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PROBLEM TYPIGAL PHASE
SOURCE SPECTRUM  RELATIONSHIP REMARKS

MASS UNBALANCE 1X RADIAL Force Unbalance will be in-phase and steady. Amplitude oue ta unbalance will

increase by the square of speed below first rotor critical (a 3X speed increase
A. FORCE
UNBALANCE

weight in one plane at Rotor center of gravity (CG). Approx. O° phase
difference should ex|st between OB & IB horizomtals, as wesil as betwsen OB &
1B vericals. Also, approx. 80° phase ditterence between horizontal & vertical
readings usually cecurs on each bearing of unbalanced rotor (+30%).

Couple Unbalance results in 180° out-of-phase motion on same shaft. 1XRPM
always present and normally dominates spectrum. Amplitude varies with
square of increasing speed below first rotor critical speed. May causse high
axial vibration as well as radial. Correction requires placemest of bajance
weighis it at least 2 planes. Nota that approx. 180° phase difference should
axist between OB & IB horizontals, as wefl as between OB & 1B verticals, Also,
approx. a 90" difference between the horizontal & vertical phase readings on
agch bearing usually acours (£ 30°%)

= 9X higher vibration). 1X RPM always present and normally dominates
spectrur. Can be corrected by placement of only one balance correction
B. COUPLE
UNBALANCE

Dynamic Unbalance is the dominant type of unbalance found and is a
combination of both force and coupls unbalanca. 1X RPM dominates the
spectrum, and truly requires 2 plane correction, Mere, the radial phase
difference between outboard andinboard bearings can range anywhere from
07 to 180°. However, the horizontal phase difference should closely match the
vertical phase difference, when comparing outboard and inboard bearing
maasurernents {=30%). Sacondarily, if unbalance predominates, reughly &
90° phase difference usually results between the horizontal and vertical
readings oneach bearing (+40°).

C. DYNAMIC
UNBALANCE

D. OVERHUNG ROTOR
UNBALANCE

QOverhung Rotor Unbalance causes high 1X RPM in both Axial and Radlial
diractions. Axial readings tend to ba in-phasa whersas radial phase readings
might be unsteady. However, the horizontal phase differences will usually
match the venical phase differences on the unbalanced rotor (+30°7).
QOverhung rotors have both forca and coupla unbalance, each of which will
likaly require correction. Thus, carrsction weights will most always have to be
placed in 2 planes to counteract both force and coupie unbalanca.

ECCENTRIC ROTOR

Eccantricity occurs when centar of rotation is offset fraom geometric centerline
of a pulley, gsar, bearing, motor armature, atc. Largest vibration occwrs at 1X
RPM of eccentric companent in a direction thru centerlines of the two rotors.
Comparatlve harizontal and vertical phase readings usually differ either by 0°
or by 180° (each of which indicate straight-line motion). Attampts to balance
eccentric rotors oftan result in reducing vibration in one radial direction, but
increasing it in the other radial direction {(cepending on amount of
eccentricity).

1X FAN
1X MOTOR

g

x

BENT SHAFT

Bent shaft problems cause high axial vibration with axial phase differences
tending towards 180° on the same machina component. Dominant vibration
normally accurs at 1X if bent near shaft center, but at 2X if bent near the
coupling. (Be careful 1o account for transducer orientation for each axial
measiiternent |f you reverss probe direction.) Use dial indicaters to confirm
pentshaft.

5
=

Anguiar Misalignment |s characterized by high axial vibration, 180° out-of-
phase across the coupling. Tygically will have high axial vibration with bath
1X and 2X RPM. However, not unusual for sither 1X, 2X or 3X to dominata.
These symptoms may alse indicate coupling problems as weil. Severe
angular misafignmant may excite many 1X APM harmonics. Unliike
Mechanical Looseness Typa 3, these multiple harmonics do not typically have
araised noisefloor onthe specira.

MISALIGNMENT

A. ANGULAR
MISALIGNMENT

¢ g
3
>

B. PARALLEL Cffset Misalignment has similar vibration symptoms to Anguiar, but shows
high radiai vibration which approaches 180° out-of-phase across coupling.
MISALIGNMENT EXQ often larger than 1X. buf IE:;S height relative to 1PX is often dictated by
coupling type and construction. When either Angular or Radial Misaiignment
becomes severe, they can generate either high amplitude peaks at much
higher harmonics (4X-8X), or even a whole series of high fraquency harmonics
similar in appearance to maechanical leczoness. Coupling type and material
will often greatly influence the sntire spectrum when misalignment is severe.
Does not typically have raised neise foor.

