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TECHNICAL NOTE
Strobe Light Applications For l\,4achinery

Problem Solv ing

By Jon E.  Palm

STROBE LIGHT APPLICATIONS FOR I,4ACHINERY PROBLEI\,I SOLV]NG

:tlgl:- ls_f t.^ 1?l :l!99:::91."'l have been used to study the behavior of roratrns
macnrnery, osct tattng vtbrahon of components oT structures and for balanc ng f6r a numbero 'Vedrs .  J  unc l  ona l  v .  s t robe oh t ,  can  bc  very  o t i l c . . r r .  T r , .  ' ,  *ny  l f , "  pnce rdngL i5  s1

ilii; Jil |?i?1iilt;..;il.;l;T?J"i" t vou c'ecioc 'tn "rrii"o" iinil' bpsr suirJo ror tr^

Tod ay. rnost.strobe lights corne standard wilh rechargeable baneries rnakjng them trulyportable and easy to use in the field. The idea beh nd the strobc tignt rito fire a nich 
,

intensity l ight_at a speciflc frequency or at a precise suO_muttiple fr"equen(
mcasdred In l lashes par mi.rJtc 1FpMr. lh,s ahows tn^ tight lo o. .un.nr;tn,l jo"l,, ' ,)] 

u tu'"t

r racnrTeTV runn n0  spaad< or  a t  th6  l .eqJercy  o f  "  v  b ,d r ion  "o ror t  on  or  e  mtght  beconcerned about. The major difference in strdbe lights is in how they aie trigg"ered lo fre.
Strobe llght trigger options include.

L 8.5i. accps"orV slrobe tiqht work. only w th -, re.ndl t. iqqeri..tor.rcurt A wdyr .aqJtres a cornpa^ton i-strurert o. a once-pie. tJn
SPeed re le rence s iona l

2. Stand.alone st.obe Lght that has bu. t-.n ose. laror and flash control
KnoD ano O'glta' HpM readoul. Use. can adjust to mdchi' lprv speeds
o'interecl l 'ke drive belt speeds, for eyample. lt m"y at"o ndv{t-n-e"-
ao||| ly to De tflggered exlernally.

3- Stand-alone strobe Lght that has buih-in v brarion sensor triooefino
crrurt wttF pt ase adjustrnell knob, plus built in osciltalor a.d fl;;h 

-
controt klob and dig tal RPM readout. lr has lhe functionalitv as in 2
aoove, ptus lre user can tock olto the vibration se^sor, whi'ch is a
signal thar co'ttains phase informatjon. ln tl.e lock mode, a soeed
refere nce .sig nat -at i-as related phase in'o.marion is availab,e as an
oulput whrcf can be USed for record,ng by data loqqers, as slo,rn inFigure 1, or ot'rer insrrurne'rts. The str6b6 nay atsio"navaGe Jifiiy
to be triggered externally.
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Figure  1

Strobe Light Connected to Data Collector

T I . IE  STROBE L IGHT AS A TROUBLE SHOOTING TOOL

I["_:] T!"^ !g l i 1"" be a,very useful toot for heiping determine the causes of rough
rur r tnq  r rdcn tn t r ry .  v rb ra t tnq  brack6 ls  o r  p  pe .hangp.s  and lo r  ad jus t , rg  mach np i  tha l  ssupposed to vibraie as in the case of nonrotating aroduci conveybrs. l i-the strobe'l ight hasthe abilty to measu-re phase it can be used for baiancing, venfy ig alignment, checiing forloo\enFss and o or{o.m o pip;ng sysLem motion studies.

RUNNING SPEED CHECKS

ylll: :,:"9"^1.sl,^,:."?.ql? lyTJls speed there is much rhat can be tearned by visua yoDservtng macntnery. I lhe strobe can be tuned externa]ly by once per turn event signalyou uJ" bc assurcd of rt f lashinq at tha uorrect r"te. Otneh,v.se it misi be manuat v runeoro  runn ' to  Speeo l t  tS  a  good praL t ,ce  lo  ad jus l  the  St ,Obe to  runn.ne  sp-ed  by  < tar r  no  er  aflasn rale above running speed and slowly make the adjustment unii l rbtation 
'a 

ppea rito- 
-

slop.The.reason for.starting above running speed is th;t the stopp;d roiatron w occurwtrn rncsrrooe ru|eo at na I runntng speed as well as othef sub_muliiples There is lesscnance Io r  c r ro r  I  you  s ta r t  above runn inq  speed.

