be mea_
sured) ol the insrrumenralion For rhis reason lhe veroc
iN or acceleration garameter is normally selecred for fre_
quency analysis purposes.

Eecause acceteralion measurements are weighred tow_
ards high frequency vibration componenls, lhrs
Darameters tends to be us6d where the frequencv fange
ol inl€resl covers high rr€qu€ncres

The narure ol mechanical syslehs is such rhal aPpreca_
able disDlacemenrs only occur ar low lrequencies, rhere_
tore displacement measuremenls are of limited valua in
rhe general study of mechanical vibration Where small
clearances berween machrne €lements are being consid
ered. vibratorv disDlacement is ol course an important
considerarion. Displacement is often used as an indica_
tor ol unbalance in rotaring machine parts because rela_
rively large disptacemenrs usually occur at the shaft rol€'
nonal freouencv, which is also th€ lrequency ol g.ealesl
inlerest for balancing purposes



The Piezoelectric Accelerometer
The iransduce. which. nowadays, is more,or,ress unr6r
sally usecl lor vibrarion measurements is th€ oi€:oetec-
rfic accelerometer. lr exhibits befler all-round characleris-
tics rhan any oth€r rype ol vibration rransducer. lt has
very wide l.equency and dynamic .anges with good linc
arity th.oughour rhe ranges lt is relarivelv robust and re-
liable so that ils characteristics .emain stable over a 

'ono

Additionally, lhs piezoelecnic accsleromeler is s€lt,gene,
rating, so that it doesn'l need a power supplv. There ar€
no movrng pans to we6r out, and linally, its acceteration
proportional outpur can be integfated io give velocily and
displacerfi ent proportional signals.

The heart of a piezoelecrri€ acceterometer is lhe stice ol
piezoelectric material, usually an r.tilicially potarized fe.
roelect.i€ ceramic, which orhibils lhe unique piezoetec-
rric elfect. Whon it is mechanicdlly stressed, eith€r in
t€ns,on, compression or shear, ii generarss an etectrical
chargo across its pole faces which is p.ooo.tionat to th6



Practical Accelerometer Designs
In Dractrcal acceleromeler desrgns th€ prezoeleclrrc ele
ment rs aranqsd so lhat whPn ths assemblY rs vrbraled
the mass aoolies a lorce ro th€ pie2oel€clric eremenl
which is or;oo ionat lo the vibr€torv accel€.alion This
can b€ s6;n lrom the law, Forc€ = Mass x Acceleration.

for  f requencies lvrng wel l  u.der lhe tesondnl  { requencv
of the comolere sorinq mass svstem, the accelerarion of
rhe mass will be the same as lhe acceleration of lhe
base, and the ourpul signal magnilude will rherefore be
proportronal lo lhe ac.ele.al'on to which lhe prck up is

Two conligurations are in common use:

The ComDrossion Tvpe where the mass exeds a com_
pressive force on the plezoelectric elernent and

Ths Sh66r Type where lhe mass o(erts a shear torce on
the piezoelectric elemenr

Compression
TYpe

Shear Type



Accelerometer Types
Most manufactures have a wide range ol  acce erome
lers,  at  t r rs l  sghl  maybe roo many to hake Ure croice
easy A smal l  grolp ol  generat  purpose" types w sa
lsty mosr needs They are avai tabte wi th ei ther rop or
sde nrounted con.eclors and have se.slv ies in the
ranse I  io 10 nrv or pC per m,/s,  The Br ie l  & Kjer Uni
Gain@ types have iheir  sensir iv i lv  normal ized lo a conve
nrenr "round fgure'such as 1 or lOpc/ms 2 10 sim-
pl i ly  ca rbrar on of  ihe measurng sysrem

The remarning acceleromerers have lheir  characrer s lcs
sranted towards a par i rcutar appt icar ion For exampte,
smal l  sze acceleromel€rs thal  are io lended ior  h igh te
vel  or  h gh frequency measuremenrs and for Lse on del i
cate str lct l res,  panels,  etc.  and which weigh onty O,g

Olher spec al  purpose lypes af€ opr imized for srmutrane
o!s measuremenl in rhree mui!a y perpendicular
planesj  h igh temperal l r res;  very tow vibrai ion tevets;  h gh
level  shocks; cal ibrat ion of  other acceterornerers by com
parison; and for permanenr monitor ing on inousrr  at  ma
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Accelerometer Characteristics (Sensitivity, Mass and Dynamic Range)
The sensitivity is the first characterisric normallY gonsid-

ered. ldeallv we would like a high outpul level, bur h€re
we hav€ to compromise becauso high sensitivity nor_
mallv entails a relativ€ly big piezoelectric ass€mblv and
consequenllv a relativelY large, heavy unrr'

ln normal circumslancos lhe sensilivity i3 nol a crilical
problem as modsrn preampliliers ar8 designed to accept
these low level signals.

Ths mass of lhe accelerometers becomes imponant
whsn measuring on light lssl obi€cts. dditional mass
can sisnilicarnli aher the vibralion levels and frequen-
ci€s at the measuring Point

As a oeneral rul6, lhe accelerometer mass should be no
." . . i tan one tenlh ol  lhe dvnamic m6$ of  rhe v ibrat_
ing pan onto which it is mounted

Wh€n i l  is  wished to measur€ abnormal ly low or high ac-
celeration levels. the dynamic fange of ths accelerome-
ter should be consad€red. Tfu low€r limit shown on th6
drawinq is not normally d€termin€d direcilv bY lhe acc6F
erometlr. bur bv electrical noise trom conn€ctine cabl63
and amolitier circuitrv. This limit is normallv as low .s
on€ hu;dr€dth of a m/s2 with gen€ral purposo instru-

Ths upper hmi! is d€lermin€d bY the accelsromel€r's
st.uctural sirengrh A lyprcal general purposs accel€r'
om€tsr is linear up lo 5OOO0 lo looooom/s2, ihat i3
w€ll into the range ot mochanical 6hock3. An accel€r-
om€t6r esp€cially designed tot th6 measurcm€nt of m€'
chsnical ;hocki .ay be linear up to loo0km/32
{l oOOoo s}.
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Accelerometer Frequency Range
Mechanical slsterns lend io have much ot thsir vibr.lion
energy conrainsd in the retativety narrow frsquency
rang6 batween lOHz to 1000H2 but measurem€nrs ar€
oflen made up to say lokHz becaus€ there are ofren in,
rere$ing vibration compongnts d ihese higher frequen.
cres w€ must €n3ure, rhorefore, whsn set€ctrng 6n ac,
celerometer, thar the frsquency fang€ of th€ acc€terome_
ter can cover the range ol interest.