2%
1X1 RADIAL

C. MISALIGNED
BEARING COCKED
ON SHAFT

Cocked Bearing will generate considerable axial vibration. Wil cause
Twisting Motlon with approximately 180° phase shift top to bottom and/or side
to slde as measurad in axial direction on same bearing housing. Attempis 1o
align coupling or balanca the rotor wiil not alleviate problem. Bearing usually
must be removed and correctly installed.

Rescnance occurs when a Forcing Frequency coincides with & System
Naturai Frequency, and can cause dramatic amplitude amplification, which
might resuit in premature, or even catastrophic failure. This may be a natural
frequency of ths rotor, but can often originate from suppon frame, foundation.
gearbox or even driva belts, 1f a rotor is at or nearresonancs, it can be almost
impossible to kalance due to the great phase shilt it experiences {90° at
resonance; nearly 180° when passes thru), Often requires changing natural
frequency to a higher or lower {requency. Natural Frequencies do not
- . generally change wlth a change in speed which helps facilitate their
- identification {uniess on a large plain bearing machine or on a retor which has

2nd Critical Q significant overhang).

RESONANCE
Amplitude
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NOTE RAISED MOISE FLOOR
INDICATING LDOSENESS

(/] MACHINE FaoT]/)

PROBLEM TYPICAL PHASE

SOURCE SPECTRUM RELATIONSHIP REMARKS
MECHAN’CAL RADIAL ) Ms‘;hmisi::llé:lcj:::nessisin;iﬁ?dbyaitnegzmeg. ﬁ:g:dbr:gonsniac:a.
Loo SENESS X _-.y///AJ!h t?sgapfate or founcc’ia:gn;szll.;jat bE\:x diz?:rioratsgﬂgr:uﬁng, cI’;u::sa g‘olm.u;:i

baolts at the base; and distortion of the frarme or base {i.8., soft foct). Phase
analysis may reveal approx. 90° to 180" phase difference between vertical
msasurermants on bolt, rmachine foat, besepiata or basaitseif.

Type B is generally caussed by loose pillowblock bolts, cracks in frame
structure of inbearing pedestal.

Tvpe C is normally generated by improper fit between component paris
which will cause many harmonics due to nonlinear rasponse of Icose partsto
dynamic forces from rotor,  Causes a truncation of time wavetorm and a
raisad naise floor in the spectrum.  Type G is oftan caused by & hearing liner
loosein its cap, a bearing loose and turning onits shaft, excessive clearanca
in elther a sieeve or rolling element bearing, & joose impeller on a shaft, etc.
Type C Phase is often unstable and may vary widely from one measurement
10 next, penicularly if rotor shifts positlon on shaf from one startup o next.
Mechanical Looseness is often highly directional and may cause very
different readings when comparing levels at 30° increments in radial dlrection
all the way around one bearing housing. Also, note that looseness will often
cause subharmonic muttiples at exactly 1/2 or 1/3X RPM {.5X, 1.5X, 28X,
B.).

Rotor Rub produces simiter specira to Mechanical Looseness when rotating
parts contact stationary components, Rub may be either partial or
throughout the entire shaft revolution.  Usually generates a sefies of
frequencies, often exciting one o more resonances. Often excites integer
fraction subharmonics of running spesd (1/2, 1/3, 1/4, 1/5,...1/n}, dependi
on location of rotor natural fraquencies.  Rotor rub can excite many higl
frequencies (similar to wide-band noise when chalk is drug along a
klackboard). It can be very serious and of shart duration if caused by shaft
contacting bearing babbitt. A full annular rub throughout an entire shaft
revolution can induce "reverse precesston” with the rotor whirling at critical
speed in a direction orposlte shaft rotation {inherentty unstable which can
lead to catastrophic faitura).

{ atter stages of journal bearing wear are normaily evidencad by prasence of
whole series af running speed harmenics {up to 10 or 20). Wiped journal
bearings often will allow high vertical amplitudes compared to harizontai,
but, may show only one pronaunced peak at 1X RPM. Joumal bearings with
exeassive claarance may allow a minor unbalance and/or misalignment to
cause high vibration which wauld be much jower if bearing clearances were
settospec.

Oil whirl instability cccurs at .40 - .46X APM and iz often guite severs.
Considared sxcessive when amplitude exceeds 40% of bearing clearances.
Qil Whirl is an ail film excited vibration whera deviations in normal operating
condltions {attitude angle and eccentricity ralio) cause oil wedge to "push”
shaft around within bearing, [estabilizing force in direction of rotation
rasuits in a whirt {or forwards precession).  Oil Whirt is unstable since it
increases centrifugal forces which increase whir forces. Can causa gilteno
longer support shaft and can becorme unstable when whil frequency
coincides with a rotor natural frequency. Changes in cil viscosity, lube
pressure and axternal pretfoads can affect oil whirl.