Vdny t i ' nes  thF exac t  runn ing  speeo o l  a  mach ine  is  unhnown.  By  tJn i .q  the  s t rob .  andr reezrng  moron.  lne  spoed w. f l  be  d isp layed o . r  the  d igha l  readout .  Iu i i ro  i s  eas ic r  i r  vo 'can iocus on a shdft ke'^/r 'ay or some olher distincr feaire. l l  none i" ^o f iOi"irn"ur"- 
,""

snoulo oe maoe ustng a patnl spot or tape. For repeated use a durable mafk is best.

With the strobe set to the rate where motion is frozen, slowly survey the macnrnes parts.Every moving part_that is frozen is rotating or vibrating a_t ruining ifietO irequency wniteparts that are not frozen are rotating or vibrating at a iifferent frjqLiencv. Tnis into'rmaiiJnin :lseJf is otte't very.helpful in.deie.-mining tne dause of exieii uj *1"-i tuo"u"ess ororeaKage. A woro ot cautron; tl you are working around people who have not seen a strobe
LSI! l-":"-jl:y might be illctined,to reach for i part tnai is irozen inJaip""rs to not o"movrng. >evere tnlury coutd resutt.

Belts on belt driven machinery can be examined for irregular operation using a strobe liqht.

TECHNICAL NOTE
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TECHNICAL NOTE

For example, in the case of multiple belts, a loose belt will exhibit more motion than belts
that have the proper amount of tension. This condition will cause vibration. The strobe lioht
is tuned to the belt speed.

A stfobe light can be used to check over speed trips on machinery. This is accomplished
by ilrst tuning running speed and then following speed as it is slowly incfeased uniil trip
speed is reached. At this point reiease the tuning knob a|d read the speed on the digiial
0  rspray.

WHAT CAN BE LEARNED BY THE ADDED ADVANTAGE OF PHASE

The abil ity to rneasure phase from the vibration signal offers the user many advantages
when trying to diagnose machinery problems. Vibration phase is the vectorial direction of
the predominant force responsible for machine vibraiion. Think of i i  this wav; if a rotor
could come out of its bearings, which way would it go? Or if a machine could jump oFf of its
mounting, which end would go flrst? Vibration phase provjdes this type of informition. One
phase reading has one bit of information that by itself Coes not offei much insictht about a
v .b rd l ion  cond l ion .  But  a  g roup o f  phase rpadtngs  bcq  ns  to  "pa in l  a  p .c lu re"  lo - r  t t sp  uspr
For example, if you thought you had an unbalance cond tion, phase analysis could reveal
the problem was actually misalignment.

SOl,4E BASICS ABOUT PHASE fv1EASUREI\,4ENTS

Phase is a relative nteasurement. Placement of the sensor deterrnines the ohase reaclino.
lvhen measuring radial vibration in a vertical and horizontal direction on a bearing, the 

-

phase readings wil l show a 90 degree difference (a 90 degree phase shrft). Knowinq this is
used to the analysts advantage. lt is important to put the sensor back in the same ldcation
when trying to repeat measurements for trending or when balancing.

Since phase. is b€ing read by obserying a part of the machine that is rotating with the
strobe light, it is important to establish some general practices. One is to take along a
tripod to hold.the slrobe if you are gong-to be taking a lot of phase measurenrenls. lt
makes the job easier and it also allows for consistency.

Of course, the mark being observed must be unique. The most common part of the
machine to observe is the end of a shaft. lt is important to have onlv one marK on lne
sudace. if the end of the shaft has two keyvays, mark one so jt cari be distinguished from
the other.

It is good practice to have a standaJd convention for measufing phase. While you are
going to want to relate phase shift f indings in terms of degrees, it is a lot easie'r to rnake
your-notes. in the.fle-ld in terms of the-clock face, esp€cially when you afe beginning. That
is. 12:00 o clock is 0 degrees a1d 6:-0,0 o'clock is 180 degrees. see Figu.e 2.-lr is v"ery easy
to recognize a ma.k appeafing at 4:30 as opposed lo tf ing to relate to irs locatior direcfly'
rn degrees.
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TECHNICAL NOTE

Figure 2

Phase Angle and the Clock Face vs. Rotation

When you are sett ng up for your reference reading and you are locked onto the vibration
srgnar., rotate the. phase adJUst knob on the strobe lighi to bring the mark up to the 12:00
o clocl positron. Mdlc a I other phase readings relative to thislnit ia condition but do not
rotate the phase adjust knob lor relative readings. N4ake good pictorial notes recording
p,hase readings uslng the clock face reference as you proceed lt is a good idea to pui a"R" for radlal and an "A" for axial readings below the clbck face for refjrence after you
ret!rn to the shop You can not make too many notes when you are in thc field!

