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1 Analysis Definitions: Unbalance AN T ......cvieiiiececicececiceeee e 1
Symptoms: LX radial (V & H) ..ooveeeeieeeceee et ens 1

1.1 Unbalance: Static imbalance AN ...v.vveveeiiceeicee e 2
Symptoms: 1X radial (V & H) $FE: IX 2] (VEH) oo 2

1.2 Unbalance: Couple imbalance JJ AT ..o 4
Symptoms: 1X radial (V & H) $FE: IX AR (VEH) oo 4

1.3 Unbalance: Dynamic unbalance Al AT ......ocviuiecececeeeceece e 6
Symptoms: 1X radial (V & H) $FE: IX AR (VEH) oo 6

1.4 Unbalance: Vertical Machings 33T £ oo 8
Symptoms: 1X radial (horizontal) HFfiE: IX 721 (KT e 8

1.5 Unbalance: Overhung Machings B T A8 ... ouvuiuirceceeectcee et 10
Symptoms: High 1X axial, 1X radial (V & H)¥FE: IX HliF) &, IX 2R (V&H) ... 10

2 Analysis Definitions: Misalignment AN X H ..o 12
Frequency: 1X axial, 2X radial (V & H)#i 1X fliA&, 2X 7210 (V&H) e, 12

2.1 Misalignment: Parallel (OFfSet) AT ANKT HH c.vvecieeeeee e 14
Symptoms: 2X radial, small 1X radial (V & H)RFIE 2X 1200, IX 2%/ (V&H) ... 14

2.2 Misalignment: Angular (Gap) fH AN oo 16
Symptoms: 1X axial, small 2X axial, small 1X radial $#fF: 1X #li[i, 2X &l 1X 4200
/Iy ettt 16

3 Analysis Definitions: Rolling element bearings R SIHIA ......ccvveeveeeeceeee e, 18
Symptoms: Non-synchronous vibration and others $51iF:  JERI IR AL (v 18

3.1 Rolling element bearings: Stage one fault JEE A : S B BOME oo 20
Symptoms: Very low amplitude, very high frequency vibration 4 : IE{HA%, mdRS) ...... 20

3.2 Rolling element bearings: Stage two fault /R A5 : 55 B cocvcvvee 22
Symptoms: Very low amplitude, very high frequency vibration $#fiF: IE{HA%, @RS ...... 22

3.3 Rolling element bearings: Stage three fault: outer race & ahilAk: 55 =B INEIE.......... 24
Symptoms: Non-synchronous harmonics £51iE:  JAEFIEIEM ..o 24

3.4 Rolling element bearings: Stage three fault: inner race RIEHIA: 55 =B WEIE......... 26
Symptoms: Non-synchronous harmonics & 1X sidebands %#4F: dE IE U5 &1X A1 ... 26

3.5 Rolling element bearings: Stage three fault: ball damage V& Zh#l#&: 5 =Bt & 78 ... 28
Symptoms: Non-synchronous harmonics & FTF sidebands #F1iE: AE[FI2EE5&FTF 471 ..... 28

3.6 Rolling element bearings: Stage four fault JEzNHIA: 55 PURT B oo 30
Symptoms: Non-synchronous harmonics & noise JE[FE 2D I BI&ME 5 ..o 30

3.7 Rolling element bearings: Cocked bearing: on shaft 7Rzl . #MahHlA&A: ah b ... 32
Symptoms: 1X, 2X, and 3X axial FFE: I1X. 2X X B v 32

3.8 Rolling element bearings: Cocked bearing: in housing & a4k A : AN ... 34
Symptoms: 1X, 2X, and 3X axial FFE: I1X. 2Xy X B v 34

3.9 Rolling element bearings: Fluting EDM JE&NHlA : HITH oooiiccceeeeeeeees 36
Symptoms: Series of peaks commonly between 100k CPM and 180k CPM ’%fif: 100k
CPM-180k CPM Z [H] 2 A FUHE MEEAEL ..o 36

3.10 Rolling element bearings: Rolling elements skidding JE&h A : & THTH e 38

Symptoms: Elevated noise floor plus BPFO or BPFI peaks protruding above noise floor ##1if-: 7E
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LR 5 25 BPFO B BPFI U oo 38
3.11 Rolling element bearings: Inner race sliding on shaft & HIA: HIAFE ..ooveveveeeie 40
Symptoms: Raised 3X peak with harmonics %F7E:  3X WA AEM ..o 40
3.12 Rolling element bearings: Outer race loose in housing JE &N A : BELAME .....ccvcveveveeeees 42
Symptoms: Elevated 4X peak BFfE: AX UM TH R oo 42
Analysis Definitions: LOOSENESS FAZBN .....c.cvcveveiiieieicieieieeeeeeeeeee et 44
Symptoms: Rotating: 1X harmonics / Structural: 1X horizontal / Pedestal bearing: 1X, 2X, and
3X vertical KFfE: BeEiBME: IXUEA/EE R AX ACPHIZRIE: 1X. 2X. 3X EH ........... 44
4.1 Looseness: Rotating 100seness ¥ : FEELTBAE wvoviveveveeecee e 46
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05K ) ettt b ettt bt e b ettt e teabeeteerb e teebeete et e eteebeetbenteeraaneas 46
4.2 Looseness: Structural 100seness FA5M: ZEFIRAZN ovvvveveeiieece e, 48
Symptoms: Structural: 1X horizontal #51iE: 258 : IX K e 48
4.3 Looseness: Loose pedestal bearings FAz0: HIABEFAE .o.vvvvieeieeeeeeeecee e 50
Symptoms: 1X, 2X, and 3X radial £#1iE: 1X. 2X. 3X A2 oo 50
Analysis Definitions: RESONANCE FEFR.......ccviiiiiiiiicicie e 52
Symptoms: "Hump" or high peak in spectrum typically in one direction only 451iE: “5pig” of—
J SLAE AT 0] BRI LA B FEIEE AL v 52
5.1 Resonance: Excited by fluting/EDM L4 : B ELIRIUE ..cooeeeeece e 54
Symptoms: Series of peaks commonly between 100k CPM and 180k CPM100k CPM-180k CPM
IRV BB MU oo 54
5.2 Resonance: Excited by bearing skidding JE4i%: FTHBEE ..o 56
Bent shaft: BeNt SNaft ZHZ5 ........oiiiceee s 58
Symptoms: 1X (and often 2X) axial #F4E: 1X (FEAE 2X) HlI oo 58
Cavitation: Pump cavitation s ZE M v 59
Journal DEAriNgS T BIHIK ..ottt 61
8.1 Journal bearings: Wear/Clearance #2045 s EEBUTAIBR .oovveveiieeececeee e 61
Symptoms: 1X harmonics FFEAE IX A ....ovviiicccccccee e 61
8.2 Journal bearings: Oil Whirl # 5K : HBEIRZ ovovevecceeee s 62
Symptoms: 0.38-0.48X in radial 5FfE: 0.38-0.48X F2I1] wvcviviveveriierereieeee e 62
Analysis Definitions: ROLOr rUD B T EEHE ........cooveeeececeeeeeeeee e 64
Symptoms: 1X harmonics radial (0.5X harmonics when severe) 1l 1X 14545 7 (™ E i 0.5X
TEEBII) oottt ettt 64
Eccentricity: Eccentricity general comments /Ly FEUEIH covviviveveeeceeeee 65
Symptoms: 1X radial (V and HYRFE IX A8 (V FTH) e 65
10.1 Eccentricity: Eccentric motor rotor /Ly s HAHLEL FIH/L ovevevereieieiceeeeeeeeeeee e, 67
Symptoms: Pole pass sidebands around 1xTS and 2xLF #51iE:  1X B iR i A i 5 Fl 2X
LR AT I ATIZRILIANT 1o 67
10.2 Eccentricity: Eccentric motor stator [z HEALIE T cooveverirerereeeeee e 69
Symptoms: Twice line frequency (100 or 120 Hz) radial FfiE: 2X £kl (100 5k 120 Hz)) 42
TR 69
10.3 Eccentricity: Eccentric pulley or sheave fhi-Cr: A FEBAEEE LD ©ovovevereieeeeeeeeeeeeeee 71
Symptoms: 1X radial (V and H)RFE: IX 221 (VAT HD e 71
10.4 Eccentricity: Eccentric gear fhitr: TR/ ccucvivevieereeereeeee e, 73
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Symptoms: 1X radial (V and H) and sidebands £f1ik: 1X #218] (V A H) FHUAT oo, 73
Hydraulic and aerodynNamic S . ........ccuiuiuirereieieieeeeeeeeeeee et 75
11.1 Hydraulic and aerodynamic: Blade faults JiifA: T R ...oooviveveeeceeee e 75

Symptoms: Peak at vane pass or blade pass #FfiE: I F B8 30 S ARG o 75
11.2 Hydraulic and aerodynamic: Flow turbulence JiAK: i coeeeeeereeeceeeeeeeeeee e 77
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11.3 Hydraulic and aerodynamic: Pump cavitation Jif&: ZEMM oo 79

Symptoms: High frequency "noise"FfiE: Al “TEFE 7 e 79

Analysis Definitions: Reciprocating machines 1 2 1t % ...ovveeeueeeceeeee e 81
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INAUCEION MOTOFS F 25 FELAL....v.veeveocececee e 83
13.1 Induction motors: Type | rotor faults 520 FEHL: | BYFEFHRBR ovveee e 83

Symptoms: Pole pass sidebands around 1X and harmonics 4 :  1IX+H I i A% A 140 ... 83
13.2 Induction motors: Type Il rotor faults 7720 HAAL: 1 B3 il o 84

Symptoms: 2xLF sidebands around RBF $51iE: RBFE2X ZEA .....oovveiiicccccccceceve 84
13.3 Induction motors: Stator eccentricity or soft foot 50 HEML: & Ty BUAR A oo, 86
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............................................................................................................................................ 86
13.4 Induction motors: Rotor bow TP HIHL: BT 5TE i 88

Symptoms: 1X radial FFME: DX AR wvoviiiccceeeeeee et 88
13.5 Induction motors: Cracked or broken rotor bars 50 HAHL: 32855 o, 90

Symptoms: Pole pass sidebands around 1X and harmonics OR 2xLF sidebands around RBF %

fE: IXEMRIE I A AL RBFE2X ZRA ..o 20
13.6 Induction motors: Loose rotor bars 720 FHHL: 5 F2RARBN oo 92

Symptoms: 100/120 Hz sidebands around rotor bar pass frequency $FfL: #% 14l i g

FL00/L20 HZ ..ottt et e et et e e e e ta e s re e teenaaennaeanes 92
13.7 Induction motors: Loose rotor 5# 5 HiML: FoFHABN v 94