Oil Whip may oceur if machine operatad at or abava 2X rotor critical
frequency. When rotor brought up 1o twice critical speed, whirl will be very
ciose 1o rotor critical and may cause excessive vibration that cil film may no
longer be capable of supporting. Whirl speed will actually “lock onte® rotar
critical and this peak will not pass through it even if machine is braught to
higher and higher speeds. Produces a lateral forward precessional
subharmonic vibration at rotor critical fraquency. Inherantly unstabie which
carn lead to catastrophic failura.

BEARING DEFECT FREQUENCIES:
BPFi = N, (Hﬂoosa) * RPM
2 ° Py

BPFQ -%(r:_:cose)xnm

[-(:%)z (cos U]E:I x APM

COS 8Y xRPM
FTF =21 (1-%: 9) x

B5F = Py
2B,

Where:

BPFl = inner Raca Fraquency
BPFO = Outst Race Fraquancy
BSF = Rall Spin Frequancy

FTF = Fund. Train (Cage) Freq.

N, = Mumber of Balls or Follers

B, = BalyRoller Diameter {in or i}

P, = Bearing Piich Dirmeter (in or rm)
0 = Contact Angle (degrees)

ROTOR RUB
TRUNCATED
FLATTENED
WAVEFORM
JOURNAL BEARINGS |, s FAOA
A. WEAR/CLEARANCE |, e
PROBLEMS >
NOTE RAISED NOISE FLOOR INDICATING CLEARANCE/L OOSENESS.
B. OIL WHIRL
INSTABILITY {40 -.48 X RPM)
1 lx RADIAL
C. OIL WHIP OIL WHIRL DLW WASSORBALANCE m"m
INSTABILITY S = TR et
5 =T — spead pessas
X —, e ROTOR SPEED = thns 2X crllical.
e T S e e
ROLLING ELEMENT
BEAR’NGS DOMINANT FAILURE SCENARIO
(4 Failure Stages) w0 ., S50
FREQ. REGION  |NATURAL FREQ] ENERGY
REGION 1,517
f, = Natural Frequencies of g
Coroponaia o < | STAGE! &
Supp%on Structure K %

-
8 5 |
STAGE 2 £ ¥ SIDEBAND
g FREQ.
w
1L s ,J].
STAGE 3 £
—_ &
gz & a
o o m
l @ o < 1
VIR IES VS V1 55% VAN §
= £
STAGE 4 9SE L HFE
% RANDOM HiGH s
5 FREQ. JIBRATHON THEN GROWS
: SICNIFICANTLY
L AT END

4 ROLLING ELEMENT BEARING FAILVRE STAGES

STAGE 1: Earliest indications of bearing problems appear in ultrasonic
frequencies ranging from aout 250,000 - 360,000 Hz later, as wear
increases, usually drops to approximately 20,000 - 80,000 Hz (1,200,000 -
3,800,000 CPM). These ara frequancies evaiuated by Spike Ensrgy (gSE),
HFD(g) and Shock Pulse (dB). For example, spike energy may first appear at
about .26 gSE in Stage 1 (actual value depending on measurement iocation
and machine speed). Acquiring high frequency enveloped spectra confirms
whethar or not bearing is in Failura Stage 1.

STAGE 2: Slight bearing defects begin to “ring" bearing component natural
fracuencies (f,) which predominantly occur in 30K - 120K CPM range. Such
natural frequencies may also be resonances of bearing suppert structures.
Sideband frequencies appear aRova and below natural frequency peak at
end of Stage 2. Overall spike energy grows (for example, from .25 to .50
9SE}).

STAGE 3: Bearing defect frequencies and harmonics appear. When wear
progresses, more defect frequency harmonics appear and number of
sidebands grow, both around these and bearing component natural
fraguencies. Overall spike energy continues to increase (for example, from
5 to over 1 g8E). Wear is now usually visible and may extend throughaout
periphery of bearing, particulady when meny well formed sidebands
accompany bearing defect frequency harmenics. High frequency
demodulated and enveloped spectra help confirm Stage Ill. Replace

g% now! dent of bearing defect irequency ampiliudes in
vibration spectra).