Remembcr, the only good phase js that which occurs at running speed. We have not
lparned lo .cons is tenr lv  in re ,p re l  phas .  a t  mu l t tp l . ,  o r  runn ing  sp-q f ,  Be  su .o  th -  \ t roo^
fg,!l. ls rgr.\oo o!!o lne once,oer.turn v,bralion s;gnat Do not usa Ihc havphasor si1n"r lro
retatrve pnJse measurements can be made with the slrobe light connecied to the ieyphasor  s igna l .

l l  you have a data.logger that records phase and the strobe light you are using has aphase reference signal output, you can use the data logger to"reiord both vib;ation level
ano pnase.

RADIAL PHASE ANALYSIS

N4aking phase me_asurements in the radial directjon on a bearing or bearing support
:tJ' l]:t l f :: l  9"nlrm a suspected unbatance condition. When u'nbatance ii the !robtempnase wt loitow tre sensor. As the sensof localion is moved arourd the bea,irq rhe p-ase
angle remains the same. This is becaJSe rhe hea!ry spot is rotating with the sna"rt Jro'ooei
not change dJe to .otation. Since the strobe light is f i ing based on-the selsor see nq t-e
l1 !9:p9t99 9v,ToyinS t . re sensor is  rot .golrg to change whar i t  sees in termi of ihaie
I nay cnange In v braiton tevel but not ir phase.

Phase in tfs case is the delay i1 time o. distance (measured in degrees) fro"n wl^en the
nea\ry soor passes Delealn tne senso. until the senso. can respond to t1e forces
produced. The delay comes from ihe "mechanical path'that the energy must travel
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TECHNICAL NOTE

through to get to-t\e base o, the sensor. (Technically referred to as the tra.sfer funct oncnaraclertslcs ol tne mechantcal system.) AS long aS t.e mechanical path does notcn,ange as lne sensor ts moved, the phase response in the previous paragraph will hold

l:l|?]rj::gl1:-"-^.-a"l-qe changes stowty_and contiiuoJsty it is due ro a separareryrorarng uroatance compo-nent ot ihe shail. This can be caused by a loose collar or irlstrng. AS lne snan rotates lhe toose component rorates at a sliqhtJt lower Rpl\,4 distributrno
lf^i99::-"9r!9l9rt unbata.rce around the shaft, adding and"su'btract.ng vuiit aiv ir,rri"
:l?gl^^^"i^o:.!':g-ggch r.olarlg1 cyc e. This resufts in a consrantty changrig heavy'spot a-dcauses,a conl  nuous y  cha-ngt rg phase angle.  Th is  cond t ion wi l l  a  so fo l jow lhe s"^sor  as|ls tocal,on rs charged rad ally on ihe beaf,ng.

flt- l!:j: l.91],9g"lon is cl-arged, if rne phase a'1gte atso chdnges so the spor ren-c,rrs -
r .e  same toLa on (does not .o  ow the sensor)  thp beaf ing cap js  be ing Jo.ced r1 o ' l ly  oredirection. Severe misalignrr-nr or a locked coupli.q coulj cause this. 

'

PHASE AND UNBALANCE

Iht-:",!9 _"dl:!G,"re r^quired,lor balrncing Tnese are spced runnirg speeo vibrario,r
!"_"i -"lo-,!n?_.l l lc strobe 'rqht.cJr b. LSAd for ba a-. no \inr p rt o.o-virj,.r sp^so 110pnase oara. tr can oc connected to a data collector which reads vibration but nceds aphase.refcrence signal. Some data collectors have built in balance [rogiams ior s ng e anrldual  p lane balanc ina.