Symptoms: High 1X and harmonics #71iE:  1X AU R oo 94
13.8 Induction motors: Loose stator windings 520 FEML: € FEEZHAREN oo 96

Symptoms: High 100/120 Hz radial #74iE: 100/120 Hz 42 B AEL ] vvovveeeeeeeceeeveeeve e 96
13.9 Induction motors: Shorted laminations 5# 25 HAAL: ZREVELEE oo 98

Symptoms: High 100/120 Hz radial100/120 Hz 42 [AJEAE I cveveveveveieeeieeeeeeeeeeeeeeee e 98
13.10  Induction motors: Loose connections 55 FAML: FZSKARA BN oovvvviiciecee 100

Symptoms: High 100/120 Hz with 33/40 Hz sidebands %§1iF.: 100/120 Hz & 33/40 i1 ...... 100

Synchronous motors: Loose stator coils [F] 22 FibL: & FZERBFAZN ..o 102

Symptoms: High coil passing frequency with possible 1X sidebands 45:1iF : 2% 8] i 4% & vl fig

G 2 R 102

DC motors: General fault comment LI FEHL: 5 W DEI oo 104

Symptoms: Line frequency harmonics or fractional SCR firing frequency peaks F7fiE: ZeAiik 4

L O B 7 RO 104
15.1 DC motors: Grounding fault ELJEHEHL: FEHIER ..o, 106

Symptoms: Line frequency peak (50 Hz or 60 Hz)RffiE: £k (50 5% 60HZ) .ocvvecvirnnee. 106
15.2 DC motors: SCR Tuning faults ELJiFEML: SCR AT ...cocvcvevveeeeeee e, 108
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Symptoms: 1X sidebands around 1XSCR and 2XSCR firing frequencies #51i.: 1XSCR i1 2XSCR

B T G A TR 108
15.3 DC motors: Phase 10ss FLHLHLAL:  BAH . ...coviiiceeeeeee e 109
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.......................................................................................................................................... 109
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1 Analysis Definitions: Unbalance A-F-

Symptoms: 1X radial (V & H)

The technical way to describe unbalance is
as a condition where "a shaft's geometric
centerline and mass centerline do not
coincide”, or where "the center of mass does
not lie on the axis of rotation”. In other words,
there is a heavy spot somewhere along the
shaft.

There are two types of unbalance: static and
couple. Normally there is a combination
called "dynamic” if the rotor is not narrow
compared to its diameter.

We expect to see a high peak in the
spectrum at 1X turning speed of the shaft. It
is often higher in the horizontal direction
compared with the vertical direction due to
stiffness.

Waveform: The waveform should be very
sinusoidal; if not there may also be
misalignment, looseness or other fault
condition in addition to unbalance. View in
units of velocity if possible.

Phase: Phase is the best
indicator. Compare vertical to horizontal
phase — there should be a 90° phase shift.

See also static and couple unbalance, and
unbalance for vertical machines and
overhung machines.

FRfE: 1X 420 (V&)

AN SC FAh Y LR R L AN R
AT SN —FRZ . BT
DA b B g ul, e
EAAE R

PHRPSEILRIANPAT e AP AN T A AN
VAT R T R AT LU HAR AN
KRR, WHZWARARA S, B
AT

Tl e T8 1X BB
BRI, KTy i A B T 7
ok

WIRUEE: SRR R R E e
SASL, WA, IR i
B B TR o SRR 36
HIL: MG R B AT IR fi
LA T LA 7 1 1 3 % 17 %
90°.

5 S RIE AT, RN
AT
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Imbalance (static) If }
FAT O d) |
v S
909+30° between |l ==
vertical and horizontal J m
=
K CE B A AL 2 &
90° +30°
1%
1]
0 1 2 3 4 5 6 T 8 9 10
Krix Orders
Imbalance (couple) : :
AR Q Q |
1X ——
90°+30° between - | =
Lvertical and horizontal “E
KT R M B 2 o
90° +30° %
In

0 1 2 3 4 5 6 7 8 9 10
Bk Orders

1.1 Unbalance: Static imbalance &A1

Symptoms: 1X radial (V & H) $#fE: 1X 2] (V&H)

Expect to see a large peak in the spectrum Bl 1= it op 5 21 /K A2 57 1A 1)

at the shaft turning speed (1X) in the vertical ST A A2 2 s
and horizontal axis. Axial 1X vibration will be IX P A e R, I 1X R AE A

low.

The simplest type of unbalance is equivalent S R T AS ST 24 T 1 T 7

to a heavy spot at a single point in the rotor. Py ;o N
This is called a static unbalance because it MR E. TR R R
will be present even if the rotor is not turning K, WO FEA AT

2
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- if placed in frictionless bearings the rotor
will turn so the heavy spot is at the lowest
position. Static unbalance can be corrected
with a single-plane balance.

Static unbalance results in 1X forces on both
bearings of the rotor, and the forces on both
bearings are always in the same direction.
The vibration signals from them are "in
phase" with each other.

Spectrum: High 1X in the radial
directions. Low in the axial direction.

Waveform: The waveform will be very
sinusoidal when viewed in units of
velocity. If it is not sinusoidal then there
may (also) be misalignment, cocked bearing,
a bent shaft or some other fault condition.

Amplitude: Compare vertical to horizontal
vibration on a horizontal machine. If
horizontal >2X vertical amplitude then
suspect foundation looseness or resonance.

Phase: Look for 90° phase shift between
vertical and horizontal. For pure static
unbalance, phase at bearings at either end
of the rotor will be in-phase.

UR I ORI R B, 2 A 3hiE
¥, WS ERIRIAIE. FAFR
I NTTRE: i 3l

HIAN A AR R T PR 2 1X ),
0 Al A 1) 37 T S e — B0, BT LA
{2 7 I 1) R sh 5 5 2 R AR B2 — 30
iD

ARt 12 AX TEER e, HlE) X B

I R PRI, 1R T
WARAGE, wlRERAS R, A,
Bl e B R

WEfe: R, HREE AR
JilA B . WA IKA>2 £ K H T
], AP EERA A B B3k .

AR e [)— Al A7 B ) 3 AN K- ARA
7= 90°. XAl A, PN [E
— T AL 2
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Imbalance (static)

1X

—

O O

! 90°+30° between
| vertical and horizontal

Radial

6 T 8 9 10
Orders

1.2 Unbalance: Couple imbalance JJ{HA -4

Symptoms: 1X radial (V & H) $#fE: 1X £210] (V&H)

Expect to see a large peak in the spectrum
at the shaft turning speed (1X) in vertical and
horizontal axis. Axial 1X vibration will be low.

A rotor with couple unbalance may be
statically balanced (it may seem to be
perfectly balanced if placed in frictionless
bearings), but when rotated, it will produce

AT AEE 75 20 K- F1 2 5 7 1) 1)
IX iR E, fhm AX IR

TIAEANY-T 1K) e 5 1T RER A IR - 1)

COnRJBAE TR & b, B R-P
Was5e38) , (HERNHE e, Ex
A5 P O 7™ A ) A B (R A
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centrifugal forces on the bearings, and they
will be of opposite phase. > A two-plane
balance is required to correct couple
unbalance.

Spectrum: High 1X in the radial
directions. Low in the axial direction.

Waveform: The waveform will be very
sinusoidal when viewed in velocity. If it is
not sinusoidal then there may (also) be
misalignment, cocked bearing or some other
fault condition.

Amplitude: Compare vertical to horizontal
vibration on a horizontal machine. If
horizontal >2X vertical amplitude then
suspect looseness or resonance.

Phase: Look for 90° phase shift between
vertical and horizontal. For pure couple
unbalance, phase at bearings at either end
of the rotor will be 180° out-of-phase.

TIAAS V-7 5 R SRR I o

ARt 120 AX TEER . Ble) X B

I KA AT, R
WARAGE, wlRERASH, A,
Bl m L

Wafe: PR, HBEE AR
Ji Al ERIRAE . WRIKP->2 A5 (0 35S
], M EEEA A BBk .

iRVl VAT MU E I E LY N o (A

7= 90°, X Fali S A1, P A&
[i)— 7 ) [P AR, 22 180°,
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Imbalance (dynamic)

1X

3

90°+30? between
Lvartical and horizontal )

6 7 8 9 10
Orders

1.3 Unbalance: Dynamic unbalance z/j /-1

Symptoms: 1X radial (V & H) FFfiE: 1X 2R (V&H)

Dynamic unbalance is a combination of
static and couple unbalance. It normally
occurs in rotors that are long compared to

BN AT AN PR A AN 1R 41
o ORI RS A EL E AR

Radial
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their diameter. Dynamic unbalance is the
most common form of unbalance in these
sorts of rotors. A two-plane balance is
required to correct dynamic unbalance.

Spectrum: High 1X in the radial
directions. Low in the axial direction.

Waveform: The waveform should be very
sinusoidal; if not there may also be
misalignment, looseness or other fault
condition in addition to unbalance. View in
units of velocity if possible.

Phase: Phase is the best indicator. Look
for 90° phase shift between vertical and
horizontal. Phase at bearings at either end
of the rotor will be between 30° and 150°
out-of-phase.

See also static and couple unbalance.

KB T, ST XA E 1, 3
AN 2 B W LI o BN 1 7 R
KPS 1

ARt 120 AX TEER . Ble) X B
BTG . NAZAE IE R . AR A,

WRERANT Y, fash, B EEEE (R
TAA) o JRER AT AT

AR ARAL R U IR FR 7N o [F)— A AL
B EAUKCP AL 25 900, 1 % 7K
] — 7 [a) R AHASE 22 30° 1 150°,
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Imbalance (dynamic)

1X

-

90°+30° between
vertical and horizontal

Radial

6 T 8 9 10
Orders

1.4 Unbalance: Vertical machines 7.3\ %

Symptoms: 1X radial (horizontal) #¢fiE: 1X 42 (ZKF)

The spectrum will show a high amplitude
peak at 1X turning speed when measured in
the radial direction (horizontal or tangential).

To distinguish motor unbalance from pump
unbalance, it may be necessary to break the
coupling and run the motor solo while
measuring 1X. If the 1X level is still high, the

FEAR IR T 8] ORI SR, 1X
BRI AR 5 o

AT X LS R B AT, BT
e, PS4 IE, WR 1X
g, AT ks, SRR .
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problem is the motor; otherwise it is the
pump.

Spectrum: High 1X in the radial directions.

Waveform: The waveform will be very
sinusoidal when viewed in units of velocity.