STAGE 4: Towards the end, amplitude of 1X RPM is even effected. It grows,
and normaily causes growth of many running speed harmonics. Discrete
bearing defect and component natural frequencies actually begin to
“disappear’ and ara replaced by random, broadband high frequency *noise
floor™, In addltion, amplitudes of both high frequency noise flcor and spike
anergy may in fact decrease; but just prior to failurs, spike energy and HFD
will usually grow to excessive amplitudes.
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HYDRAULIC AND

A. BLADE PASS &

AERODYNAMIC FORCES

VANE PASS X
I

BPF = # BLADES X RPM

B. FLOW
TURBULENCE

C. CAViTATION

RANDOM
VIBAATION

BFF = BLADE OR
1X BPFF VANE PASS
FREQUENCY.

RANDOM HIGH
FREQ. VIBRATION

Biade Pass Frequency (BPF) = No. of Blades {or Vanes} X RPM. This
frequency Is inherent in pumps, tans and compressors, and normally does
not present & problem. However, large amplitude BPF (and harmonics) ean
be generated in pump if gap batween rotating vanes and stationary diffusars
is not equal all the way around. Alse, BPF {or hammonic) semetimes can
coincide with a system natural frequency causing high vibration, High BPF
can be generated if impeller wear ring seizes on shalt, or if welds fastening
diffuser vanes fail. Also, high BPF can be caused by abrupt bends in plpe {or
duct}, obstructions which disturt flow, damper settings or if pump or fan rotor
is positionad eccentrically within housing.

Flow Turbuience often nccurs in blowers due to variations in pressure or
velocity of the air passing thru the fan or connected ductwork, This flow
disruption causes turbulence which will genarate random, low frequency
vibration, typically in tha range of 50 to 2000 CPM. Hf surging ocours within a
compressor, random broadband high fraquency vibration can occur.
Excessive turbulence can also excita broadhand high frequency.

Cavitation normally generates ranciom, higher frequency broadband
enargy which is sometimes superimposed with blade pass irequency
harmonics. Normally indicates insufficient suction pressure (starvation).
Cavitation can be quite destructiva to pump internais if left uncorrected. it
can particuiarly erode impelier vanes, When present, it often sounds as if
‘gravel® is passing thru pump. C© ion is usually caused by insufficient
inlet flaw. Can gccur during one survay, and be absant the next survay ( if
changesin suction valve settings ara mada).

GEARS

A. NORMAL
SPECTRUM

o 1X GEAR

F—1X PINICN

GMF= #Tg X APMg = #T, X RPMp

GMF "
2GMF aGMF
lll

nn i

3.25X GMF

Normal Spectrum shows Gear & Pinion Speeds, along with Gear Mesh
Frequency (GMF) and very small GMF harmonics. GMF harmonics
cammonly will hava running speed sidebands around them. All peaks are of
low amplitude, and no natural frequencies of gears are excited. Fyyuy
recomended at 3.25X GMF (minimum) when # teeth are known. I footh
countis not known, setFy,, a8t 200X RPM on sach shatt,

B. TOOTH WEAR

1X GEAR
1X PENION

Gens f,

‘GEAR NATURAL FREQUENCY
GMF BGMF

20MF

3.25X GMF

Key indicator of Tooth Wear is excitation of Gear Natural Frequency (f,}, along
with sidebands around it spaced at the running speed of the bad gear. Gear
Mesh Frequency {GMF) may or may not change in ampiitude, although high
amplitude sidebands and number of sidebands surrounding GMF usually
oceur when waar js noticeabls. Sidebands may be better wear indicator than
GMF frequencies themseives. Also, high amplitudes commoniy acour at
sither 2XGMF or at 3XGMF (esp. IXGMF), even when GMF amplitude is
acceptabla.

C. TOOTH LOAD

1X GEAR
1X PINION

26MF GMF
3.25X GMF

Gear Mesh Frequencies are often very sensitive te load. High GMF
ampiitudas do not necessarily indicata s problam, parficiarly i sidaband
frequencies remain fow level, ant no gear natural frequencles are excited,
Each Analysis should be performed with system at maximum operating
load for meaningful spaciral comparisens,

D. GEAR ECCENTRICITY
AND BACKLASH

1X GEAR
P~ IXPINION

- Geary,

GMF 3GMF

2GMF
ddjln__-dlh—-dlh— 3.25% GMF

Fairly high amplitude sidelands around GMF harmonics ofien suggest gear
eccantricity, backiash, or non-paralle! shafts which allow the rotation of ore
gear to "moduiate* either the GMF amplitude or the running speed of the
othaer gear. The gear with the probiem is indicated by the spacing of the
sideband frequencies.Alse, 1X RPM level of eccentric gear will normally be
high if eccentricity is tha dominant problem. mproper backlash normally
excites GMF harmonics and Gear Naturaf Frequency, both of which will be
sidebanded at 1X RPM. GMF amplitudes will aften decrease with incteasing
loadifbacklash is the prablem.

