Your Dlagnosuc Toolbox?

by James| Taylor, Vibraton  Consularts, Inc.

Weal knowthat dynamic signal analyzers provide somegreat
frequency-domain  tods for diagnosng roleing machinery
problems. However, in arsh to FFTourselves into the
frequency domain, its 100 easy o overlook apowerful  time-
domain tool. Phase can beareal lfesaver  whenyoure trying
O pd apat the hamoncaly nch Jbraion — speda  thet
roteing  machinery generate.  Bycombinng insights  from both
domains, youl increase your chances of reaching the right
degnosic condusors.
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cyde, phase relaionships between unnecessary  costs of reworking  or combined waveform
signals, andthe presence of such replacng  machine parts that maynot shown in the lower
deinche daracetsics as tun hae been deecive  in te fist  pace. trace.
cated waveforms, pulses, and )
modulation Are you getting the Most roating ~ machinery  problems,
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relationships are ignored when
viewed in the frequency domain.

pure imbalance problem in arotating
device generales asinge frequency

Rotor looseness  (which grows worse

Thats mel. carelu examlnanmmmgfr component at the rotor speed with as bearings  become wom) is agood
phesse andﬁg?r | < in the litie or no hamonic  contert. exampe. Aloose roor  that  isnt

ime domain can prevent a misdiagno-
ss of aroating  machinery  problem.

Similarly, gearmesh components are
typicaly snusodd  and appear a a

resrained by bels or aher devices
wil generate  hamrmonics  of the rotor
of

frequency equal to the number of
gear teeth  mulipied by the speed of
te oear.

speed. The number and amplitude
these harmonics increases  as the
beaing deasrance  increases.

And such a misdiagnosis  can be very
expensie  whenyou factor  in lost

production, labor charges, and the
Other problems generate hamoni-
caly rich waveforms with modula-
ton. These requre carefl  sudy in
both frequency and time domains.
Typcal problems in this  category
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This combined wave-
form (lower trace), the
result of combining a
single frequency with a
harmonic that is 180°
out of phase, will
produce the same
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Compicating  the matter s the bother
somefad thet  idenical

can be generated by more than one
equipment problem. For example,
imbalance, abent shaf, and looseness
can generate  afundamental.  Loose
machine bolts and abent shaft can
also generate asecond hamonic  of
the rotor speed. Aloose rotor  can
generate  afundamental and several
harmonics.  Asecond harmonic  of the
gearmesh frequency maybe caused by
too litle or too muchbackash —er
geas tet osdae Muipe  hamon:
ics of geamesh frequency and
modulation  maybe caused by loose
o ecoeric gears. In oher  words,
you cant  aways assume the fre-
quency spectum s teling  you
everything  you need to know.

Gearmesh problems  can be particu-
laly elusve because ageamesh
anomaly maybe different for each pair
of meshing teeth. Since the sametwo
teeth wil not meshagain uni one
ode o te huning tooth frequency
is completed, each memoryperiod of
geammesh frequency could  be differ-
ent This requres enough time daa
esue ta the reaively long huning
tooth pefiod s preseted for required
degoss Youl  aso need vaisbe
ines of resoion, fue zoom, and
synchronous  time-domain ~ averaging
for dagnosng gear probems.

Exploring  phase relationships

(Pease noe that throughout  this
amdg 'Meiechmsng

not phase re@ive b aninput  tigger
or phase between o input channeks.
These phase Issues are important,  of
aouse but teffe nat eavat  hee)

Asmenioned  ealfe, smiar (o
perthaps  even identical) frequency
spectra  can be generated from two
sgnals that the tme domain shows
D bequie diferent Thetop tace
fgure  1shows the time recod of a
fundamental and its second harmonic.
Thesgnas are inphase  and of equal
ampiitude.  The bottom trace  shows
the sametwo signals  mixed together.
Mixing inphase components produces
acomposite  waveform with  truncation
a the botom. Thetop haf of the
sgnd  refeds te sumdf the wo
Y5

Nowconsider  figure 2. Thetop trace
shows the samefundamental and its
second hamonic, but this tme, the
hamonic is 180° out-ofphase. The
bottom trace shows the two signals
mixed. The composite waveform has
tuncaion &t the top. The botiom half
o te sgd releds e sumd the
o sgek.

Comparing the two figures,  you can
see howhard it would beto identfy

the tue nature of amachine'’s
behavior whenthe frequency domain
hdes such vid  informeation.

Maximumtruncation occurs at either

0°or 180° aswesee in figures land 2.

Truncation  does not occur whenthe
fundamental and harmonic are 90°
or 270° outofphase. ff the phase

relationship i5s between 90°and 270°,

sometop truncation occus, hut it is
not as geat aswhenthe sgnas are
180° out-ofphase. Conversely, some
botom tuncaion  occurs f the phase
relationship i5 between 270°and 90°,
but the tuncaion s not asgeat as
whenthe sgnals are completely  in
prese.