Amplitude: Amplitude will be higher where
the stiffness is lowest. Typically amplitude
will be highest on top of motor, and it will be
lowest in the direction of piping.

Phase: Look for 90° phase shift between
readings taken 90° apart. All readings
taken in the same direction should be
in-phase.

AE . 42 X TRE

IRy SR T BT, s T
B IE TNk -

WE A W S N T, AR 2t s
ﬁﬁ%ﬂ%ﬁﬂé%ﬁ,ﬂﬁﬁﬁﬁ
SN

FAAE: [A)—J5 1) _E AR AL R % — 2
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Imbalance (Vertical)

.O

In-phase +30°

1X O

0 1 2 3 4 5 6 7 8 9 10
Orders

O

In-phase +£30°

.O

1.5 Unbalance: Overhung machines & 13 7%

Symptoms: High 1X axial, 1X radial (V & H)FFE: 1X Hli &y, 1IX 20 (V& H)

In_ an overh_ung or cgntilevered machine, you EREXRA L, REEREH. K.
will see a high amplitude peak at 1X turning A TR LX IR AR

10
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speed in the vertical, horizontal and axial
directions.

We see the high 1X in axial because the
unbalance creates a bending moment on the
shaft, causing the bearing housing to move
axially. Examples of overhung rotors are
close-coupled pumps, axial flow fans, and
small turbines.

Spectrum: High 1X in the radial directions
but highest in the axial direction.

Waveform: The waveform will be very
sinusoidal when viewed in units of velocity.

Phase: Look for 90° phase shift between
vertical and horizontal. Axial readings on
both bearings will be in-phase. Radial
phase readings on both bearings will be
in-phase.

ATV 2 X i) v, 2 A AN
TR T B, SEE AR RN 5 .
PR e A B AL
NFEEHL

s AX AR e, (HS2 X Hha s
Ik SR I A, I T
1ETED

AR IR VA o SIE T = L YA
#£90°, PN Eh AR S 1) IR AR — 2, 42
BEi A
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Imbalance (overhung) ) (E(E

-
-

1X

—

Radial & Axial

0 1 2 3 4 5 6 7 8 9 10
Orders

2 Analysis Definitions: Misalignment A%} 1
Frequency: 1X axial, 2X radial (V & H)#i% 1X fili7k, 2X 121 (V & H)

Misalignment is a condition where the AN ot Bl 2 P A 1) TR D 2R AN EE

centerlines of coupled shafts do not coincide. AL b A 1Y B
Misalignment is common due to poor s E‘aiﬁqﬂig@i&ﬁkmﬂ%ﬂ&; %Etﬂ
alignment practices or because of thermal AL EIEN A, AR IR I,

growth, shifting foundations, pipe strain, etc.

12



Mobius institute:Vibration Analysis Definitions

IR TR X

<ok

If the misaligned shaft centerlines are
parallel but not coincident, then the
misalignment is said to be parallel (or offset)
misalignment. > If the misaligned shafts
meet at a point but are not parallel, then the
misalignment is called angular misalignment.
The vibration does not always change in
predictable ways when shafts are
misaligned.

Most misalignment cases are a combination
of parallel and angular misalignment.
Diagnosis, as a general rule, is based upon
dominant vibration at twice the rotational
rate (2X) with increased rotational rate (1X)
levels acting in the axial and in either the
vertical or horizontal directions.

Spectrum: We expect to see a high 1X
peak in the axial direction due to angular
(gap) misalignment, and high peaks at 1X,
2X, 3X, and even 4X and 5X in the radial
direction due to the parallel (offset)
misalignment.

The peaks may be higher in vertical at one
end of the component (e.g. motor) but higher
in horizontal at the other end of the same
component.

Phase: The components (e.g. motor and
pump) will be out-of-phase axially due to
angular misalignment. When comparing
vertical and horizontal phase readings, they
may be in-phase or 180°
out-of-phase.  Vertical phase readings
taken on opposites sides of the coupling (e.g.
motor drive end and pump drive end) will be
out-of-phase.

Waveform: The waveform will be a
combination of 1X, 2X and possibly other
sources and may therefore include a
"wobble” or take on the "M" or "W” shape.

an FAS A L deot AT, HR
BATHE A, IBAIXBEAR; A A 7T
ATAIS o AERANKE HR Al g v L AT AT
TRl AEFHARKE FF AN A
X BRI, JeBh A IFAN S
A% M (0 7 AR AN 15 A2 mT LA T
iD

REHGILT, A AT A
AR A G — BB W I,
) 3 LK R, 2X 0 SR,
IX MR AEIE AT

k. T AAX T, BAISFED 1X
BRI Ry W TPATAN Y, AT
EF 1X. 2X. 3X, HEERE 4X. 5X )
128 TRy e A v o

FEARAE CAnL) (S 3 LT [ P 3
WK, RIS, AT K

AL BT AT, S 1 ) Al 1) A
PE 18] o 24 ELEE TR A ZK S ARA 32 50
AlHEAE 0 81 180°, HeAhas i CRLpLEK
B A IR S ) T AR 22 1A o

NI NGB RS 1X, 2X B
RN, HIEEIRES ZM 7 W7,
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Parallel Misalignment

2X
1X

6 7 8 9 10

Orders
Angular Misalignment , 'S) (2_
1X .‘:
L . -
2X
LT
0 1 2 3 4 5 6 7 8 9 10

2.1 Misalignment: Parallel (Offset) 47 A%}/

Orders

Symptoms: 2X radial, small 1X radial (V & H)F#fE 2X 7219, 1X 24N (V& H)

If the misaligned shaft centerlines are A P RO AT I, (HE

parallel but not coincident, then the

14
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misalignment is said to be parallel (or offset)
misalignment.

Misalignment is common due to poor
alignment practices or because of thermal
growth, shifting foundations, pipe strain, etc.
The vibration does not always change in
predictable ways when shafts are
misaligned.

Parallel misalignment produces both a
shear force and bending moment on the
coupled end of each shaft. Spectrum
measurements are very useful; however it
can be confused with other faults. Phase
readings provide additional evidence.

Spectrum: We expect to see high peaks at
1X, 2X, 3X, and even 4X and 5X in the
radial direction due to the parallel (offset)
misalignment. 2X can be quite high
compared to 1X vibration. The presence of
3X, 4X, 5X etc. will depend on coupling type
and degree of misalignment.

The peaks may be higher in vertical at one
end of the component (e.g. motor) but
higher in horizontal at the other end of the
same component.

Phase: When comparing vertical and
horizontal phase readings, they may be
in-phase or 180° out-of-phase. Vertical
phase readings taken on opposites sides of
the coupling (e.g. motor drive end and pump
drive end) will be out-of-phase.

Waveform: The waveform will be a
combination of 1xTS, 2xTS and possibly
other sources and may therefore include a
"wobble" or take on the "M" or "W" shape.

BATH A, AXPAIS A T
ATAK

MR SEREAS AL . E Y O
PARRA LS, ARPRE

AT AN 2 X R (1 PR A (1 A g
AT A o R I AR AT 5
{EE e ] REATH e bR i o AHAZ R L
P it 5 2 AUk -

B 0T PAT AN, BATTSE 21X,
2X. 3X, HEE R AX. BX [4% ) IR 5
2X MHEL AX A PABE . 3X. 4X. 5X &5
R Il 2 T S R RUAS v IR R JE

FEARAE CAn LD (S T HLT A PR3l
R, A v, AP I5IEEK

AR = 5 S N R VA ¢ )
e 0 B 180°. IHli&s Il (bl
S AN YR B ) T EATA 232 S I o

IR A 1X, 2X S
EHARMNAL L, BTN M7 “W 7,
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Parallel Misalignment ) -Q (?_ ,

&

2X
1X

|
|
|
L

Radial

3X

0 1 2 3 4 5 6 7 8 9 10
Orders

2.2 Misalignment: Angular (Gap) ffi A%

Symptoms: 1X axial, small 2X axial, small 1X radial $F4F: 1X #lijf), 2X filia 4%/,
IX A2 /N

If the misaligned shafts meet at a point but WA a0 A T — SO A

are not parallel, then the misalignment is H. S 47 ik Iy 33 b b |
called angular or gap misalignment. ?;gm’ L IEFRAKS F BN 2 A0
N °
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Misalignment is common due to poor
alignment practices or because of thermal
growth, shifting foundations, pipe strain, etc.
The vibration does not always change in
predictable ways when shafts are
misaligned.

Angular misalignment produces a bending
moment on each shaft, and this generates a
strong vibration at 1X and some vibration at
2X in the axial direction at both bearings.

There will also be fairly strong radial
(vertical and horizontal) 1X and 2X levels,
however these components will be in phase.

Spectrum: We expect to see a high 1X
peak in the axial direction, and a small 2X
and 3X peak depending upon the "linearity”
of the vibration. There may also be 1X and
2X in the radial direction.

Phase: The components (e.g. motor and
pump) will be out-of-phase axially due to
angular misalignment. Measure axially on
the components on either side of the
coupling and remember to compensate for
sensor direction. The components are
likely to be out-of-phase radially across the
coupling.

Waveform: The waveform in the axial
direction will be dominated by the sinusoidal
1X vibration.

MR SEREAS AL . Y ) Ok
PRI A LA, AXTHIRE W, H5hA
X, P AR PR BIAN L T LA Y o

FAAXS P25 R A (P REAR Sl 7 2R S 5,
WAl AT Al 1) A AR AX A
BN 2X EAR .

el OKSPEMEE D =44 24 KK
X FT2X WEAE o {H I Se F 2 02 [ A
) .

At ATE B X IR S, 2X IR
fE/N, X BUTHRENM “ett” , mlRg
B2 AFEAE 1X F 2X,

L dF AT, PR CRUPLYK
2y AL KA ) )k ) ATVAE S g o
R IR Al g o ISP 1) B e AR R
ST TIAT IR o IERTh 5% 9 DA 1) AHA 2%
7 S f] o

I T i) 1X by 3 I BEB
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Misalignment (3-jaw coupling)
3X

1X

2X

8 9 10
Orders

3 Analysis Definitions: Rolling element bearings & 3/l 7k

Symptoms: Non-synchronous vibration and others 454iF: AE[AIEiRsh AL

There are a large number of fault conditions PREEh A =G IR %, . 1-4
that can be associated with rolling element

18
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bearings, including: stage one-four bearing
wear, lubrication problems, cocked bearing,
fluting/EDM, skidding, and looseness. We
have included information on each of these
possible fault conditions in this app.

Lubrication: Insufficient lubrication.