E. GEAR
MISALIGNMENT

PR
p—— 1% F[N\KNGE
p— 2X GEAR

2GMF

=]
Z
L]

BGMF

3.26X GMF

Gear Misalignment almest aiways excites second order or higher GMF
harmonics which are sidsbanded at running speed. Often will show only
small amplitude 1X GMF, but much higher levels at 2X or 3X GMF. Important
to set Fy,y high snough to capture at least 3 GMF hammonics, Also,
sidebands around 2XGMF will often ba spaced at 2X RPM. Nots that
sideband amplitudes often are not equal on jett and right side of GMF and
GMF harmonics duato the tooth misglignment. Causes ureven wear pattern.

F. CRACKED/BROKEN
TOOTH

TIvE
o WAVEFORM

4
&
© A A A A
A= _1_ OF GEAR WITH BROKEN
k RPM QR GRACKED TOQTH

>-— 1X GEAR APM

-

A Cracked or Broken Tooth will generate a high amplitude at 1X RPM of this
gear only igthe timewaveform, plus it will excite gear natural frequency (1)
sidebendsd at its running speed, Itis best detected in Time Waveform which
wilt shew a pronounced apike every time the problam tooth tries to mash with
teath on the matinggear. Time betweenimpacts

{ A wlil correspend to 1/RPM of gear with the problem. Amplitudes of Impact
Spikes in Time Waveform often will be 10X to 20X higher than that at 1X RPM
inthe FFT!

G. GEAR ASSEMBLY

25T = XS
15T =

Ni= 5

PHASE PROBLEMS E Ly g
B b ;

GAPF= GMF

MF

1X PINION
3000
b §) w6000
- 3000
4—12000
[}

“ GAPE aGapE aGAPF
POV il il |

aapp= Q-2

GAPF = 3000 CPM = 020X GMF {FRACTIONAL GMF)

Gear Assembly Phase Freq. (GAPF) can result in Fractional Gear Mesh
Frequencies (if N,>1). It literally means (T/N,) gear teeth will contact
(Tp/N,) pinion teeth and will generate N, wear patterns, where N, in a given
tooth combination aguals the product of prime factors commoen to the
rumber of teath on the gear and pinion (N, = Assembly Phase Factor).
GAPF {or harmoenics) can show up right from the beginning if thera were
manufacturing problems. Also, its sudden appearance in a periadic survay
spectrum can indicate damage if contaminate particles pass through the
mesh, resulting in damaga toths teethin mesh at thetime of ingestion just as
they enter and Ieava meshing or that gears hava baen recrisnted.