The lrequency range ove. which rhe acceteromster giv6s
a rrue output is tilnii€ct at the tow tr€quency end in prac-
iice by two lactors. The first rs rh€ tow trodu6ncy cui.ofl
ol the ampl'Iier wh'ch folows it This rs nor normaly aproblem as rhe lmrr 

's 
usua y wel betN one H, The

second is lh. effed of ambient remp€.arure ftucruarions,
io which rhe accoteromet€r rs sens[rve. With modern
sh€ar typ€ accgl€rometsrs this €tfecr is minim€|, aflow_
ing measuramenls down to b€toi!, 1 Hz for norm€t envir-

The uppe. limn is determined by rhe rosonanr tr€quency
or the mass-sp.ing system of the acceterometer iGetf

As a rule of rhumb, if we set the upper frequsncy trmd
to one-third of rhe r€ceteromeleis resonance frequency,
w€ know thar vibralion componenrs msasured at rhe up_
per frequency limit wtt be 

'n 
error bv no mors rhan

+ 12%

Wilh small accelerom€ters whsre rh€ mass is sma . the
fesonanr frequency can be as high as t8okHz. bur to.
lhe somewhat larger, highe. oulput, gsne.at purpose ac_
cereromet6rs, resonanr frequencies of 20 ro 3OkHz are

Considerations

l l I
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Avoiding Errors due to Accelerometer Resonance
As the accelerom€ter will typically have an ancreass In
sensitivity at rhs high frequency end due to its reson_
ance, irs ourput will not give a irue representation of the
vibrat ion at  the measur ing poinl  a l  these high l requen_

When fr€quency analyzing 6 vibration siqnal, one mav
easily recognize lhat a high lrequency peak is due lo lhe
accelerometer resonance, and therefore igno.e it Bul if
an overall wideband rsading is taksn which includes th€
accelerometer resonance it will give a totally an6ccurale
result if. 6r the same lime, the vibralion lo be measursd
also has compon€nts in lhe r€gion around lhe resonant

This problem is overcome by choosing an accel€.omeler
wirh as wide a frequency range as possible and bv using
a low-pass f i l ter ,  which is normal ly included in vabral ion
meiers and preampliliers, to cul aw6y rhe undesir€d sig'
nal caused by the accelefometer resonance.

Wh€fe maasuremenrs are conlined to low fr€quenci€s,
hagh frequency vibraiion and scceleromol€r resonance 6f'
lects can b€ r€moved with mschanical fillers. They con-
si$ of a resilient medium, typictllY rubb€r, bonded be'
tw€€n two mounting discs, which is mounled b€tw€en
the acc€lorometer and the mountino surface. IheY will
rypacallv r€duce the upper frequency limil to bolv/e€n
O.5 kHz to 5 kHu.
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Choosing a Mounting Posit ion tor
The accelsrometer should be mounled so rhal rhe d€,
grred measuring dire€tion coincides wirh rG marn sensr-
tivity axis. Accelerometers are also stighrty sensitive to vi,
brat ions In lhe t ransvprs€ drrecrnn, bur lhrs can nor-
mally be ignored as rhe transverse sensirivitv is typica y
less than 1% of ihe main a)(is sensitivitv.

The reason fo. measuring vibralion on lhe objed witt us-
ually dictate the posirion of rhe measunng point. T6ke
the bear ing housing in the drawing as an exampte. Here,
acceleratron measurements are being used to monitor
lhe running condir ion of  the shaft  and besr ing.  The accet,
eromete. should be positioned to maintain a dired p6rtl
tor rhe vibrataon from rhe bearins

Accererometer 'A ' thus derects rhe vibrarion signat trom
rhe b€aring predominant over vibrations from orher oarts
ot the machine, but acceleromerer "B deteds rhe bear-
ing vibration, probably modilied by nansmission through
a ioinr, mix€d with signals lrom other pans of the ma-
chine. Likewise, accelerometor "C" is positioned in a
more clirect path than accelerometer "D".

The question also arises - in whrch diredion shoutd
on the machine element in quest ion? t l  is

rmpossrble ro srals a generdr rute,  bur as an eiamDte, tor
the bear ing shown, one coutd sain vatuabre informat ion
for monnorinq purposes by moasuring both in the axial
direclion and one of the radiat dir€crions, usua y the
one erpecred ro have the lowest slitfness.

The respons6 of mechanical obiecrs ro forced vibrarions
rs a complex phenomenon. so lhal one can e(Dect, esDe
cially at high f.aquencies, ro m€asure significanrly ditfer,
eni vabralion levels and frequency specta. even on adja-
cent measuflng poinG on the same machins etement.

the Accelerometer
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Mounting the Accelerometer
The melhod ol mounting the accelerometer lo the mea

sLr ing poinl  is  one ol  lhe most cnl ical  faclorc in obtain_
rno accuraLe resul ts l rom pract ical  v ibralron measure'
minrs. Slopoy mounting resulrs in a reduction in rhe
mounted resonant frequencv, which €an severelv ljmit
the usetul frequencv range of rhe accelerometer' The
id€al mounting is by a threaded stud onlo a flat, smoorh
surface ss shown in th€ drawing A thin layer or grease

agphed ro rhe mounling su.face b€fore trghtenrng down
th; accelerometer will usuallv improve the mounling stiff-
;€ss. The taDp€d hole in fie machin€ psrt should b€ suf-
licientlv deeo so thal the slud is not lorced into the base
of lhe accelerometer' The upper drawing shows a tvprcsl
resoonse curve of a general purpose accereromeler
mounted w,th a lix'nq slud on a llat surlace The reso_
nanl  f reouencv anained is almost as high as lhe 32kHz
mounted reso;anl frequencv attained under calibralion
where the mounting surfac€ is desd llal and smooth