Balancing is a subject of its own so it will not be covered extensively in this writing. What iscovered is some hints on how the strobe ljght mjght be used to helj und.,",ono so.ccharacter is t ics  o fan unbalance problem. 
-

Al ta , .  se f l inq  up  lne  s t robe lgh t  and td ( ing  a  v -n icd l  o r  hor , /on ta l  ro6 j i6q  ,depp ' ld ing  o^thn b.Jring suppod stiffn{.ss,. movp thp aenso. to the beari.q on tre orhp. end lt _ ver,"tmpoqanr  ro  haep tn . ,  po \ r l ton  or i ^n ta lon  o f  lhe  Sdnsor  the  S jme o1 oo th  bear ing \ .  Do normove the.strobe light, only the sensor. Check the phase by observing ihe positio-n of themark. I\y'ake notes accofdine to the followinq:

UNBALANCE BEARlNG

Same Phase
180' Difference
90 'D i f fe fence
Less  than 90 '
More than 90"

Tf e solution,s for correciing these types of unbalance prob.ems are expla;1ed in manvyi:'i%";ln'!?e,?i:l Hif Jii"':;1f.i?i:j: g'j?:tri:t?rvpe or -inba,ance vou 6re

PHASE RELATIONSHIP

Static Unbalance
Coup le  Unba lance
Combined Static and Couple
Combined, more Static
Combined, more couple
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AXIAL PHASE ANALYSIS

Axial.phase measurements can reveal useful informatjon about machinery faults. A series
gfjj ial T^eqs^L.em.gnts at a,.bear,ng ta(en at the top. rght. bottom ard tefi (12:00. 3:Od,
otuu ano v:uu posttans) wttl tndtcate characteristics about the shaft. lf the phase ana,e
stays tne same so the mark lollows the sensor as it is n-oved, the bea.ino is wobbl n-o(nonplanar mo,tion). A bent shaft or bow in the shaft due to unbalance rs iorcing ihe "
bearing away from the rnachine as the roroT rurns.

Axial phase measuTements can be used to determine which machine in a train is
misaligned. Phase is measured at each bearing. Set the strobe light to fead a convenient
mdrk,on.ar expos_ed shatt or coupl nq. A corplirg is roi a good piace tLe qq 1;nr.1.6
y':!-,!ty oyl I rs onen rnp orty p]ace. with lhe sensor at one end of lhe kain, adJUSt rhepnase hnob to see the mark a1 12:00 o'clock. l"4ove the sensor to the next bearihg at theopposite end of the first machine and read the phase by the position of the mark.-since thesensoror ien ta t ion is reversedan" inphase"cohd i t ionputs themat<er rO:Obot toc i i t "e "O ' "
degree phase shift) so care must be taken when anaryzing the resurts. you w* see anotherlB0 d^5'aa ph.rso reversar at th- ne\l bearino acros- the-coupl,ng.

S.ince a 180- degfee phase shift is imposed by the nature of the sensor locations, an out ofphase condition is found when the 180 degree shift is not seen. The bcJring on ihe
machine that shows the a\ ial phdse to be out of phase indicates which ma;hine is out of
a l l q n r 0 e n l .  5 e e  F t o l r r e  . i

t I

o o a o a o

TECHNICAL NOTE

Figure 3

Checking Al ignment  Using phase

PHASE AND MECHANICAL LOOSENESS

N4echanical looseness is anoiher problem which can be detected using the phase

I

t
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TECHNICAL NOTE

conr pa rison.tech nique. When mechanical connections (bearing cap to pedestal or machine
foot ro base) are t;9ht they will v:brate together or in phase.

By making phase measurements (vertical sensor orientation) at each mechanical
connection from. the ground,,to the.bearing cap, looseness will be seen by an out of phase
cono ron, see Ftgure 4. f a the phase measurements Show no change in the phase angle
then no loosenesS waS ercountered

Figure 4

Checking for Looseness Using phase

Cracks can be found using a measurement technique similar to looseness. A vibration
sensor is moved along the surface in question while observing phase An abrupt change inphase angle wil l occur as the sensor is moved past the separit ion.

CId ,  Lnd shd ' r \  i ' r  maLh i re ry  cdn be  round u< i^g  pha-e  dna 'ys is  io  hp lp  oe lc ( i  d  lower ino
o l  c | | l r .a l  Spcpds,dur t rq  cods t  down The s t ro_be l :gh t  does  no t  lend  [se ] ,  to  ana lys ,s  td_r  S
yf.:f tp.:"_d.': :!? ng Inq too tast. A.tracking fi l ter analyzer that can make a Bod'e ptot is
De pr  su leo  Io  I  To tnq  c r . l chpd shdns

PHASE AND I\,4OTION STUDIES

Changes in  p rocesscs ,  runn ing  speeds or  mach ines  themse lves  can o f ten  cause v tb ra t ron
wnere there was no vrbratron betore. These changes can cause shifts in resonances of the
rnechanical system thai wil l cause a piping system to vibrate and break brackets of cause
a bearing vibration to be higher than whal was seen befofe the change was imptementecl.