Wear/cracks/spalls: Damage on the inner
or outer race and damage on the rolling
elements. Damaged cages are harder to
detect with vibration analysis.

Fluting/EDM: Current passing through
bearing — washboard pattern etched on
raceways.

Cocked bearing: Inner race not true on
shaft or outer race not true in housing.

Excessive clearance: Due to excessive
wear or poor bearing selection.

Skidding: Rolling elements skidding over
inner race when out of the load zone.

Loose on shaft: Inner race sliding on shaft.

Loose in housing: Outer race turning in
housing.

Spectrum analysis is very useful, but time
waveform analysis should also be
used. High frequency  techniques
(Enveloping, Demodulation, PeakVue™,
Shock Pulse™ and Spike Energy™) are
very effective at detecting many of the fault
conditions.

Lubrication: High frequency vibration.

Wear/cracks/spallsHigh frequency
vibration initially, extending into lower
frequency vibration as the fault becomes
worse. Non-synchronous frequencies.

Fluting/EDM: Raised noise floor with peaks
in range 100-180 kCPM.

Cocked bearing: Axial vibration — phase
readings on face of component aid in the
diagnosis.

Excessive clearance: High harmonics of
turning speed (1X).

Skidding: Raised noise floor with peaks in
range 100-180 kCPM.

Loose on shaft: 3X peak with harmonics.

Loose in housing: 4X peak.

B BLIR b A B AT T W e K
R, $THE S #23).

® el AR

® PRI SUIF Tk P B8 AN B8 RTIR T4
1o PR3 AT W0 LA Fe 2 40 4 W e
B upi

L QSRS i PO 2 2P (TS B S
ZHEIRIE L.

L JLHEC VSR RO Ry A VAN
-5 ol AR 2 B AT

® [ [T e o B A AR R R

O fTHT: HfEARfEKIX, R TENIRIE
EATH

® NIBfAZ): Pyl EAE).
O SR EFAZ)): HhPELEHARAR N Fe 5

B o3 2 ARAT IR, Lt B A H
A o R (2% i
PeakVue™. Shock Pulse™ . Spike
Energy™) &I 2 PhahAciE B, W
JEARA I .

i ksl

PESAIZREUR T - WITT R = e sl, ik
PEAAH I, AR EARSRB. AE
P

HLd . 100-180KCPM i [ pA) Jos 3 e 75 e e
{H.

R A 7« i 1R e 30- 7] 7 T AR AT
iz Wi

(R RGRIE OR s LX) ey I A o
FIIE: 100-180KCPM 3 [l 4 Jos s A e 11 .
P REIAA S 3X IEAH 51 4
HNEIRAZN: AX IEAH
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St.!gL Dni_ 'u'Lr',l ngh Fn_qui_m:',' Stage Two: High Frequeancy
Ervvibuie. Demoduation amd 8ok alion Specium

shun, Splee Eneryy, Evvalogm

STHESS MOISE
w*u EMERGY

1X # 1X
Stage Three Hld Frequenqr Stage Three: Mid Freqguency
Specirum ana Irurw Spectrum ansiysin Outer rece feul

X  spFI 2xBPFI 1X BpFo  2xBPFO

§ Al M L ‘
S J

H Hz 1kHz 10 kiHz 20 kHz 40 kHz 00 Ha 1 kHz 10 kHz 20 kHz 40 kHx
Stage Three: Mid Frequancy Stage Four: Low Frequency
Spactiim anafyaie: fall or rolier il Spectrum analysis: Ouisr race Tasit

L il /N, LU

10 kHz 20 kM A kHz 1 kHz kHz 20 kHz a0 ke

3.1 Rolling element bearings: Stage one fault R4l : 55— Bl

Symptoms: Very low amplitude, very high frequency vibration 5¢4E: TE{EME, =R
)

At the first signs of lack of lubrication or VT A FE B AR AR A TR T A5 R AE A

minor bearing damage the vibration
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amplitude will be very low. The vibration
generated will be very high frequency;
possibly over 10 kHz.

Traditional spectrum analysis and time

waveform technigues will not detect the fault.

High frequency techniques such as
ultrasound may detect the Ilubrication
problem, and techniques such as
Enveloping, Demodulation, PeakVue™,
Shock Pulse™ and Spike Energy™ may
detect the fault in Stage One.

Spectrum: Only spectra from the high
frequency techniques will reveal a fault.

Waveform: Will not help in stage one

High frequency techniques: Enveloping,
Demodulation, PeakVue™, Shock Pulse™
and Spike Energy™ may be effective but
only if the filter is set correctly and the
accelerometer (or shock pulse sensor) is
correctly mounted.

PRSNIBAEARME o P2 A YR B IR A
T e 10kHzZ,

A RIS 3 AT RTINS S8 TR e R AN R I
U EIRE (AT T S N =l D SR
Tk, R4k, . PeakVue™,
Shock Pulse™ . Spike Energy™nJ L
o I 56— i Bl

P AT R BRI AT A4 e i 2
g .

Ik i ARS8 — K BL, B .

AR s A I B B s
JEAL DS () shock pulse f4/E4s) Z2%%
IEfR, . fiH. PeakVue™,
Shock Pulse™ . Spike Energy™ ] fig
AR
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Stage One: Very High Frequency

Airborne Ultrasound, Shock Pulse, PeakVue, Spike Energy, Envelope

STRESS NOISE
VE ENERGY

0 Hz 1 kHz 5 kHz 40 kHz

3.2 Rolling element bearings: Stage two fault iR zh#H#&: 55 kBl f=

Symptoms: Very low amplitude, very high frequency vibration %#1F: WEAEAK, &didk
)

As the bearing fault develops, techniques Rl 5 2 K R o e, A 2% AR 5 AR A

such as enveloping and demodulation will
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be more successful than when the fault was
in Stage One, however it is unlikely that a
linear velocity spectrum will indicate that the
fault exists. If the spectrum is displayed in
log format, or you use units of acceleration,
there is a greater chance of success.

The time waveform viewed in units of
acceleration will show signs of the defect,
especially when applied to slow speed
machines.

PeakVue™, Shock Pulse™, Spike
Energy™ can all be used successfully if set
up correctly and the accelerometer is
mounted correctly.

Spectrum: Only spectra from the high
frequency techniques will reveal a fault.

Waveform: May be effective. Most likely to
be effective on slow speed machines.

High frequency techniques: Enveloping,
Demodulation, PeakVue™, Shock Pulse™
and Spike Energy™ may be effective but
only if the filter is set correctly and the
accelerometer (or shock pulse sensor) is
correctly mounted.

PR — I B E A ] (B AR e i
W AN R . RS R I
J7 AT IR A, A B ) L
ST DN

TN S BN (1R B Sl T 4 A 7 e O A
JE, HEAE N HIAE R B

G R U v A BRI N A R A 2 d
1Effi, PeakVue™. Shock Pulse™ .
Spike Energy™#l&H H .

P A R BRI A4 e i 2
s .

AT s R REEAT R o AEARGE B
Frl R R

EAIRAR A B T A BRI %
#% (Y shock pulse 1 3s) 2R EHAN,
fiL#% . fi# . PeakVue™ . Shock
Pulse™ . Spike Energy™ ] LL& 4 %%
iR
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Stage Two: High Frequency

Envelope, Demodulation and Acceleration Spectrum

0 Hz 1 kHz 5 kHz 40 kHz

3.3 Rolling element bearings: Stage three fault: outer race sk : =

—HrB: ANRIE
Symptoms: Non-synchronous harmonics $#fiE: | [/ 251 47

When the bearing fault reaches stage three

the damage is more severe and will be PRSI BB S L
visible if the bearing is removed. The BT, WRR MR, IR AE
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velocity spectrum can be used to detect the
fault in addition to the time waveform (in
velocity or acceleration) and high frequency
technigues (demodulation, enveloping,
PeakVue™, Shock Pulse™, and Spike
Energy™).

If the damage is on the outer race there will
be an impact each time the ball or roller
comes into contact with the damaged area.
The amplitude should be constant, therefore
no modulation (or sidebands). If the outer
race is rotating there will be 1X sidebands.

Spectrum: Look for harmonics of a
frequency that is not an even multiple of
shaft turning speed (e.g. 4.31X). If the
inner race is rotating you should not expect
to find sidebands.

BPFI>BPFO>BSF>1X>FT
BPFI + BPFO = NB
Y,-(1.2/NB)
BSF~[(NB/2)-(1.2/NB)]
BPFO=(NB/2)-1.2
BPFI=(NB/2)+1.2

Waveform: Impacts should be visible in the
time waveform. You will need to have a
large number of samples and a small
number of shaft rotations to view the
impacts.

High frequency techniques: Enveloping,
Demodulation, PeakVue™, Shock Pulse™
and Spike Energy™ may be effective but
only if the filter is set correctly and the
accelerometer (or shock pulse sensor) is
correctly mounted.

WA o BR T ISR GAURE Blhnide s
AL Mm oK CRg% . il i,
PeakVue™, Shock Pulse™, and Spike
Energy™) , 1% 8515 1 HE W% i s

R K EAEANRIE, B2 T
BT, s Rk e R
PN, BB S G
WS e, i 1X A .

P B HAREUE A (I, 4.31X0)
. SRR b BT, AN
ZEEpuk) 8

I e : B E LReE 2rbd. X
FESUR R AR A % & A2, A ReE 2
Pt

A U e B A BRI
7% (8K shock pulse 1&/%4% ) 23 1IEHAR,
4% . fift il . PeakVue™ .  Shock
Pulse™ . Spike Energy™ ] LL& 4 4%
[
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Stage Three: Mid Frequency

Spectrum analysis: Outer race fault

1X BPFO 2xBPFO

0 Hz 1 kHz 5 kHz 40 kHz

3.4 Rolling element bearings: Stage three fault: inner race i ilik: %
B R

Symptoms: Non-synchronous harmonics & 1X sidebands #54F: JF1E X f5&1IX 4t

When the bearing fault reaches stage three
the damage is more severe and will be
visible if the bearing is removed. The
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AR R R 25 = Fr B, #i it b
BOWE T, AR MK, IR LRE

UK

velocity spectrum can be used to detect the
fault in addition to the time waveform (in
velocity or acceleration) and high frequency
technigues (demodulation, enveloping,
PeakVue™, Shock Pulse™, and Spike
Energy™).

If the damage is on the inner race there will
be an impact each time the ball or roller
comes into contact with the damaged area.
The amplitude will be highest when the
damaged area is in the load zone therefore
there will be 1X sidebands.