A commonlv used allernal've moiinring melhod is lhe
use ol  a rhin laver of  bees_wax for s l ickrng lhe accelet_
ometer imo place. As can be seen lrom rhe response
curve, rhe resonad frequencv is onlv slightlv .educed lto
29 kHzl. Because be€s-war becomes soft at highor tsm_
o€ratu;es. the method is restricred to aboul 4O'c. With
clean surtaces, tr€€s_wax fixing as usable up to acc€lera_
tion levels of about l OO m/s2
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Mounting the Accelerometer
Where permansnt measu|n9 po,nrs are to bF €sra-
blished on a machin€ and rr ,s nol wrshed ro dflI and rap
f i r rng.holes.  cement ing sruds can be useo. T,rey are ar i
acn€d to th6 measuring poinr by means ot a hr.d gtue
Epoxy and cyanoacrytsle rypes are recommendsd 6s sofi
gru€s c€n considerabty reduce rhe usabte frequency
range ol rhe accele.ometer.

A mica washer and isotared siud ars used where the
9ody oJ rh€ acceteromer€r shoutd be etsckrca y ,sorated
rom lhe measur ing obiect  This is no.maltyto p,evenl
ground loops. but more about thar under "Environmenral
ln l luences .  A rhjn st ice shoutd be peeted from rhe thrck
m|ca washer supptiod This tixing msrhod atso gives
good results, the resonance frequency of lhe resr accereF
ometer only being reduced lo abour 28 kHz.

A prmanent magnet is a simpte anachmenl metnod
where the measu. ing po'nt  

's  
a f tar  magnFnc surtace. t r

a|so erectr'catty isotales the accetproheter. Thrs melhod
reduced ihe resonanr t.equency of the test accete.ome-
ler ro abour 7kH2 and consequenlty cannot be used for
measurements much 6bove 2kHz. The hotding torca ot
lhe-rnagner is sutlicient for vibrarion tevets ut to IOOO
to 2OOOm,/s2 d€pending on ihe size ot lhe acceErome-

A hand-held probe wilh rhe acceterom€rer mounted on
Iop rs very convenient for quick took survey work, but
c€n grvF gross maasur inq e ors bFcsuse ot  the tow ove.-
all sriftn€ss. Fepearabte resutrs c.nnor b. €tpecred A
row pass lilter shoutd be used to timit the measu.ing
range ar about l OOO Hz

E
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The Inf luence of  Environment -  General



Environmental Influences - Temperature
Tvpacal gensral purposa accel€rometers can toterats tem-
p€rarures up to 25OoC. Al hrgher temp€ratures rhe pie-
zoeredr'c ceramic witt b€grn to dspotarE€ so thai rhe
s€nsitivity will be permsnently stte.od. Such an acceter-
omeier may still be us€d afre. recatibration It rhe deDota-
nzarion 

's 
not too sewr€ For temperarures up ro CtiO"C.

sccererom€ters wirh a specral pie?osteclric ceramic ar€

All piezoelectric materials are temp€raru.e dependent so
lhal any change in ihe ambi€nt tempsrarure will restltt
In a change in rhe sensiiaviry of the ac€elsrometer, For
lhrs re6son all B & K accolerometers are dolivered with a
sensirivity versus temperature catibration cu&e so that
measured lev€ls can be corrected tor ths chanse In scceF
6rometer sensitiviry when measuring ar temp€raturos s,9-
nrtrcanlry hrgher o. low€r than 2OoC

P'€zoelecrr'c accelsrometers atso dhrbir a v6ry,ng outpur
when $biectsct lo smatl remperature ftucruations, ca ed
temperalure t ransrenrs,  In lhe measur ing snvironmenr.
rr|rs rs normatty ontv a probtem wher€ very tow tevet o.
low frequency vibrations are being fieasured Modern
shear type acceterometers have a very tow sensitivjly to
ramperature ransients.

When acceleromet€rs a.o to be fixsd to surlaces with
higher rempsrarures than 25OpC. a h€ar sink and mica
washer can b€ inssrted b€tween the bsse ano tn6 mea_
sunng surface. Wirh sudace temp€raiures of 350 ro
4OOoC, rhe accete.omeler base can be hetd betow
25OoC by this morhod. A slream of coot,ng ar can pro-
v|oe aoo[Dnat assrstance

,25ta

t

-V-a

KIffiffs f

2oo"c I 3oo.c 4oo.b

ta



Environmental Influences - Cable Noise
Since Diezoglectric accelsromolers hav€ a high oulpur rm_
D€dance, oroblems can sometrmes arise with noiso sig'
nals induced in th€ conn€cting clbl€ Th€3€ dislur'
bances can resull (rom ground loops, riboelecric nois6
or electromagn€trc norse.

Ground Loop currenls so.netim€s flow in ih€ shi€ld ol
accelerom€t€r c€bl€s b€cause the acc€leromelsr and
msasuring equiphont sre eathed s€parstely. The
ground loop is brokon try €lsc'trically isolating th€ acc6l€r-
omoter bas€ from tho mounting surface by m6€ns of an
isolaiing stud and mica washsr as al.6€dY mentioned

Trlbo-.hct.ic Noi6€ is often induced inio the acceler-
ometer cabl€ by mechanical morion ot the cabls it36lt. lt
originar€s from locat capacity 8nd ch.rge changes due lo
dynamic bending, compression and tension of the layers
making up the csbl6. This probtem is avoided bv using 3
proper graphited accelerometer cable and taphg or glu'
ing it down 6s close to rhs acc6leromst€r a3 possabl6

Eloctrom.gnetic Noit€ i3 ollsn induced in lhe acc€leF
ometer cabl€ when ir li€s in ihe viciniiv of running ma'
chinery. Double shi€lded cabl€ h€lps in thF rssp€ct but
in severe cases a bsl.nced acc€l6romerer and differen_
tial preampliti€r should b€ used.