H. HUNTING TOOTH

1000 RPM 857 RPFM

PROBLEMS M
DRIVER DRIVEN £Y

7 fr=_ (@MANY

= (Taear) Franon)
z

@

8

N 'S
t € 1, SIDEBANDS 3
A

[ Nyt

|t

6=1X2X3
7=1%7 }N.\=‘
(6X 1000)(1) _ 1000

f,,= 1000 I00

850

N, = 1is the |deal assembly
phase factor in gear design

143 CPM (One Puise Per 7 Pinion Revolutions)

Hunting Tooth Frequency (f.) eccurs when faults are present on bath the
gear and pinion which might hava occurred during the manufacturing
process, due tomishandling, or in thedield. | can cause quite high vibration,
but since it acours at low frequencies predominately less than 600 CPM, itis
often missed. A gear set with this tooth repeat problem normally emits a
*growling" sound from the drive. The maximum effect ocours when the faulty
pinion and gear testh both epter mesh at the same fime (on some drives, this
may ocouronty 1 of every 10to 20 revolutions, depending on the i, formula).
Note that Taew and Toue refer to number of teeth on the gear and pinion,
respectively. N, is the Assembly Phase Factor defined above, Will often
modulate both GMF and Gear RPM peaks.
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SOURCE SPECTRUM REMARKS
GEARS (CONTI INUED) 8 Excessive Clearance of bearings supporting the gears can rot only excite
= 5 many running speed hamnonics, but will often cause high amplitude
as response at GMF, 2GMF and/or 3GME These high GMF amplitudes are
|. LOOSE BEARING FIT | = g IGMF actually a response to, and not the cause of, looseness within the bearings
x GMF supporting the gearing. Such excessiva claarance can be caused sitherby
- extensive bearing wear or by improper bearing fit onte the journal during
GMF l Installation. Left uncomrected, i can cause excessive gear wear and demage
i 18l il to other componants.
INDUCTIH MOTOR s Stator problems generata high vibration at 2X line frequency (2F). Stator
AC u ON 3200 LINE FFT eccentricity produces uneven stationary air gap between rotor and stator
A. STATOR ECCENTRICITY, which procuces very directionat vibration.  Ditfsrential Air Gap should not
AADIAL exceed 5% for tnduction motors and 10% for synchronous motors. Soft foot
SHORTED LAMINATIONS 2F, FL = LINE FREQ, and warped bases can procduce an eccantric stator. Loosa iron is due to
OR LOGSE IRON 1% 2x stator support weakness o lcoseness.  Shorted stator laminations can
cause uneven, localized heating which can distort the stator itself. This
A produces thermally-induced vibration which can significantly grow with
126 CPM operating time causing stator distortion and static air gap problams,
Eceentric Redors praduce a rolating variable air gap between ihe rotor and
B. ECCENTRIC ROTOR 3200 LINE FFT statar which induces pulsating vibration {nermally betwesn 2F_ and dosest
{Variable Air Gap) running spead harmonic}. Often requires "zoom* spectrum to separate 2F
_ . . RADIAL and running speed harmente. Eccentric rotors generate 2F, surrounded by
F,_ = Electrical Line Freq. 2F, y i :
N, = Synch. Speed = 120F, % Fp SIDEBANDS Pole Pass frequency sidebands (F.), as well as F, sidebands around running
P o WX 2X AROUND 2F, speed, F. appears itself at low frequency (Pole Pass Frequency = Slip
F, = Slip Freq. = N,- RPM U 11 k Freguency X #Poles). Common values of F, range from about 20 to 120 CPM
F. = Pole Pass Freq. = F, X P i LA (0.3- 2.0Hz). Soft foot or misalignmert often induces avariable air gap dugto
P = #Poles 12K CPM distortion {actually a mechanical problem; not electrical),
C. ROTOR PROBLEMS RADIAL 3200 INEFFT Braken or Cracked rotor bars or shorting rings; bad joints between rotor bars
Fp. SIDEBANDS AROUND OPER. 3PEED HARMONICS and shorting rings; or shorted rotor laminations will preduce high 1Xrunning
x 4% speed vibration with pole pass frequency sidebands (F.). In addition, thasa
F, S B 8X problems will often generate F, sidebands around the second, third, fourth
A I.LI. JJ ub. lll mmn 1!1. and fifth running speed harmonics. Loose or open rotor baes are indicated by
1800 LINE FFT 2X line freq. {2F,) sidebands surraunding Rotor Bar Pass Frequency (RBPF)
RBPF~ AOTOR BAR PASS FREQ. — #8AFS K FPM andfor its harmonics (RBPF = Number of Bars X RPM). Often will cause high
2F, $IDEBANDS ARGUND RBPF ANDYOR 2X REFF levels at 2X ABPF, with only a small amplitude at 1X RBPF.  Electrically
1 RBPF 2X ABPF induced arcing betwean loose roter bars and end rings will often show high