Spectrum: Look for harmonics of a
frequency that is not an even multiple of
shaft turning speed (e.g. 6.31X) with 1X
sidebands. If the outer race is rotating you
should not expect to find sidebands.

BPFI>BPFO>BSF>1X>FT
BPFI + BPFO = NB
FT=%-(1.2/NB)
BSF~":[(NB/2)-(1.2/NB)]
BPFO=(NB/2)-1.2
BPFI=(NB/2)+1.2

Waveform: Impacts should be visible in the
time waveform. You will need to have a
large number of samples and a small
number of shaft rotations to view the
impacts.

High frequency techniques: Enveloping,
Demodulation, PeakVue™, Shock Pulse™
and Spike Energy™ may be effective but
only if the filter is set correctly and the

accelerometer is correctly (or shock pulse
sensor) mounted.

o bR T B ITE R B hn i B By
FlEs AR (2%, iR, PeakVue™,
Shock Pulse™, and Spike Energy™) ,
JEE et 5 A % A

R R AR A N IRTE, AR T
B X, e AR . 2
P05 X ARAE N XN, R
by IX 17

P AR AR F X 3T Cn,
6.31X) YIS, W RAh& b AN ks,
A% B o

BB NIBOE EReE Blrh i K
FEPA R LI (0] BB A B, A feE 2
LT

A A S A BRI
#% (Y shock pulse fEi3s) 2R EHAN,
4% . fi# i . PeakVue™ . Shock
Pulse™ . Spike Energy™m] LLJ& %L
i
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Stage Three: Mid Frequency

Spectrum analysis: Inner race fault

1X Bpp]ﬂ 2xBPFI

0 Hz 1 kHz 5 kHz 40 kHz

3.5 Rolling element bearings: Stage three fault: ball damage 72 5/l 4 -
BB B Wi
Symptoms: Non-synchronous harmonics & FTF sidebands 451iE: E[A S iE&FTF
ki

When the bearing fault reaches stage three MRS K R = B, Pathimt bt
the damage is more severe and will be
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visible if the bearing is removed. The
velocity spectrum can be used to detect the
fault in addition to the time waveform (in
velocity or acceleration) and high frequency
technigues (demodulation, enveloping,
PeakVue™, Shock Pulse™, and Spike
Energy™).

If the damage is on the balls or rollers there
will be an impact each time the damaged
area comes into contact with the inner or
outer race. The amplitude will be highest
when the damaged ball is in the load zone
therefore there will be FTF (cage)
sidebands.

Spectrum: Look for harmonics of a
frequency that is not an even multiple of
shaft turning speed (e.g. 3.31X) with FTF
(cage) sidebands (approx 0.46X).

BPFI>BPFO>BSF>1X>FT
BPFI + BPFO = NB
FT=%-(1.2/NB)
BSF~":[(NB/2)-(1.2/NB)]
BPFO=(NB/2)-1.2
BPFI=(NB/2)+1.2

Waveform: Impacts should be visible in the
time waveform. You will need to have a
large number of samples and a small
number of shaft rotations to view the
impacts.

High frequency techniques: Enveloping,
Demodulation, PeakVue™, Shock Pulse™
and Spike Energy™ may be effective but
only if the filter is set correctly and the
accelerometer (or shock pulse sensor) is
correctly mounted.

BOmE T, wRAR R AA, WHIRREE
ARG o B T IR GRS B 5
B Mim oK CRg% . il il .
PeakVue™, Shock Pulse™, and Spike
Energy™) , a0 & it fE W 2 W

IR KB AR T b, IR A X
AN RIESANRIE, e Ak
e MR THEAMBXN, RS
ki, PTLLef FTF 3490

Ak A ARIEEE A (n, 3.31X)
+FTF 47 (Z47 0.46X) 4,

I B ERER B R
FEMURFURAER A% B A B, A ReE 2
ity

AR s A PR R B A BRI
#% (X shock pulse 1E/g3s) 3 EHAN,
fl 4% . f# i . PeakVue™ .  Shock
Pulse™ . Spike Energy™ ] L& 24
1] 6
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Stage Three: Mid Frequency

Spectrum analysis: Ball or roller fault

1X
BsFr ZXB; 3xB

0 Hz 1 kHz 5 kHz 40 kHz

3.6 Rolling element bearings: Stage four fault J&zh#l7k: 55 VUK B ke
Symptoms: Non-synchronous harmonics & noise [/ 5154518 Mg 75

When the bearing fault reaches stage four MR R A R SR U B, Bk T B

the bearing has significant damage and Bt 45 A 2 2 ;
should be replaced. The calculated forcing WA, PIZSE S R AR
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frequencies may change due to changes in
geometry. With time the tell-tale harmonics
and sidebands may disappear. Instead the
noise floor will rise up and methods such as
Shock Pulse™ may trend downwards. As
the clearance in the bearing increases due
to wear, you will see signs of looseness (1X
harmonics).

High frequency techniques become less
effective as the condition worsens. Overall
levels will increase, and the velocity
spectrum will show the fault clearly.

Spectrum: Expect classic non-synchronous
harmonics and sidebands to
disappear. Spectrum will become very
noisy — the noise floor will I[ift up
("haystacks” will appear in certain
areas). As clearance increases, look for 1X
harmonics.

Waveform: As vibration becomes noisier
and more random, the waveform will also
become noisier and less useful.

High frequency techniques: As the
damage becomes more severe, the
periodicity is lost, and the high frequencies
are no longer generated. The noise floor of
envelop spectra will rise up and swallow the
peaks. Shock Pulse™ and Spike Energy™
may trend downwards.

JURITEAR A2 T A8 4k, B DA B e
O . BT IR AR, ST I A
RN RE ST R . MR TR 2
ik, 1 Shock Pulse ™3 2345 /N
M T EE L, BRI RS ARR, Re
FIFABHIERAE (IX S

Bt S, R AR AL AR AT R
EME SN, W] B B

Bk TS BHERDD ISR &
T R o AT RGO S ke (o RHE”
S o TR, A
F IX 4.

ISP s YRR, 17
RMK, NS E M = Ak, &

KA

AR s A ek ) L, R
MWK, A mi. kK
R P 2 46 & JF WE W I {H . Shock
Pulse™ . Spike Energy ™ &3 H [
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Stage Four: Low Frequency

Spectrum analysis: Outer race fault

1X

A

0 Hz 500 Hz 1 kHz 10 kHz 20 kHz 40 kHz

3.7 Rolling element bearings: Cocked bearing: on shaft J& sk i
Wik el b

Symptoms: 1X, 2X, and 3X axial £FfE: 1X. 2X. 3X i

A cocked bearing, which is a form of S A AR T —REst, &g
misalignment, will generate considerable
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axial vibration. Peaks will often be seen at
1X, 2X, as well as 3X.

The bearing can be cocked on the shaft or
in the housing. If it is cocked on the shaft
then it will "wobble” as it rotates generating
a rotating vibration — phase can detect this
vibration.

Given that there is such a strong axial
vibration, it can be confused with
misalignment, and with unbalance in an
overhung pump or fan. The presence of
peaks at 2X and 3X would indicate a cocked
bearing condition over unbalance however.

Use phase to accurately diagnose this
condition.

Spectrum: Look for a raised 1X and 2X
peak. Phase is the key indicator.

Phase: Take readings at 12:00, 3:00, 6:00
and 9:00 (or at any four positions 90°
apart). The vibration amplitude should be
similar at those positions but the phase
should change by approximately 90°. You
can do this with a two-channel analyzer by
comparing 12:00 to 3:00, and then 3:00 to
6:00 etc.

FH 2RI E ) PR3l , S 2] XL 2X
LA 3X.

Bl T UAE B ATl AR A A
R R AR AR R b, ek <Pt
27, AR AT DR 2% 4R 5 .

% &R e P AR K Il e iRzl %
SRIAKT L BB e T AN R AR TR
HAME 2X, 3X fiRashliA i, 1
AEATAT

A FHAR AL W] LURS A2 Wizl b o
Bl AE IX. 2X, AR OCERTR .

AT . 7F 12:00, 3:00, 6:00 ,9:00 Jj [

(EATMTAHZE 90 DU T7 ) RAESL
i, PRBNRE N AT, (RS
2 90°, AT i FH SUHE 18 A 2 T RE
¢ 12:00 - 3:00, 3:00- 6:00 [#JFHAT o
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Cocked bearing inner race

1X 2X
3X
0 1 2 3 4 5 6 7 8 9 10

Orders

| ™

3.8 Rolling element bearings: Cocked bearing: in housing & sh#h#k: 3
AR HlARAE A

Symptoms: 1X, 2X, and 3X axial f#fik: 1X. 2X. 3X i

A cocked bearing, which is a form of AR AR EAS I —RER, &rr4g
misalignment, will generate considerable

Wi s 1
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axial vibration. Peaks will often be seen at
1X, 2X, as well as 3X.

The bearing can be cocked on the shaft or
in the housing. If it is cocked in the housing
then the vibration will more closely mimic
misalignment. There will be two points on
either side of the shaft on the face of the
component where the amplitude will be
highest and the vibration will be 180°
out-of-phase.

Given that there is such a strong axial
vibration, it can be confused with
misalignment, and with unbalance in an
overhung pump or fan. The presence of
peaks at 2X and 3X would indicate a cocked
bearing condition over unbalance however.

Use phase to accurately diagnose this
condition.

Spectrum: Look for a raised 1X and 2X
peak. Phase is the key indicator.

Phase: Take readings on the bearing
housing around the shaft and find the
highest amplitude. Measure on the
opposite side of the shaft and look for
approximately 180° phase
difference. Phase readings taken 90° from
those points will not exhibit a 180° phase
difference across the shaft.

FH 2RI E ) PR3l , S 2] XL 2X
LA 3X.

il R A DUAE R AT Sl AR A R A
U SR & A SR A L, PRsh AR
FLEAK . SR 5, R
MEAE &S B K, FHAL 2= 180°,

% &R e P AR K Il e iR 5l b
SORIAKT L BB e 7 AN R A TR
HAHE 2X, 3X < fiRashliA i, 1
AEA-r

A FHAR AL W] ARG A2 Wizl b o
Bl AE IX. 2X, AHALI OREER TR .

FAAL: Gt R AR H AR FA 0 50 s, $k3
BONRE S, PSR 5 —0, A7
=2 180°. MK EL (¥ 90° 75 [a) I & (KA AL
ZEAE I 180°,
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Cocked bearing outer race

1% 2X
3X
0 1 2 3 4 5 6 7 8 9 10

Orders

3.9 Rolling element bearings: Fluting EDM & #l4&: Hiih

Symptoms: Series of peaks commonly between 100k CPM and 180k CPM 41k

100k CPM-180k CPM 2 [f)<x45 — &A1 WLIGAH

Current passing through the bearings will F I oL A i =3 R . [y
damage the bearings. A rippled pattern will
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be left on the bearing raceways as arcing
occurs.