Other Environmental I nfluences
B|.a Sl'.ina: Wh€n an acceleromet€r is mounl€d on a
surface that is undergoing strain variations an output
will b€ genoratod as a resuh of lho strdin being tr8nsm|l-
t€d to tie s€nsinq elsment- Acceloromst€rs 6re dgsign€d
with thick, stiff bsses to minimizo this ellect Delta
Sh€ar@lD€s heve a panicularly low base strain sen3itiv-
iiy b6cause iho s€nsing elsm€nt is mount€d on a csntre
p;st ralher ihan dir€ctly to ihe acc6leromster base.

Nuctaar aadiation: Mosl B&K acceleromelers can be
us€d under gamma radiation dosos ol lok Rad/h up to
accumulated dosos of 2M Rsd without significant
chanoe In characteristics. Certain accelerom6lers can bo
us€d in hsavv radistion wilh accumulatd dos63 in €x'
cess of  looM R6d.

Magn€iic Field.: The magnelic sensilrviry ol pi6zoel€€_
r ic sccelerometers is verv low, normalrv l "ss than 0,01
io O.25 m/s, psr k Gauss in the l€ast lavourable orienra'
lion of the accsl€romet€r in th€ magnetac tield

Humidity: A&K acceleromeiers are soaled. either bY
eDoxy b;nding o. weldang lo ensure reliable operstion in
h;mid €nvironmerns. For short dltation us€ in liquids,
or wh€r€ hesvy condensation is lik€lv, Toflon saaled ac_
celsromder cables ar€ r€commsndd Ths accelefoms'
rsr connecto. 3hould .lso be ss.led with 6n acid lre€
room temo6ralure vuloanizing silicon rubber or rnasnc
lndust.ial accal€.omersrs wifi int€gral cables should b€
used tor D€rmaneni us€ in humid o. wet areas-
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Other E nvironmenta I Inf luences
Corosive Substancesr The materr 's used n the con

struct ion of  a l l  Bruel& Kla.  accelerometers have a nrgn

i" . 'o"* , ,  .  nnst  o1 rhe cotrosrvc nsents encolnlered

Acoust ic Noise:  the nose lcvels presenl  in machrnerv

o,, ,  no, ' , ,n y nol  sul l .e. tLv h '9h 10 ca!s€ anY sgnl l

c.rrr  error in vbrato.  measurenrents Norm'rrv '  ine

. .o!s l 'cr  ry ndLJ.ed vrbral lon n ihc s l ruclure o '  wnrcn

r l r - -  ac*! . romel, : r  s mo!nled s iar  ! re ' ter  than lh€ arr

Transverse Vibrat ionsr PeToeLeclrr '  accelerometcrs are

sf fs l rv ' )  lo v ' l ) rat ions aclng rn 
' l r rectrons 

6ihr:r  than

..  
' ic ,cr  ' , , r  

v, , r l ,  lherr  maln axrs ln the t ransverse plane

r)erDen{lc! iar  lo the nrar.  nxrs l l re sefs l 'v tv rs less

L. l_3lo +v" or the n,ain axis sensr lv i tv { tvpicai lv < 1%)

as the l ransv.rse resonanl  l requencv normal lv l ies at

or,nut I  :  ot  
' r , "  

msrn axis resonant f reqrrencv t  shou d

be consrdered wherc hrgh levels ol  t ransverse vrbralron
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Accelerometer Calibration
Each Brijel & Kjer accelerometer is suppli€d andividually
calibrated from lhe factory and is accompanied by a com-
preh€nsive calibration ch6rt. Wh€re acceleromerers 6re
$ored and oper.ted wilhin then specified envnonm€nlal
limals. i e- are nor subiected to eicessive shocks, lempe.,
atures, radiation doses erc. rhers wall b€ a minimal
change in characterisrics over a long lime psriod. Tssls
have shown lhat cha.6ctsristics change legs lhan 2%.
even over periods ol several years.

However, in normal uss, accelerometers ar€ often sub-
jecl€d lo qune violent tr€atmenr which can result in s
significant change in characleristacs and somelimes even
permanent damage. When dropped onto a concrere floor
from hand height an accelsromerer csn be subje€ted io a
shock of many lhousands ol 9. li is wise therefore ro
make a periodic check of the sensitivity calabration. This
is normally suflicient to conl rm rhst the acceleromet€r
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A Simple Calibrator
The mosi convenienl msam ol pertorming a poriodic cali,
braiion chect is by using 6 B&K bartary-powered cali
bratsd vibration source. This has 6 small builr.in shaker
table which can b€ adjusted to vibrate at precisely I g
{9,81 m/s2).

The sensitivity calibration of an acc€lerometer is checked
by fastening ir lo rhe shaksr tabl€ and noting irs outpul
when vibrar€d at 1 g. Ahernatively an acc€lerometer can
te reseryed for uss as a reference. lhis is mounted on
rhe shake. labls with th€ accelerometer to be calibrat€d.
The ratio ot thei. resp€ctiv€ outputs when vibrated will
be proportional to their sensitiviti€s, and as lhe s6nsitiv-
ily ot the reference accel€romeror is known, the un,
tnown accelerometer's s€nsitivity can be accurately de-

An equally useful application for the portable calibrator
is rhe checking of a complate measuring or analyzing set,
up before the measuremenls are made. Th€ moasuring
acceleromerer is s imply t ransfefred l rom rhe measur ing
obiect lo th€ calibrator and vibrrted at a lstelof I g. The
metsr rsadout can be checked and if a level or taDe re-
cord€r is b€ing used, rhe 1g calibration level can be re-
corded fo. f uture .€f erer|ce.



Force and lmpedance
tvteasuremenrs
Force tansducers are used in mechanical dynamics
rneasurements together with acceleromerers ro dele.
mlne lhe dynamia forces in a structure and the resul t ing
vibratory motions The parameters together describe the
mechanical impedance of the st.ucrure.

The force lransducer also uses a piezoelectric elsm€nt,
which when compressed gives an electr ical  ourput pro
portional to rhe lo.ce t.ansmitted through it. The lorce
signals can be procassed and msasured wirh exactly rhe
same instrumentataon used with 6ccelerom€ters.