o teveals at 2ZX RBPF {with 2F sidebands); but lithe or no increase in amplitudes
at 1XRBPF.
360K CPM
Phasing problems due 10 loese or broken connectors can cause excessiva
D. PHASING PROBLEM RADIAL vibration at 2X Line Fraq. {2F,) which will havs sidebands around it spaced at
(Loose Connector) 2 . SIDERANDS 1/3 Line Freq. {113 F,). Levels at 2F, can exceed 1.0 injsec if ieft uncorrected.
X rebodode- - AROUND 2F, This is particutarly a problem if the defective connector is anly sporadically
1 [ k ~ 1 l - making contact. Loose or broken connectars must be repaired o prevent
catastrophictailure.
Loose stator coils in synchronous motors wilt generate fairly high vibration at
AC SYNCHRONOUS 1800 LINE FFT Goil Pass Freq. (CPF) which equals the numbar of stator coils X APM {#Gtator
: Colls = #Poles X #Coils/Pole). Tha Cob Pass Fraguency will ba surraunded
MOTORS COIL PASS FREQ by 1X RPM sidebands. Synchronous motor problems may also be indicated
{Loose Stator Coils) 1X 1X RPM by high amplitude peaks at approx. 60.000 to 90,000 CPM, sccompanied by
2% SIDEBANDS 2F, sidebands. Take at least cne spactrum up to 80,000 CPM on each motor
L bearing housing.
SOCR FREQ=6F, (FullWave Rectfied Many DG Motor and Control Problems can be detected by vibration analysis.
DC M OTOR S AND z - SFL ((}_‘:"_w::z Recﬂﬂed} Full-wave rectified, motors {6 SCR's) generate a signal at 6X Line Frequency
CONTROLS cE - {6F, =380 Hz=21,600 CPM}; while half-wave rectified DC motars (3 SCR's)
T ﬁ SOR FREQ. generate 3X Line Freq. (3F =180 Hz=10,800 CPM). The SCR fifing
A.NORMAL S PECTRUM lT ' Frequency is normaily prasent in a DG Motor Spectrum, but atiow amplituda.
Naote thaabsence of ather peaks at multiples of £,
B. BROKEN ARMATURE § Whean DC Motorspec_traaze dormninated by high levels at SCR urEXSCR. this
G|=F SCR normally indicatas either Broken Maotor Windings or Faulty Tuning of the
W|ND|NGS, GROUNDING |~ & FREQ. Electrical Control Systemn. Proper tuning alons can lower vibration at SCR
PROBLEMS OR FAULTY 1;5 l and 2X SCR signitisantty if control problems pradominate. High amplitudes
at these frequencies would narmally ba above approximately .10 in/sac,
SYSTEM TUNING 1 paak at 1 XSCH and about 04in/sec at 2 X SCRFiring Freg.
g When one firing card fails 1o fire, then 1/3 of power is |0st, and can cause
C. FAULTY FIRING CARD ‘)f 1aX 5CA sch repeated momentary speed changes in the motor,  This ¢an leadi 1o high
OR BLOWN FUSE FE W FREQ. amplitudesat 1/3X and 2/3X SCR Frequency (1/3X SCRFreq. = 1XF, for half-
% 2/3% SCR wave rectifiad, but 2X F, for afull-wavarectified SCR).
1 i Caution: Card/SCR configuration should e known before troubleshooling
mator (#SCR's, #Firing Cards, ete.). .
. < -
D. FAULTY SCR, SHORTED |& Faulty SCR's, Shorted Control Cards and/or Loose C»(Jntl]ecnonsf f'an
X E w! ScR genergte noticeable amplllude peaks at many combinations of line
CONTROL CARD, LOOSE|" £ B e jreguency (F_) and SCR fiing frequency. Normally, 1 bad SCR can cause
CONNECTIONS AND/OR lzﬁ j & % i )\ high levels at F| and/or 5F In 8 SCAmotors. The point to be made is that
BLOWN FUSE 1 [ | nsither £, 2F . 4F, nor 5F, should be presentin DC Motor spectra.
E. FAULTY COMPARITOR z SIDEBANDS LIKELY EQUAL Faulty Comparitor Gards cause problems with RPM fiuctuation or "hunting".
CARD § E TO SPEED VARIATIONS This causes a constant collapsing and ragenerating of the magnatic field.
T E 3000 LINE SPECTRUM > Q. These sidebands ctien approximate the RPM fluctuation and require a high
% lsm FREQ.  respiution FFT to even detect them. Such sidebands could also be due to
) ALAALLEL generationand regeneration of the magnetic fisld.
DIFFERENCE FREQUENCIES : - - N "
Electricalty-induced Fluting is normally detected by a series of difference
F. ELECTRICAL CURRENT § - ':;? E‘JC.’}#;‘&E.?;’QESES? frequencies with the spacing most often at the outer race dafact fraquency
PASSAGE THRU DC =& NE — (BPFO}, sven if such fluting is present on both the outer and inner races.
N 1600 Ll They most often show up in a range centered at about 100,000 to 150,000
MOTOR BEARINGS | ? SPECTAUM . , CPM. A 180K CPM spectrum with 1600 lines is recammencied for detection
1 !BOK‘GPM with measurernents an oth the OBand 1B DC motor bearings,
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ILLUSTRATED VIBRATION DIAGNOSTIC CHART