The spectrum will have a series of peaks at
high frequency separated by BPFO.

This condition is common with DC motors
and now with VFDs as well.

Spectrum: Often there will be a series of
peaks that will rise up at a high frequency,
commonly between approximately 100,000
CPM and 180,000 CPM (1600 Hz to 3000
Hz). The peaks are commonly spaced by
the outer race BPFO frequency. It is
believed that the vibration is exciting a
resonance.

Waveform: The fault will be indicated, but
the spectrum is the best tool.

HFD: Depending upon your filter settings,
the HFD techniques should indicate that the
bearing is emitting a higher level of high
frequency vibration.

A, PEAHR P R ZI e Sl R R L
Ainkrh,  EAE{E A S BPFO.,
XS AE B LR VED AR S
(K BE2e FARH W

HiiE . 75 =2 1600 Hz to 3000 Hz At,
SR RYVEE T . e AF R (7] Bl
o BPFO (Rl AMNRIE =R ) .
KEWNN, "SI T

NI TE . & B, (HREE 5
B LA,

HFD: T8 iR E. s ARSE
FNHH AR EAE A A ) S AR )
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Bearings: Fluting

100,000 CPM 180,000 CPM
E e

BPFO

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Orders

100,000 CPM 180,000 CPM
% >

BPFO

3.10Rolling element bearings: Rolling elements skidding & zh#li&: &1
AR

Symptoms: Elevated noise floor plus BPFO or BPFI peaks protruding above noise

floor FF1E: FEFRAC AR - 2F BPFO &Y BPFI g1

If a bearing is correctly selected for its R AR E R A, VEWEFE S TAE.

application, and the lubricant is functioning
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correctly, and there is adequate load on the
rolling elements, then the rolling elements
should continuously roll around the
raceways. However it is not uncommon for
the rolling elements to slide or skid from
time to time when these conditions are not
met. This is more common on non-drive-end
bearings, especially on vertical machines,
and far more common with cylindrical roller
bearings (as against deep groove ball
bearings).

You may hear the skidding occurring in the
bearing, and you should look in the
spectrum for an area of elevation, typically
between 100 kCPM and 180 kCPM. Peaks
of BPFO or BPFO may also be amplified in
this region.

Spectra: Look for the raised noise floor in
the region of 100-180 kCPM with BPFO or
BPFI peaks protruding above the "hump”.

Tip: Give the bearing a shot of grease to
see if that makes a difference. Listen for
the skidding sound - it may be
intermittent. You may observe a difference
if the temperature of the bearing varies (due
to environment or operational changes) as
the viscosity of the lubricant may change.

Waveform: Look for signs of skidding.

IR: You may be able to detect a
temperature change with a spot radiometer
or IR camera.

HFD: Depending upon your filter settings,
the HFD techniques should indicate that the
bearing is emitting a higher level of high
frequency vibration.

Visual: When you replace the bearing, look
at the surfaces for tell-tale signs of skidding.

RN, BARTRREREES:
iBHe . B AN, R TR
AR I AR B 4l ARAIR & WL, %5
b PR ERYACE W' o W £ A7 (B
el ERe R VG U

M ARSTIE IS, RO RESWT R, KA
1600 Hz to 3000 [X I [FIE L i 5 . 7E
X1k, BPFO B{ BPFI i] B8 I8k

Bk, Ky 7r 1600 Hz to 3000 [X Ik #4i
(K HBME R, F “LRig” |45 BPFO
BPFI 53 .

SR SRR R, B AT
o MWT AT IR 2, Al e R .
P RS ARG P R AR A, I i TR
N G Qe % (2 S U SO U
BT OLAT 2200 o

ISk I BRI AL

IR: A H £ 4 LA il LA )3
AL

HFD: B Fuedi &, miioRa
AR TEAE A v i L ) R AR 5 o

PR RS Hdhki, BF 7R 13RI,
w LUE ST IS
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Bearings: Skidding

100,000 CPM 180,000 CPM
L 2

eRziitis

0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Orders

100,000 CPM 180,000 CPM
< >

A

3.11Rolling element bearings: Inner race sliding on shaft A sh4liz&: KN

Symptoms: Raised 3X peak with harmonics $F1iE: 3X I§(H K i

If the bearing is not installed correctly, the RS AR AN EG, B N BB o] fE

inner race may slide on the shaft —i.e. not
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always turn at the same speed as the shaft.
Depending upon the nature of the sliding,
the vibration spectrum may have an
elevated 3X peak and there may be
harmonics of the 3X frequency. If the sliding
motion is intermittent, i.e. it slides a little
then stops, slides a little then stops, then
you may not observe the change in the
spectrum. However if it is constantly sliding
then the vibration pattern should change
accordingly.

Spectra: Look for the high 3X peak and
harmonics (6X, 9X, etc.).

Visual or strobe: If it is possible to view the
bearing in the machine (by removing a
cover if necessary), you can use a strobe
synchronized to the shaft speed to see
whether the inner race is consistently
turning at the same rate as the shaft. If the
machine can be stopped then you may add
a mark on the shaft and the inner race to
determine whether there is relative motion.

Waveform: Time waveform analysis can be
used to detect the condition, especially if the
movement is intermittent.

When you remove the bearing check the
shaft and the inside of the inner race for
tell-tale signs of sliding.

- RV A el R A fh 2z i) f1 3 B AN 2 A
[lo RAEHEMES, R ham
X UEEAE B AT I R A m) B 1
Wlid, 1, WEEE,
s RJEtE Il B ALERTE T E A S
A (HRERWAR HIE, A AHRD)
A 22 AT DV PR SR

Wi Ak 3X IR LM (6X, 9X, %)

IR BN A - 2R nl e 31 6 L
iR CUnRABEE, PRk »
INASCIR] 2D B e Al 1, AN A R R A
HE A — HAH R o R B AT LU,
I AAEF AN P LA, A2
A MxE3).

I I - I il LA 2 e
Rl i sl 2 1 Bk o

PRI IR, AR AR . B
BIFABh LS o
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Bearings: Loose on Shaft

3X

1X 6X 9X

2X 18X

5X
ax P l

D 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20
Orders

3.12 Rolling element bearings: Outer race loose in housing & sh#HK:

Ah el
Symptoms: Elevated 4X peak FFfif: 4X WAE T =

If the bearing is not installed correctly within R 2 AT, A B R A A& B

the housing, the outer race may move AP [ A Sl BB . 4
relative to the housing; it may begin to spin FIHBRAN S, TS Tl mT AR TR AR
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and even "rattle” within the housing. The
peaks at 4X running speed may be elevated
when this occurs.

If it is possible to view the bearing within the
machine (by removing a cover if necessary),
you will be able to see if the outer race is
moving relative to the bearing housing. If
the machine can be stopped then you may
add a mark on the housing and the outer
race to determine whether there is relative
motion.

Time waveform analysis will also indicate if
the outer race is loose in the housing.

When the bearing is removed, the outside of
the outer race should be observed for
tell-tale signs of looseness.

a5l fEHIARA, B RER TG e,
A Sa Y GR N TN e S R PRV L
LR AT, AX WEAE R fess T .

UR AT REAR BB LI B & Cln s
2, POTHIRED RS BIHTA SN
CECHVEC P iy et E b p e R (N
AN P e A5 — E AR AR n]
LIASHL, IR AFE Sl AR AN b Pl A b
i, YGRS ANIES),

I 3B 70 M AR BE i 7~ e AR A1 Bl 717
=

MEHERA, EEIME, REE AN
WS
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Bearings: Loose in Housing

4x
1X

3X 5X

2X 6X
7X

0 1 2 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20
Orders

4 Analysis Definitions: Looseness ¥4 3)

Symptoms: Rotating: 1X harmonics / Structural: 1X horizontal / Pedestal bearing: 1X,
2X, and 3X vertical F¢fiE: BEELTSAT: IX WEAEEHE . IX ACTIHIA A : 1X. 22X

3X T
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Rotating looseness is caused by excessive
clearance between rotating and stationary
elements of the machine such as in a
bearing, while non-rotating looseness is a
looseness between two normally stationary
parts, such as a foot and a foundation, or a
bearing housing and a machine.

Structural looseness, or looseness between
a machine and its foundation, will increase
the 1X vibration component in the direction
of least stiffness. This is usually the
horizontal direction, but it depends on the
physical layout of the machine.

Spectrum: Each type of looseness has its
own special characteristic.  Rotating
looseness will generate a large number of
harmonics and may cause the noise floor to
rise. Structural looseness will not cause
harmonics unless there is impacting -
simple "weakness” or “flexibility” will
generate high amplitude 1X peaks in the
direction of least stiffness.

Phase: Phase can be a very useful
tool. Rotating looseness  generates
"random” vibration, so the phase is
erratic. Structural looseness will often have
one component vibrating (the foot of the
motor) and one stationary (the foundation) —
you can therefore look for a 180° phase
difference between the stationary and
vibrating component.

Waveform: The time waveform is also
useful.  Impacting is quite obvious,
especially when viewed in acceleration,
whereas structural looseness will be more
sinusoidal.

HFD: Impacting will generate stress waves
and excite natural frequencies in the bands
used by demod/enveloping/PeakVue, etc.

Jog e B FARA Bl 2 Ve 6 (M B s A L A
)BT K3 R, Gl oA e
Bt AR PR A ERR S, i i R
JIG B AR AN B 5 2 T

GikRAS, BB HIERAS, FENIEEAR
AN AX PREN AR K. K
ST, IR (1 2T AT K

P - RERPRIU AR ST B CIHFE
B i RA B P A KR AL, I ]
e T EUR AR F it . giinah A
PRI, BRARAT - W /N 3 1)
IX PR K.

AL AHAEIRA B TR it
ABhas et “BENL” PR3N, B CAAHAL 2
AFEE M) o SERIRR BT — AR
g) CRRALHBIED , 3 —ANil OB .
Bt AR BE 21 i 1 AR B 5B (1 AR A 22
& 180°,

ISk I N R ARAT Y JEH
FER IR L AL, pholi SEWLE . i
LRIRA Bl IE DY o

HFD: o 25 7 A2 BEAUBL A 118 s 7 AT
Wk SRR, w] LA e 1/ £ 2% 1

PeakVue %,
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Looseness: Structural

1X

0 1 2 3 4 5 6 7 8 9 10
Orders

Looseness: Rotating

1X

2X

3X

4.1 Looseness: Rotating looseness ¥A%): JEf 1t

Symptoms: 1X harmonics radial (0.5X harmonics when severe)$fif: 1X 4044 i)

(= HI 0.5X)
Excessive clearance in journal (sleeve) and YVE s AR s A& R B R, 2
rolling element bearings will produce FEAE IX R, BLEGRE R T pe A

harmonics of 1X turning speed that can
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extend, in some cases, above 10X.
Impacting can cause the noise floor to rise.