For poinl impedanc€ measurements on very lighl struc
lures. the accelerometer and force lransduce. can be
combined inro a single unit called an impedance he6d.
Most impsdance messurements, however, are per
lormed using a separaie accelerometer and for€e trans-

Force
Transducer

lmpedance
Heod



Logarithmic Scales and Decibels
We oft€n plot frequency on s logarithmic sc6l6, Thi6 has
tho €ffed ol sxpandine th€ 10r.|€. lr€qu€nciec and com-
pr€ssing the higher fiequoncies on lho chan, lhus giving
ine same oe.cenraqe resolutron over th€ whole width of
rhe chan ard kseping irs siz€ down lo reasonabls propor-

Looanthmic scales s.e also used to ploi vibration amPli_
ruJ€si rhis enables th€ decibel scal€ to bo ussd as a h€lp
in comparing levels. The dscib€l (dB) is the tatio of one
level with resosct io a reter6nce level, and lh€.sfore has
no dimensions, But in ord6r to quote absolul€ vibrslion
l€vels, the relercnce l6vel musl b6 stated.

For example, w€ can say that one vibration lev€l is
lOdB grea&r than another lsvel without any lunher er_
olanation. but if we wish to sav that a vibralion lev6l is
'85 

dB w€ hav€ to reler it to 6 rel€tsnce levet We should
s6y rherslore, that the vibratory velocitY is 85dB rsf-
l0 5 mmls.  {Ss€ chan below)

As yer. srandard dB .elerence l€v6ls ar€ nol commonlY
us€d in vibration mea3uremont- The ret€ronce l€vels r6c_
ommended by slandardisaiion for vibration work are
shown in rhe reble.

For Amplitud€ Batios:

N{dBt = 20 losro l i*)

\*.''--,-"

Docib.l Rstg.enco Lowls

Lr.20lotrotr /Dolde

Ly= 20 lotrolv/vol dB

td.20t ctotd/doldB

tr= 20 roaro(F/FJdB



Why use an Accelerometer
Frea mPl lTler! '
Oireci loading ol a piezoeleclric acceleromeler's oLrtpul,
even by relarivery high impedance loads. can greally re_
duce the acceleromerer's sensilivitv as well 6s limil irs
lreauencv response. To minimise these efleds the accel-
eromerer ourput sagnal is fed ihrough a pfeamplifier
which converts to a much lower impedance. suitabl6 for
conneclion to the relalivelv low input imp€dance of mea_
sur ing and analyzing instrumental ion (1).

With measuring amplifiers, analyzers. and voltmelers a
separate accelerometer preamplifier is usad while vibra-
tion merers intended for use with pi€zoslectric accel€r-
omerers normallv have lhe preamplifier built in.

In addrron to rhp luncl  on o( rmp€da.ce conversion.
most D.eamDlifiers offer additional lacilities for condition-
inq the signal. For erample (2) A calibrated variable 9ain
laci lny to ampl i fv the s ignal  1o a sui table l€vel  for  input
to. lor example a tape recorder; {3)A secondary gain ad-
iustment to normalize" awkward transducer sensitivi-
r  es:  r4)  Integralors ro coiverr  the acceleral ion propor '
rional ootout from accelerometers to ealher velocny or
displacemenr sagnals:  (5)  var ious f i l rers ro l imi l  the up'
per and lower lrequency response to avoid int€rlerence
from electrical noise, or signals oulside the linear por-
tion ol the accelerometer f.equency range; (6) Olher facil
ities, such as overload indicator, fel€fence oscillaror,
and battery condition indicaror are also often included.
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The Vibrat ion Meter

&,

Err.hd a.n .y Ch..g.

Tf , ,  h ock d alram sho,rs how a IYp'c. l  modern v lbralron
der, i r  s b!  l r  Lrp The accele.omeler s condected to a

. l r r r i le ampLif  er  rnpul  s l .ge w th . f  npl l  rmpedance or

sfv,{r l  GO so thal  a separate prea{npl t ie.  rs nol  neces
strry Wrh, charge amplf ier  r .p! l  long Input cables
l i . - r  1re ac.eleroneler ( !9 io sevcra l rLndrcd elersr '

car i  be used witho! l  any a ' rpreoaDre loss rn sensr l rvrrY

Af nlegrator s laqe al lows velocny and drplacemeni par

.  n. lers as we |  .s accel . ra l ion lo be nr€asured

Thr:  h igh pass and low pass fr  lers can be adl lsted so as

lo l imi t  the l requency range oJ the instrumenl to the

range ol  Lnteresl  only,  rhus reducing the possibr l i tY ot  rn

rdlerence l (nn hrqh and low l req!encv norse Al ler
prcper amp|f  calron th€ s qna 

's 
rect  l led lo a DC s qna

soi table for  d isplaying on a rneler or chan recorder The
delector can enher average the BMS level  ot  the s ignal
or regrster lhe peak to peak leve, a.d i f  requtred can re
rain the maximum value occurrrng Th s is a par l ic ! lar lY
useful  fealure for  measur ing mechanrcal  shocks and
sho( duralron hranslenl)  v ibrat ions

Alter passr.q through t  Inear lo oga.thmrc convener
l l r { r  s ignal  rs drsp ayed on a loganthmc meter scale
coverlng tw. decades

An external  bandpass i  l rer  can be connected lo lne v Dra
rron meter so thal  f requencY anaLvsrs can be per lormed
Outpur sockcls are provided so lhal  lhe rect  I ied and un-
redfred vibral ion sg.al  can be led 1o an osci l loscope
r.pe.ecorder.  or  level  recoraer
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What is Frequency Analysis?
The vibration met€r will give us a singlo vibrttion level
measured over a wid€ fr€quenc.y band. In ot(br to Tevl.al
ihe indivrctual tr€qu6ncy componenB meking up ths wid._
band signalwo perform a fr€qu€ncy enalYsis.