Gear modulation

Given apefect set of meshing gears,
wed expect D see only alowdevel
componematmgearm%hfrequen(,y
Each cyde would be sinusoidal,
consistent  ampliude.  Whenan
imperfection shows up, however, two
thngs begn t happen. A, wesee
alager ampliude of the gearmesh
frequency.  Second, wenotice  modula-
ton tat ooccus at are equa
the speed of the offendng gear or
at muipes  of the gear speed (or
exampe, a once, twice, o tree
imes the gear speed). In ths case,
the gearmesh frequency s the carier
and the gear speed is the modulator.

f te modubir s SusodH, wel
end upwith simple  double-sideband
(DSB) ampiitude  modulation.  Cor+
ster s exampe. A274ooh  gear s
in meshwith a6ltooth gear. The
speed of the 27400h  gear 5 206 Hz
The gearmesh frequency would be
27X296 Hz, or 792 Hz Fgue 3
shows what DSBmodulation  looks
ke in bath the time and frequency
domains. The frequency domain
reveals acamer at 7992 Hzand two
sdebands 296 Hzfrom the carier.
The tme domain reveals that both

sdebandsarem—phase with  the
@

components in avibration — signal,
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duces this double 0.55 ;o
sideband amplitude 0.33 §
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trace shows the fre-
quency spectrum; the =W
lower trace shows the —0.33
time domain. —0.55 LT
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Although the above example is
hypothetical (edl  gear sgnatres

ae raey sodealy defred) it does
demonstrate  someimportant  points.

f youve suded rado eedoncs,

you might remember that the ampli-
tude of asideband is determined by
the percent modulaion (usng the
appropriate math, wecan calculate
the modulaion percentage in either
frequency or tme domains).  Since
there are two sidebands and they
ae nphese  wih te camer,  ter
ampliudes  add. This produces a
modulation  percentage  twice that of
what wewould see with just asingle
sdeband.

Overmodulation  (which occurs when
the ampitude of the modulator is
greater than the camer)  causes phase
reversa, dstois  the modulator,  and
poses awhole newset of diagnostic
chalenges.  In the frequency domain,
it produces sidebands that may
appear higher than the carer, and
these addiional  sidebands maybe
unelated o the rolating machinety
problem youre ftying to sove. To
find out whether these sidebands are
in fact caused by overmodulation,

you need to view the signal in the
time domain.

IPS

By pondering gear modulation  for
a moment, you can see why using
demodulation  measurements can
hamper a diagnosis.  Whenyou
demodulate,  you lose the carier
sgnal  and can nolonger  distinguish
between agearspeed frequency
component and a gearmesh fre-
quency modulated by gear speed —
and the two are caused by distinctly
different mechanical  processes.
Consequently,  myrecommendation
is to avod both demodulators and
envelope detedors for  vibration
anaysis  measurements.

Using phase to distinguish
eccentricity and looseness
Singlesideband (SSB) modulation  is
smiar to the modulation  produced
by certain  gear problems. SSB
modulation  produces either  an upper
single sideband (USSB) or alower
sihge sdeband (LSSB). I the phase
is negaive at the summing point, the
LSSBis produced. If the phase is
postve  at the summing point, the
USSBs produced.

Pure SSBmodulation  in rotating

possbe,
D phese dhils,

i edemey due

dsorion,

unikely

overmodulation, and noise generated
by the typical roatng machine. What
wetend o see instead is alesspure
type of SSBmodulation known as
vestigial sdeband  (VSB) moduiation.
With VSBmodulation,  there are

upper and lower sidebands, but one

5 sgnicanly hgher then the aher

t 5 ts dieend tet hes s
denify  eccentricly and looseness
problems.  Aneccentric  gear is
nomaly inphase with the gearmesh
frequency (remember that the gear-
meshfrequency is the camer and the
gear speed is the modulator).  This
produces VSBmodulation with a
greater upper sideband ampiliude
due to the predominance of inphase
components.

In conrast,  loose gears are nomaly
out of phase with geammesh fre-

quency (though they maybe unstable
and thus sometimes appear inphase).
Aloose gear, therefore, ends
produce VSBmodulation with amore
pronounced lower sideband.

Phase diagnostics  in action
Consider the case of apaper ma-
chine. The background noise was
quite  high. The gear problem on the
paper dryer wasdiscovered duing a
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Figure 4

This frequency spec-
trum from a gear in the
paper dryer shows a
gearmesh frequency of
168.7 Hz. The upper
sidebands are signifi-
cantly higher than the
lower sidebands,
indicating an in-phase
condition attributable
to gear eccentricities.
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Figure 5

The time signal from
the dryer gear shows
the truncation on the
negative half of the
signal that we would
expect to see in an in-
phase condition.

The gear has 84teeth and ums at Figure 5shows the time record. Note
roughy 2Hz, for ageammesh fre- the tuncaion  onthe negaive haf of
quency of about 168 Hz. Figure 4 te sgal  Ths weiies  aninphese
shows the vibration  spectum.  First condiition. Asthe teeth at and near
of al note the prominent 10 Hz the spokes gointo mesh, the ampl-
component.  This is fve tmes the tude increases.  The ampliude
2Hzgear speed and indicates  an decreases as these teeth goout of
evert occuning  at fve times gear mesh.
Speed.

The suspected problem was eccen-
The largest  component is the fricty n abge gear wih e
geamesh frequency at 1687 Hz spokes. Gears of this type ofen have
There are two upper sidebands at high paces in ne wih the spokes.
178.7 and 188.7 Hzand two lower Typicaly, the gear 5 wihin  tolerance
sidebands at 1587 and 1487 Hz. The when manufactured  but expands
spadng of the sidebands  indicates unequaly whenit is pressed or
high spots (5 x2Hz) onthe gear. Shinkdtied bte dat (h B

somemachine designers  avoid
Since the ampitude of the lower spoked gears for tis very reason)

sdebands 5 Significantly sreler  then

the upper sidebands, wecan suspect Asde fom idustraiing ageneric

an inphase  condition. Weknow that concem with spoked gears, this case
gear ecoenticiies tend to produce hghighs  te insghis  thet phase and
inphase components, whereas the time domain in general can
looseness  tends o generate  outof provide.  The tougher your problems
phase components. Tobe certain, we get the more sense it makesto use
need to examine the vioraion  signal ey possbe tod in your dagnosic
in the time domain. toobox. =
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