Looseness in rolling element bearings can
occur after significant bearing wear and may
be observed during Stage four of the
bearing fault.

Excessive journal bearing clearance can
produce harmonics of 0.5X. They are called
half order components or sub harmonics.
They can be produced by rubs and severe
impacting. Even 1/3 order harmonics are
possible.

Spectrum: Rotating looseness will
generate a large number of harmonics and
may cause the noise floor to rise.

Phase: Rotating looseness  generates
"random” vibration, so the phase is
erratic. It is important to view the phase
reading "live” so you can see if the phase
reading (relative to the tachometer or
relative to another point on the machine) is
steady.

Waveform: Impacting is quite obvious in
the time waveform. It is best to use units of
acceleration (g’s or mm/sec?).

HFD: Impacting will generate stress waves
and excite natural frequencies in the bands
used by  demod/enveloping/PeakVue,
etc. Therefore you should expect to see
harmonics of 1X turning speed in your
demod/envelope/PeakVue etc. spectrum.

10X, s AE S BUR e A AR

FEVR Bl ™ B P45 AN 28 DU B Bl
b R AR S

W S A TR BRI K2 =42 0.5X. Rk
ANV A5 A o X A phy R4 ™ () o
PR, EEARE A 0.3X,

P R HR AR Bl 2 AR KRR S
AL 10 JER I 7

FAGL: el she “BENL” Hezh,
P LI AN E 1o SEI AR AL B2
TRUEAR BB CREdiAL [ AT T3
DI

B E s B e b b IR, B
U NG BE Ay . (g's 5% mm/sec?)

HFD: s & 7= A BB Y I Hs 77 il
WoR PR, a CUAS g R A 4%/
PeakVue 4. FT A4 TE g0 4 F 2
X S
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Looseness: Rotating - Noise

1X

2X

0 1 2 3 4 5 6 7 8 9 10
Orders

4.2 Looseness: Structural looseness ¥A%f: 45 fFA 5
Symptoms: Structural: 1X horizontal $5fF: £5fy: 1X /K-F

This form of looseness is caused by XA IR S RN EAR S (K
weakness in foundations (e.g. failed grout or

YR E N He o VR T 2L L), s 4% 2
cracks in concrete bases), cracks or other PRI EGR AL A8, B RS
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forms of weakness in machinery mounts,

base plates, hold down bolts, etc. This
weakness allows the machine to vibrate
more freely in the direction where the
weakness is greatest (often horizontal),
therefore the vibration at turning speed will
be elevated.

Unbalance, structural looseness and
resonance can easily be confused. See the
"Additional tests” page to learn how to
differentiate them.

Foundation flexibility or looseness can be
caused by loose bolts, corrosion, or
cracking of mounting hardware. Note: If a
machine has resilient mounts, then the
vibration will always be greater in the
horizontal axis.

Spectrum: Structural looseness will
generate a strong 1X in the direction

ofgreatest weakness — unless there is
impacting, in which case there will also be
harmonics. To distinguish

looseness/unbalance/resonance: If 1X
horizontal more than twice the amplitude of
1X vertical, looseness is suspected. If that
amplitude ratio changes when the machine
speed is changed then resonance should be
suspected.

Phase: Structural looseness will often have
one component vibrating (the foot of the
motor) and one stationary (the foundation) —
therefore look for a 180° phase difference
between the stationary and vibrating
component.

Waveform: The waveform will be quite
sinusoidal (in velocity). If there is any
contact, the top and/or bottom of the wave
may be truncated.

20, R, BRMEERIE . WIEAR
CHH K )y, B UEH
HIPRS), BTl AX B s A 2 T

AT GERIFA BN IR IR 25 5 TRV o
T “Additional tests” HBEATIX 43

PRSI R . JE . TR, WL
P EUEMAZ R SR B A B . TR AR
B SRR ILA, 82K ) PR s))

| = AN
Ko

B SRR BN A A N 1 T
AR K X FONR - AR ey, SR
B A

XHRRBIAS VTR T X 70 W2k 1X
AKVIRAE>2 {53 H, W PREEEAS). W
R RAARNT, MR AR A E ) A A vk
2T, gk,

AL : SERIRABNAEAE R — AT IRl
PLHLIED 55—l OB o Bl
TRAEE B LE AR 2 J A A A AL 22 2
180°.

NSRBI I R I es GHE

RED o WERATARAT B, B T B
JEEFR 2 R o
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Looseness: Structural

1X

7 8 9 10
Orders

4.3 Looseness: Loose pedestal bearings f45l: #ili& A5
Symptoms: 1X, 2X, and 3X radial £#fE: 1X. 2X. 3X {21

This is a unique form of looseness caused

by cracks in the bearing pedestals, | e UL N e O 2
y cracks in the bearing pedestals, loose G A s P
pedestal (pillow block) bolts, or faulty MBS ay, SibBOX P e X AA )
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isolators. The vibration will have a strong 1X
and 2X component due to the motion
generated by the machine. The 2X peak
may be higher than the 1X peak which may
lead you to suspect misalignment. In some
cases a 3X frequency will be generated, as
will fractional-frequency vibration (1/2X,
1/3X, 1/4X, etc.).

The spectrum will have components at 1X,
2X and 3X (but often no more harmonics),
with a 0.5X peak in more severe cases.

Phase can again be used to verify this
condition as it will be erratic.

Spectrum: Look for 1X and high 2X
peaks. 3X, and sub-harmonics (1/2X, 1/3X,
1/4X, etc.) peaks may also be present.

Phase: Phase will not be consistent due to
the vibration motion generated (as opposed
to misalignment which will generate a
steady phase relationship).

Waveform: Due to the motion generated,
the waveform will show that the vibration is
not constant from cycle to cycle. This is
most easily observed in units of velocity and
when you can see 10-15 cycles of rotation.

H T & R AENES, Sr74ARK X,
2X MEAE. T 2X e Al ekl X TEfd
K, HHREE AR, R,
24 3X, I WARSR S (172X, 1/3X,
14X Z5) &

B 247 AX. 2X F1 3X (BAFEAE
WA, PERSAH 0.5X,

FADL I ANEEE 1 o

At A E IX FEIRER 2X 87 3X,
WAZAT (172X, 1/3X, 1/4X 2) A] G2 H L,

Mz mFieshia, AL =R
& CiAS 2 AR R ARG o

Wk e mTiEsh i, R EA
2 IR R . R4E 10-15 AN
W, ISR RN, ERGEE.
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Looseness: Pillow block

2X
1X

4 5 6 7 8 9 10
Orders

5 Analysis Definitions: Resonance 34

Symptoms: "Hump" or high peak in spectrum typically in one direction only %#1iE: “Z¢

W S A FLE— A7 AT AT R (e

Resonance is very common in machines, FEYRAE W 25 P 28 S HE g A TP AR o L
and the structures supporting machines.

adial

.

R
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Resonances amplify vibration at the natural
frequency and ~15% either side.

If the natural frequency is close to the
turning speed of the machine, the amplitude
at 1X will be high, and the area around the
base of the 1X peak will be amplified.
Unbalance, misalignment and other
conditions will further amplify the vibration.
Natural frequencies at other frequencies
may be amplified by pump-vane rate,
bearing wear and other conditions.
Resonances increase vibration levels and
reduce machine life.

Spectrum: Strong peak at natural
frequency. The base of the peak will also
be elevated. Machine and process noise
can excite a natural frequency causing large
"humps” to appear in the spectrum.

Additional tests: A variety of tests exist. |If
you vary the machine speed, the vibration
amplitude will change if it moves closer
(increase) or further away (decrease) from
the natural frequency. If you monitor the
phase at the frequency exciting the natural
frequency you will see a 180° phase
shift. Bump tests can indicate the
frequency of natural frequencies. Many
other tests exist: modal analysis, Bodé tests,
ODS, and more.

R TBOR B AT IR £15% A (1930 o

U SR A7 R B IR, T4 1X
i (2 AR iy 1X BRI IR I A s K
Ko AV AR A E il fE 2

DTERIRBN . FE IR R A PR 2
W Pram el SR L Bl BRI
JBOK o JCAR S HINeAer, b a6 75 4 o

A [ R A ORI, WA
R h . WA T 2 g ]
DLIOR [ A, S 30nE A k)
“Oplg”

LaEyE0) Y R NP d S R W (1 B 7 ST
DIARTH, B2 deahimfia b, FEllb
HHRR (WK s g Qg .
N IAHS, &I 180°48 4k . il
MAA T LAFR 7R A R 30 g il
Tk BT, K, TAERIBSr
I
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Resonance (at 1X)

X
0 1 2 3 4 5 6 7 8 9 10
Orders

5.1 Resonance: Excited by fluting/EDM 4% il i ke

Symptoms: Series of peaks commonly between 100k CPM and 180k CPM100k
CPM-180k CPM Z [ 2317 — F A1 H WIS AH

If the machine generates high frequency MR ST A e sh, A5 G HE
vibration the any natural frequencies are ] BE B ik
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likely to be excited. It is not uncommon for
there to be a natural frequency in the range
of 100,000 CPM (1650 Hz) and 180,000
CPM (3000 Hz) which will be excited when
there is fluting (EDM) due to current passing
through rolling element bearings or when
the rolling elements skidding between the
races. In both cases you will see the noise
floor lift up with peaks protruding at (typically)
the BPFO or BPFlI bearing defect
frequencies.

Please also see the section on fluting and
skidding, but also consider cavitation and
dirt ingress.

Spectrum: Often there will be a series of
peaks that will rise up at a high frequency,
commonly between approximately 100,000
CPM and 180,000 CPM (1600 Hz to 3000
Hz). The peaks are commonly spaced by
the outer race BPFO frequency (sometimes
BPFI). It is believed that the vibration is
exciting a resonance.

Waveform: The fault will be indicated, but
the spectrum is the best tool.

HFD: Depending upon your filter settings,
the HFD techniques should indicate that the
bearing is emitting a higher level of high
frequency vibration.

M Hl L (EDM) BIR T I, 1650
Hz-3000 Hz i [ 1 [ A A 4 o AR
e XWAEOLR, URATLUE BI7ESR
R 1T, 45 BPFO o BPFI I
.