For this ourDGe w€ u6o d tilter which only pa3se6 thos€
pans of the vibration signalwhich are conlained in t ner_
row lreouenc", btnd. The pass band ol tho filler i3 m€v€d
3equenlially over the whol6 lr€quenca rar€e of idetosr
so thet w€ oblain a s€Darale vibration levol r66ding tor

The fifter can consist of a number of individual, conti_
guous, fixed-frequsncy fihefs which aro fr€quoncv
sc€nned s€quenrbllY W switching,

or altsrnatively, continuou3 coverags of the trequsncY
rsnge can b6 achi€v6d with a singls lunable tiltor.
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Constant Bandwidth or
Constant Percentage Bandwidth
Frequency Analysis?
There ars two basic types of lilter used fo. lhe frequencv
analvsis of vibration sisnals. The con3tant b.ndwidih
lvD€ tilter, where the filter is a conslanl abolute band-
width. for examDle 3 Hz, 1O Hz elc and lhe conslanl p€r-

cenraoe bandwidh faltor where the fiher bandwidth is t

"on"tinr 
per..ntuge of lhe tuned c€ntre froquencY, for

otamDle 3%. lO% eic. The two drawings show grrphi'

catly the ditlersnc€ in lhes€ two tilter typss 
'3 

a tundion
of fr€quency. Nore thst the consiant p€rcentage band-
width lilter 6oooar6 to msintain s coBtant bandwidlh
this is b€cause it is plonod on a logarithmic fi€quencl
ical€ which is ideal whe.6 a wid€ lrequ€ncv r€ng€ is to
bs coversd. On ths orhor hand, it w€ show the lwo lvp€3
of tilter on a linsar fr€quenc'y scalo, it i5 the comlant
bandwidlh filtar which shows constsnt resolution. Th€
con$ant psrcentage bandwidth lilt€r plotted on a lin€.f
treousncY scal€ shows an incrsding bandwidth with in-
creasing fiequenc-y which is not rosllv practac6l

There is no concise answer to the qu€$ion of which
tyDe ol frequencY analysis lo uss Constant p€rcentag€

bandwidth analysis tends to match the natural response
ol mechanical systoms to totc€d vibralion3, snd ellows a
wids fr€qusncy range to b€ gtonod on a comprcr chart
It is subs€ou€nilv tha ansly3is merhod which is mo3t
ganer6lly us€d in vibraiion measurcm€nts.

Con3tad bandwidth anelFis 9iw3 beoer l.€quency reso-
tution at high trequencios and wh€n ploxed on a linear
fr6qu6ncy scat€ b panicutarly valuabte for sorting out
harmonac Datterns elc.

t{on: k$rtlturlc tr.$-ct a.d. Roleliv.
Froquoncy
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F i l te r  BandwidthConsiderat ions
The seleclivity of the filrer, thar is rhe narrowness ot th€
passband, governs the resotut ion ot  lhe i ,eqoency anaty
sis oblained Vibrarion specrra from a gearbox are shown
in rhe drawing to the r ight  The upper spectrum was re-
corded using a 23ol, consrant percenlage bandwdrh fit-
ler ,  whi le lhe lower spectrum, of  the same signat,  was
recorded usinq a 3% bandwdth f i t rer  t t  can oe seen rnar
Dy uslng a narrower bandwrdrh f i t ier  more detai t  as ob-
tarned so rhat indaviduat peaks in lhe v ibrat ion spectrum

lhe disadvanlage wl ih nairow bandwidlh anatysis is that
the t rme reqoired 10 obtarn a partcutar accuracy gers
co^siderably longer as the f i l rer  bandwrdrh gers nar-

Because of the long rrme needed lo cover a wide fre-
quency range w|th narrow bandwidrh anatyzers a pret imi
na.y analysis ls ol len made wirh a wide t i t rer  bandwidrh
In orcer lo reveat parricularty interesrjng parc ol the fre
quency spectrum The analyzer is then swiicheq (o a nar
row bandwidrh lo make a derarted anatysis of the pan of
In lerest  At  h igher f requencies a constant bandwidrh an-
alYzer swi lched to,  lor  erample,  3 Hz bandwidth enabtes
extremely derailed anatysis io be performed

To sum up, the besl selecrion of bandwidth anq anarysis
melhod is in mosr cases thal which gives adequare reso-
luton over the whole hequency ranqe and which aflows
rhe analysis ro be carried out in the shonest ri,ne
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Def ining the Fi l ter Bandwidth
An ideal filrer would pass all frequenca components oc-
curins wirhin ils bandwidth 6nd rejed comple€ly alr oth'
ers. In practice, eleclronic lihers have sloping skirts so
rhey do not complet€ly eliminate tr€quency components
lylng outside then specified bandwidth This promotes
rh€ impo(anr quesrion, how do we specify lhe lilter

Two melhods of measuring the fih€. bandwidth are com-
monly used. Th€ mosl often used, d€fin6s the bandwidlh
as the widrh of the ideal sraighr sidsd lilter which
Dasses rhe same amount ol oowe. from a white nois€
solrce as the filter described. The second detinition is
the widrh of rhe filrer cha.acleristic where rhe filrer al-
renuarion is 3dB lower rhan the normal transmassion le
v€l Only lilters with a relatively poor s€lectivity will have
a 3dB bandwidth substantially dillerenl trom the eflsc-
live noise bandwa(fth.

Eftoctivo Noise Bandwidlh

3 dB Bandwidlh
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rvreasunng Instrumentauon
A ponable, general purpose vib.alaon meler as describ€d
on p.  27 wi l l  usual ly be the most convenienr measur ing
insrumenr lo use but vibrarion measurGmenls can atso
be made in the f ie ld wi th a suirabte B&K sound tevel
meter. The microphone is substiruled by an intsgraro.
adaptor and acceleromerer ro enable the m€rer to mea-
sur€ the RMS level ol acceleraiion, velocity and dasptace,
ment. However these meters do not have rhe conveni-
€nce ol a chargo amplitier inpur anct need to be cati-
braled separarely for  each measur ing parameter.  Battery
operaied firtsrs can be added ro enabte o€rave. thhd-oc
lavo, and narrow bandwjdth analvsis to b€ Derlormed

Mains operaled laboratory or iented instrumenrar on of
fers grealer versatilfiy, especially In lhe detailed anatysis
and dara reductron spheres.  a basc measur ing charn
would consrsl of ac€€lerometer, preamplifier, ahd a mea
surrng amplter,  