PARALLEL TQ
BELT EENSVDN

HORIZ.

PITEH DUAM, X REM, = PITCH DIAM, X APM,

PROBLEM TYPICAL
SOURCE SPECTRUM REMARKS
BELT DRIVE PROBLEMS BELT FRAEQ. = 3,142 X Puuészg‘érgm DIAM.
A. WORN, LOOSE OR § 8 TIMING BELT FREQ. = FBSHETEEM XX#Q?FFLIJ{L T;(E%Im
N‘ A o o«

MIs TCHED BELTS B é é x4 Belt frequencies are below the RPM of sitherthe motor or the driven machine.
VERT. PereENDICULAR | B Eg x> T E When they are worn, loose or mismatched, they normally cause 3 1o 4
TO BELT TENSION e [ muitiples of belt frequency, Offen 2X belt freq. Is the dominant peak.
HORIZ- v 1 J RADIAL IN LINE Ampiitudes are nommally unsteady, sometimes puising with either driver or
VERT. 14l WITH BELTS driven BPM. On timing belt drives, wear or pulley misalignment is indicated

by high amplitudes at the Timing Belt Frequency. Chain drives will indicate
problems at Chain Pass Frequency which squals #Sprocket Testh X RPM.

B. BELT/PULLEY
MISALIGNMENT

D% OFF E’IGEON EiZANGLE
SET TOE

AXIAL 1X DRIVER OR DRIVEN

Misalignment of putiey praduces high vibration at 1X RPM predominantly in
the axial direction. The ratio of amplisudes of driver to driven RPM depends on
whers the data is taken, as well as onrelative mass and frame stifiness. Oftan
with pullay misalignment, tha highest axial vibration on the motor will be at fan
RPM, o vice versa, Can b confirmed by phase measurements by setting
Phase Fiiter at RPM of puliey with highest axial amplitude; than compare
phase al this particular frequency on sach rotorini the axial diraction.

C. ECCENTRIC PULLEYS

"0

RADIAL X RPM ECCENTRIC PULLEY

Eecentric pulieys cause high vibration at 1% APM of the eccentric putley, The
amplifude ig normally highest in line with the belts, and should shaw up on
both driver and driven bearings, It is sometimes possible to balance
eccentric pulleys by attaching washers to taper-lock bolts. However, even if
batancad, the accantricity will stilt induca vibration and reversible fatigue
stressas in the belt, Pullay eccentricity can be confirmed by phase analysis
showing horizontal & vertical phase differences of nearly ¢° o 180°.

D. BELT RESONANCE

ONo

1X APM
BELT RESONANCE

}

RADIAL

Belt Resonance can cause high amplitudes if the belt natural frequency
should happento approach, or coincide with, either the motor or driven RPM,
Belt natural frequency can be altered by changing either the belt tension, belt
length or cross section. Can be detected by tensioning and then releasing
belt while measuring the response on pulleys or bearings. However, when
operating, belt natural frequencies will tend to be slightly higher on the tight
side and iower on the slack side.

186° OUT OF PHASE

iN PHASE

A Beat Freguency is the result of two ciosely spacad frequencies gainginio

BEAT V’BRAT’ ON and out of synchronization with cne ancther. The wideband spectrum
normally will show one peek pulsating up and down. When you 2cominto
1\?535%1;5;352 TWO FREQUENCIES this peak {lower spectrum bedow), it actually shows two closely spaced
peaks. The difference inthese two peaks (F,-F,) is the beat frequency Which
TWO SIMPLE appears itself in the wideband spectrum. The beat frequency is not
;g?’g?"“;% comimonty seen in normal frequency range measurements since it is
DIFFERENT | inharently low frequency, usually ranging from only approximately 5 to 100

FREQUENCY CPM.

F, AND F,

Maximum vibration will result when the tme wavaform of ona frequency {F,}
comes into phase with the waveform of the other frequency (F.). Minimum

Fg= F; - F, = BEAT FREQUENCY vibration occues when waveforms of these two frequencies line Lp 180° out of
BEAT FREQUENCY |} phase.
GENERATED BY
TWC FREGUENGIES - PULSATING
ABOVE - AMPLITUDES
K .
I ) 1 VWDEBAND SFECTRUM
P Fy Fp
4>J r A\ = BEAT FREQUENCY

MINIMUM MBRATION MAXIMUM VIBRATION OCCURS ZOGM SPECTRUM

OCCURS WHEN 2 WHEN 2 FREQUENCIES ARE

FREQUENCIES ARE

SOFT FOOT, SPRUNG

RESONANCE

FOOT AND FOOT-RELATED

RADIAL
T X RPM (Typ.)

"Soft Foot" occurs when & machine's foot or frame deflects greatty when a
hold-down bolt is lagsaned fo hand tightness, causing the fuot to rise more
than approximately .002 - .003 inch. This does net always cause a great
vibration increase. Howsvar, it can do so if the soft foot affacts allgnment or
motor air gap coneariricity.

‘Sprung Fool' can cause great frame distortion, resulting in increased
vibration, foree and stress in the frame, bearing housing, etc. This can oceur
whan a hold-down bolt is forceably torqued down on the sprung foot in an
attemptta level thefoot.

"Foot-Related Resonance” can cause dramatic ampiitude increases from
5X to 15X or mars, as compared with that when the bolt {or combination of
bolts) is Joosenad to hand tightness. When tight, this bolt can notably
changethe natural frequency of the footor machine frame itself.

Soft Foot, Sprung Foot or Foot-Related Resonance most often affacts
vibration at 1X BFM. but can also do so at 2X RPM, 3X RPM, 2X line
frequency, blade pass frequency, etc, (particularly Foet-Related
Resonance).
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