A stfobe light can be seiup to observe a mark on the shaft of a machine to whjch aquestionable piping system in connected. The vibration sensor is mounted on the pioinq
systern near the machine end flange_ The sensor is moved to locations at measured' 

-
Inlenats ato.lg lre ptptng systen while recording the phase as noted by the ocarion of t1e
rna.K. HtoI rTe pna_se or a gfaph and also note the location of hangers of o.ackels on the
same graph,  see F igure  5 .
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TECHN]CAL NOTE

Figure 5

Piping System l,4otion Analysis Using phase

The ph-ase readings show the direction of mot on (defleclion shape or l\y'ode). Study theqraph for.areas along. with thF piping systArns whare changes ,n 
'directior 

werp te(ordpcl
rtcK po nrs oerweFn tne noted readtngs where a change occurred. These points have it e
or no motion because they are the pivbtal points (calle"d node points) fof motron.

Now compare the node poinls with the noled localions of hangers or brackets. lf a hanoer
or brackel is located at a node point, it ls doing l it l le to restra in" moveme n t of tfre pipinq--
system. lf you have benn,brealing hangers oibrackets, chances are they afe ocareo
Detween noclc po nts (ca ed anii nodes)wherc rnaximum deflection can 

-be 
found. ln

,q"1I11 ,: j:]Ylll"^1T?,11:^T9"l"s hansers or brackets away from nooe potniJ anct ioctins
tnem lo Ine anlr node potnt area.

The- motion, caused by vibration, of a machine platforrn or skid can be measureo andplotted in a manner similar to that oufl ined for the piping system. lt is not unusual to fnd aresonancn ol d platform being ercited by a machine's running speed. This ts especra v trueanor moo -t(,ar ors to tna rrachtnery iave bpon 1 ade. A molton sludy, us .lq pl-bse 
-

1n f  y r t : - .  w t  reve  r t  noda\  and  ̂ n l i -nodes  wht .h  car  be  useu to  modr fy  t l re  s l ' t_c rur -

There are software programs available that help the user understand the results from
f:1i: i : l | :q ":1tu! 

q,rogr?m: o sotdy lf, is dara in wl,ar rs ca ed an',Ope.aU,rg De.c, ;61>na,te.... '  ts a1 antTated dl\play showing de,leulon. ATplitude is evaqqerare'o oul noocs
?19 ":] 199". ",. 

ct-arty r _strated. Orten thp usef is able to detarmine poss ble
corredrons oy.rnov ng braces or by adding new ones. The phase data forthese studies.an De 0eflVed Iron- Llstn9 thp strobe light.

S U ]\,,1N4ARY

J..1"--b:^",':- "!rg9-"_llS 
ht is a handy,toot for any plant. tt allows the user to ftnd and reptace

worn oe|ls, spnngS, va]ves and darrpers. AdjJstnents Io machi.terv can be made io
tmprove penorcnance. tven nonrotating machinery can be observed and adjusted tomaximize product handljng.

A-strobe light with the added functionarity for phase analysis offers the user another level
gl i"-9l,l i-",],qi99i9sis and,probtem,sotving. These task3 include balancing, argnmenr
veflltcarron, ooseness checks and platform or pipinq system motion studies.

O O O O G G O

r. s.ca9r *r9 6aojlo deg
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TECHNICAL NOTE

Phase analysis offers the user the ability to flnd out how a machine is vibratinq or movinq.
Once the pattern of machine deflection or movement is known, a combination of vibratio-n
frequency analysis, phase analysis and knowledge of the mechanics of the systern allows
for an accurate diagnosis of a problem.
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Typical  Strobe Light Connect ion Diagrams

Vibration Strobe used to perform speed referenced motion studies

Sei to LOCK mode
after lNTernal tuning

V 'b ra t i o ' l  S l ' obc  L5Fd  lo  p - r l J r -n  ph .  .  s  -d . :

.-."1
J
Ll,

wrth fv1.g Base

Vibrailon Strobe used to obtain synchronous

Acce erorneler
with N4ag Base

phase data for analysis and balancirg

Optical
Tach

EXTernal

Portas e Date
Co eator

Set lo LOCK mode
after lNTernal luning
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