' rossibly 
wi th an exlernal  l i l ter  The

measoring ahpldier and fiher are ofren combined into
one instrument which is caled a Frequency Anaty2er or

The ultimate in opsraring convenience and anatysis
speed is obtained with a real-rime anatyz€r, where a
large numbe. of parallel frequ€ncy bands a.e evatuated
armost Instanraneously and shown on a conr inuoustv u0-
dated display screen Real-rime anatyzers are usualy
equipped wi lh a dignal  output and remote conlrol  taci t i -
ties so thar rhey can be connected ro a tape punch, com-
purer elc , to make fully automatic analvsis svsrems.
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Recording Results
Where moro th6n ! t€w vib.ation m66aur€m€nB ar€
mad6. or fr€qusncy snslyses ar€ perlormed, it i5 6 se-
vere drawback to havo to manually plot r€ault3 on a re-
cord shs€t. The us6 ol 6 level record€r willlscililats th€
automEtic rscording ot rim€ and fr€quency 3p€ctra on a
Drecalibralsd pap6r cha.t, H3r€ ag6in ws cln cho66 be-
rllr€sn small t6ns.y op€rated ircrum€nla in|endad lor
us€ with portsbl€ vibrarion analysis oquipmonl, or ntins
@erated record€r3 which hav€ th€ 6dditiontl lsciliti63 re_
quired ro tako full advanlage of laboratorY ori€nFd tnalv-

Tape recorders ar€ wid€ly used in vibration m€asure_
ments to collect d.ta in the field for l6ter analysis in the
laboratory. By replaying lhe lape ar a high6r sPeed, very
low lrequency signa16 can be brought into lhe frsquencv
range ot ordinary lr€quency analyzers. Speeding up lhe
raDe replay as also used lo r€duce hequsncy analvsis

Whe.e the signar ro.corded is rather shon in duration, tor
example mechanical shocks, or lhe vibration signal r€_
corded when a rain passes over a b.idge. normal se
auential analysis is noi possible due io the shon semple
ol signal avail6ble In this case, the pieca of recording
lape bear ing the s ignal  is  made Inlo a conl inuous loop
so lhat on replsy il sppears as a periodic signal, which
can be analyzed in tho normal way.

A digital record€r i3 al3o.vailabl€ which will cadure
shon durarion signals and r€produce them whon dasir€d
in €lho€t any soc€d lr€nsformalion ratio.



Using Vibration Measurements
S ngle.  wide l requency band vibrat ion
a uselul  quick. look v ibrarron indicator,  which can be
usFd Inr erarorp whpn evaruat ing thp generat  .ondrt ,on
or a m.r .1rne or rhe Ftfe.r 'veness ot  v,bralron rsotar lon
measures The aduat revel measu.ed wi be ,udged
more or ress severe by comparison wilh previously or
suDsequen y measured tevets or with pubtished severity
cr i ter ia An exampte of  the ta l ler  is  shown in the draw
ing. extracted from standards and recommendat ions tor
ludqnq rhF vbrar 'on sevFr ' rv ot  rotat ,ns machrnery.  { tSO
2372 & 2373. cF'man vot 2056 I964i  Anlsh BS
4675 1971 and Gerndr DtN 45665 t96t

For diagnosr lc p!rposes, for  exampte in the cou.se of  Dro,
duct dev€topmenr, trequency anatysis is necessary
5ome rrequency componenrs in the vibralion treouencv
soectrun.an be rmmedrarplv.eratFd lo parr 'cutar ,orc ing
rutr f ions to '  Frampte.  shai t  roralron speeds. gear roorh
meshrn9 rrequencres €lc.  we wiI  atmosl  atways f ind ad-
drt ional  srgni f icant f requency componenrs in the spec-
trum which are atso retated to the fundamenrat motions
The most s,ani , ,cant are usudt 'v ha,nonr.s ia murtrpte) ot
onF or the tundamenlat  t requencies Harmon,cs of ten
arse because of disrorrion of lhe fundamentat frequen,
cies or because lhe originat periodic motion is not ourelv
sindsordal  l f  th.v .orncrde wrrh rhe resonanr f reouen-
cres of  o lher machr.p elehcnts rnen possrbty conider
dble vrbrar ion levpls cdn r .sut t .  whrch can become a ma-
jor noise source or resull in the transmissron of hioh foF
ces to other machrne parls

Wnh gear wheels. looth form deflecrion under toad and
roolh wear will give nse lo a rooth meshing requency
component and harmonrcs.  Funhermore, s ide band com
ponenrs are orten generaled around the toorh meshino

rrequency and harmonics,  due to per iodic va. iat ionl
such as eccenticity. The lirsr uppe. and tower sideba.d!
wi l l  appear at  rhe toorh mesh trequency { f i )  pros and m
nus rhe gear rorat ion Jrequen.y ( tg) .  the second sid€
bands at  f t  t  2fg,  and so on. Around lhe rootn mesn nar
monrcs a s imrtar pattern may be presenr ( i  e 2ir  1t9

l l  is  o l ten rmpractrcabte to aher tor . ing l rFquencr"!
rsnan speFds. gear .at ,os elc I  so orhFr merhods of  rFd.
crng undersirable v ibrat lon tevers are !sed. For examp e
detuning the machine etemenr (aher ing i ts resonan re
quancv) by. f 'angrng r ls mdss o'  srr f iness.by atrenuann0
rhe trrnsr 'ssion ol  vrbral 'o.  wrth isotatron mdre.rats,  o,
by adding dampins mareriats to reduce rhe viorauon am
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Vibration as a Machine Condit ion
Machines seldom break down waihout warnang, rhe
signs of impendang lailura .re usu.lly preseni long b€-
lore br€akdown makes th€ machins unusable. M.chine
troubles are alhosi alwaw characrsris€d by an inc.easo
in vibration level which can b€ measured on somo oner-
nal surtace of th€ machine and thus acl as an indacato..
The bathtub curve shown is a lvpical plot of vibralion le-
vel 6gainst time rhat demonstrat€s ihis ellect. With nor
mal Drev€ntivs msintenanc6, repairs ar€ carri€d oul al
lired inrenals based on manimum lil€ exp€ctanca for
wearing parts. By delaying rspair until vibration l6vels in-
dacale the need, but before breakdown, unnec€ssary
strap-down (which olten promotes furiher fauhs) and de-
lavs in orodudion are avoadod.

This "on condition' maintsnancs of machinory has
proven to give appreciable economic advantage by inc.ea-
sing ths rnean rime beiveen shutdown while siill praven-
ring the surprise and damaging eflects of cata$tophic fai-
lure during servic6. These techniqueB 6re now widely
used espscially in ihe continuous process industri€B.

lhe vibrarion levsl which mav be allowod before und,et-
takang a rspair is best dete.mined rhrough experi€nce. At
prescnt, gener.l opinaon suggests that the aclion l6vel'
should b€ s€r al two to thr66 iimes (8 to lOdB abov€)
th€ vibretion l6v€l considered normal.

We hav€ alreadv s€en thai wilh lrequency analysas of vi-
bration signals we aro rble to locate rhe source ol many
ol ths froquency componenls present, The fr€qu6ncy
3gectrum of a machin€ in 6 normal running condilion

can rh€refore b€ used as a refsr€nco 'signolure' tor
thar machins, Subsequent an.lyses can be compared lo
this r€ference 30 that nol only th€ n€€d for 6ction is indi-
caaed bur also ths sourco ol the fauli is cliagnos€d.

Ths.diagnostic ch6n on rh€ following two pages will help
isolato the caus€ of excess vibration when tho offending
frequencies can b€ discov€rgd through trequsncy analy-
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Vibration Trouble Shooting Chart (A)

Frequency of Dominanr
Vibration lHz-rpm/6O)

A common cause ot €,rcess vibration in machiflery

Often 2 x rpm
Somel imes 3 & 4xrpm

bearing components*

v€ry high f.equsncies
(2O lo 60kHz,

Un6ven vibration lsvels,

rmFd R.k I lx.)

Fo, od, R.d D.rd (Hrr -+r.n-FBcd r)

Fo, InE Fa6 o.rd (Br ' ir,r1+F&co!tr

.  -  ^onbd 
or b. l !of .o lL. t

Sub harmonics of

1/2 ot 1/3 x em

Looseness may only develop st operating sps€o and
tempe.aturs {eg. lurbomachinss}.

Slight ly less than

(42% b 4A%l
Applicable to high-sp8ed (sg. turbo) machines.



Vibration Trouble Shooting Chart (B)

Frequency ot  Dominanl
Vibrat ion lHz=rpml6O)

Vibralions excited wh€n passing through critical shaft
speed are mainrained 6r hisher shafl speeds Can sometimes
be cured by chscking tightness of rotor cornponents

frequencies (shaft rpm
Sidebands around tooth meshing frequencies indicate
mocluration (eg. eccenrricity) 6t frequency corresponding
ro sideband spacings Normally only detectable wirh
verv na.row-band analvsis.

'1 .2,3&4xrpm

mult ip les lor  h igher

passing l requencies Increasrng l€vels indicate incrsasrnS ru.bulence

Should d'sapp€ar when tu.nrng oll ihs powe..



Vibration and the Human Body
h has long b€€n rscognized rhar rhe effecls ot dir€ct vi-
br.iion on the human body csn b€ s6rlous, Worke.s can
be atlecr€d by blurred vision, to63 of bstancs. to6s oI con,
centration etc. In some carss, c€rtain lreouencios ard le-
vels of vibration csn permanontly damsgs int€rnat body

Res€archers have been compiling dat6 ov€r rhg ta6t 30
years on the physiologicat effects of vibrating, hand-hetd
power tools. The 'whire finger" syndromo is w€[ known
among ror6sl workers hendling chain saws. A g.aduatde-
gen€rarion ol th€ vascular and n€avous ti$ue tskss
pla€ so that thG worlor lo€€s maniputaaive ,bitity and
leeling in the hand6.

Slandards are at presont und€r prepararion which witl
recommend meximum allowabte vibration sDecra 6t the
handles ol hand-h€lcl power roots.

1
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Vibrat ion and the Human Body
The frrs l  DUblshed internaronal  recommendai ion con-
cerned wrh v,b.ar,on and rhe hlman body !s tSO 2631

1974 whch sers out lmr lat ion cur les for  exposure
tmes trodi  1 mnlte ro 12 hours over lhe f requency
range r f  whch lhe human body has been io lnd to be
mosl se' is,r ,ve namely I  Bz lo 80Hz The recommenda,
l rons c,rv-pr cases where the hlman body as a whote rs
subledrxi  ro vrbrar ion n lhree supporrrng surfaces,
nanrelv t l rc feel  of  a s iandinq person, the bul locks of  a
seal . r l  Durson and lhe s lppor l ing area of  a ly ing person
Three s{rvcr ty c i r lefua are qloled 1)A bo!ndary ot  re
dlcecl  .omfor l  app cabe ro l ie lds such as passenger
transpoftaron elc 2) A boundary for  fargue decreased
eff ic ency, that  wr l l  be relevant to vehicte dr i
chrne operators.  and 3) The exposure l imlr  boundary.
wr ich nd cares danger to heal th

r l  s Interesrrng l ( r  nole that  n the ongrtudinat dire. t ion
thar is leel  to head lhe human body is mosl  senst l ive to
vrbrar 'on In rhe l requency range 4 to 8H2 Whte rn the
vansverse d recr on, the bodv rs nrosl  sensn ve ro v ibra
t  o.  n the f requencv range 1 to 2 H2

It
E
E

Frequency Hz

l€rr.crcd lro6 rso 2631
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Well, as an introduction to vibralion measurements, lhat was proba-bly quite a lot of information lo siwallour. But we hope ilJ;;L
l:","lar".r.d a tot ot quesrions tor you and wi continuo ro so;as- a handy reterence guide. ll llou hav€ orhor quostions aboutmeasuroment techniques o, instruh€ntation, _nt""i on" J"rrlo-car represgnlatves, oa write direo:llv to:

Briiol & Kj6r
2850 NErum
D6nmark

40



;, rl'.i

,,1
:I