WSHE AR T, EH5E
PRAEE A KA o

Hii . 75 =2y 1600 Hz to 3000 Hz At,
SR RYEE T . e AE R (7] Bl
W ok BPFO (5 BPFD o KFKAN,
ZR BN T MR

iy

NI . & BonibE, (A
B LA,

HFD: T8 ixE. @A E
ANl A AR A SR AE ) S AR )
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Bearings: Fluting

100,000 CPM 180,000 CPM
< B

BPFO

01 2 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20

Orders
100,000 CPM 180,000 CPM
< >
BPFO
5.2 Resonance: Excited by bearing skidding J:4&: 1 #4ik

Spelft";]m: O{Iter) there will ht_)eha:c series of R . £F =44 1600 Hz to 3000 Hz 4b,
peaks that will rise up at a high frequency, A . 5 P T
commonly between approximately 100,000 i%ﬁ ARIYIEAETHE o R [R]T] BT
CPM and 180,000 CPM (1600 Hz to 3000 i, BPFO (5 i} BPFD)

Hz). The peaks are commonly spaced by
the outer race BPFO frequency (sometimes
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BPFI). It is believed that the vibration is
exciting a resonance.

Waveform: The fault will be indicated, but
the spectrum is the best tool.

HFD: Depending upon your filter settings,
the HFD techniques should indicate that the
bearing is emitting a higher level of high
frequency vibration.

Bearings: Skidding

ZiRalHE T3k,

NI 2 Wonilihe, {H IS e i
HRM T H,

HFD: Bk TUE & E . SRS E
TN AR AR A e IR AR I AR B) .

100,000 CPM 180,000 CPM
2

i

01 2 3 45 6 7 8 9 10111213 1415 16 17 18 19 20

100,000 CPM
P

Orders

180,000 CPM
3
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6 Bent shaft: Bent Shaft 475

Symptoms: 1X (and often 2X) axial £¢fE: 1X (FE4E 2X) il

The shaft may bend due to excessive heat
(see also shaft bow), due its length
(catenary sag), or it may be physically
bent. A bent shaft predominantly causes
high 1X axial vibration. The dominant
vibration is normally at 1X if the bend is near
the center of the shaft, however you will see
2X vibration if the bend is closer to the
coupling.

Vertical and horizontal axis measurements
will also often reveal peaks at 1X and 2X,
however the key is the axial measurement.

Phase is also a good test used to diagnose
a bent shaft. The phase at 1X measured in
the axial directions at opposite ends of the
component will be 180° out of phase.

Spectrum: Look for a high 1X peak in
axial. If the bend is close to the coupling
then you will see a higher 2X peak. You
may also observe higher than normal 1X
and 2X peaks in the radial direction.

Phase: Phase measurements taken axially
on the bearings at each end of the shaft will
be 180° out-of-phase. If phase readings
are taken on the face of the component
around the shaft you should find that they
are all in-phase — the shaft will appear to be
moving back and forth axially.

Waveform: The time waveform is not the
key indicator, however a sinusoidal
waveform is expected in the axial direction if
the vibration corresponds to 1X, or there will
be a "wobble” (and possibly an "M” or "W”
pattern depending upon the phase angle) if
the bend is closer to the coupling.

el neh TR s (SHD , K&
(Bl M) s PRA I, ARE i,
B B2 AX b dRsh. AR hk
T L, RSN X AR i

BB A% IR B 2X Jkal

T FAACE 5 [ I HE AT 21X, 2X
WA, L S B A il 1) A

FARL P ARAZ Wi 25 AR IR oS4
Bl (R B AR (81X Bl TR AR 22 180°,

M. AH N 1X, s e e
s, REER 2X HE. IRIEFERI
120 X 2X AL 5

R S e Tl 1) Tl 7K el 1) AT AL 22
180° . [7l &l 7 sy 1] F14) ek 1) A ASZ [ AH -
by B 1) R 1B B

NSRBI NBIEA L 4R R A
At 1X, ISR S IR e . B
R ML, <AEE (M7
"W R ARI R AL 1D
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Bent Shaft 9| LEGenD |

1X
2X

Axial

0 1 2 3 4 5 6 7 8 9 10

Orders
il -
e &
7 Cavitation: Pump cavitation /it 250
Spectrum: Look for the pump around the B, IR A Ik i b A 2
PV peak and look for the noise floor to rise T 5 T 2 S A 1 R it 7

up in the higher frequencies. This is easier
to see in an acceleration spectrum.
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Waveform: Look for random bursts of I e SEMYUKMP I EEE. 4k

energy. The waveform will need to cover whE 1.2 [HIE© S Jab S T - R T
10 seconds or more as the bursts may be Az 1 33/ IR, - IR T R i 22
1-3 seconds apart. 10s B

Audible: If you listen to the vibration, it can . WERAARTIRED, PR E A
often sound like gravel in the pump. =R

Cavitation

1X VP

0 4 8 12 16 20 24 28 32 36 40
Orders
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8 Journal bearings &z #l 2

8.1 Journal bearings: Wear/Clearance #5#h#lizk: BEH/] B

Symptoms: 1X harmonics 451 1X &4

When there are clearance problems in
sleeve (journal) bearings, you should
observe a harmonic series with a
fundamental frequency of turning speed.
The forces will generate noise which can
excite natural frequencies (resonance),
therefore the noise floor may be raised.

In more severe cases, half-order and even
one-third order harmonics will be present in
the spectrum.

Spectrum: 1X and harmonics. Noise floor
may lift. Half-order and one-third order
harmonics may also be present.

Waveform: The time waveform would
indicate that there was excessive clearance.

Orbit:If you are using data from
displacement probes (e.g. proximity probes),
make sure that you are not looking at
filtered data when you view the spectrum or
waveform.

T B AR I TR BRI K, AR A% 2
IX BB A Pl g2 7 I 7 n ] LA
Bol A s R, ISR
AR

R E LT, g2 L 0.5X
F10.3X.

A AX MO, T R . 0.5X
1 0.3X £ HE7E

ISP I 2 o 7n ik TRl Bt
Ko

BB AR IR AL s, &

WGBTS, HIRAIEDE B Z 5 (1)
i

61



VIBSOSIEF Mobius institute:ﬁ\‘ggjrz[\i%l iAgflysis Definitions M/ 2

Journal Bearing Looseness

1X
2X
3X 4x 5X 7X
Elx 8 9X
L)
0 1 2 3 4 5 6 7 8 9 10
Orders

8.2 Journal bearings: Oil whirl ¥ sh#lz&k: R E)
Symptoms: 0.38-0.48X in radial #7fif: 0.38-0.48X 121

Oil Whirl is a condition in which a strong M7 0.38X-0.48X 2 [f] kAL 5w IR 5 1)
vibration occurs at between 0.38X and

—RlOR A B 2 . AGE AN B
0.48X. It never shows up at precisely 0.5X, S FRs T}EXE/EH%[/I%Z?J‘ Ai‘ﬂfmﬁzm
but is always a little lower in frequency. KA 0.5X, B2 HLIX /M IRAR  .

It is caused by excessive clearance and T IR B IR AR ) 2 e B, 3

light radial loading, which results in the oil

Radial
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film building up and forcing the journal to
migrate around in the bearing at less than
one-half RPM.

Spectrum: Strong peak at between 0.38X
and 0.48X. The amplitude can be quite
high.

Orbit:Because of the strong
sub-synchronous vibration there will be two
dots on the Orbit: and there may be an
internal loop. Watching a live Orbit: will
show that the inner-loop will rotate around
the Orbit: in the direction of rotation.

MY R G A o [ i T SN AP i (A
0.5X.

B, 0.38X-0.48X 2| IE{E, If
MR AEAR 5 o

BV BT RAR SR R RS,
BOAIE B PSR, B IE K
ICEMN

Journal bearing oil whirl

0.38X - 0.48X

3 4 5
Orders
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9 Analysis Definitions: Rotor rub % B

Symptoms: 1X harmonics radial (0.5X harmonics when severe)£ifil 1X i 4if% [a) (™

I 0.5X 14

When shafts or other rotating components
come into contact with  stationary
components the vibration will change in
characteristic ways. It is quite likely that the
rotating part comes into contact once during
each cycle of rotation, that is, it may not be
in contact with the stationary component the
entire time. Therefore the waveform may
look ‘normal’ except when contact is made.

Harmonics and sub-harmonics and be
generated because of the "non-linear”
vibration and regions of the spectrum can
be elevated due to resonance (the noise
generated by the run excites the natural
frequencies).

Spectrum: Look for 1X and harmonics with
a raised noise floor. Also look for
sub-harmonics (1/2X, 1/3X, 1/4X, etc.).

Phase: Phase will not be consistent due to
the vibration motion generated.

Waveform: In acceleration you may see
high G levels. In velocity, look for "clipping”
of the waveform. This is most easily
observed in units of velocity and when you
can see 10-15 cycles of rotation.

2 ol L T A B ik B o B
I, fRshpthadide. Rarfe, A
T R, e v AT R, ]
REAN LTI L B e R o P LA 2 04T R
I, ISR RS IEH K

M1 FARZR VSR B AN iR i e e 4
L G e I A [ AT A3 7 A R e )
EigeR L INIAL D)

ik &FE 1X FE A R RS
MRS, HAMETEE (12X, 1/3X, 1/4X 25)
Mz BTFiEsihal, A S—EHR
5E o

IR e . M RAL, SRR G
{H . B A, BAEHIV . HPRFE 10-15
JESAMH R IE, IRE S EF T .
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Shaft Rub

1X

2X

3X

7 8 9 10
Orders

10 Eccentricity: Eccentricity general comments fi/Cy 7 38t B
Symptoms: 1X radial (V and H)¥ffE 1X 20 (V F1H)

Eccentricity occurs when the center of MGk, Fhk . AR IR
rotation is offset from the geometric \ ' Lt A .
centerline of a gear, bearing, pulley or rotor. OAULAT A WA, 2R AL
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Eccentric rotors/gears/pulleys will generate
strong 1X radial components, especially in
the direction parallel to the rotor/gear/pulley.
This condition is common, and mimics
unbalance.

This fault may present in a similar way to
unbalance.

Spectrum: High 1X peak in vertical and
horizontal. For gear eccentricity, expect to
see 1X sidebands. For motor rotor
eccentricity, expect to see pole-pass
sidebands.

Waveform: The waveform will be very
sinusoidal when viewed in
velocity. Vibration from gears will also have
gearmesh vibration and modulation of the
turning shaft of the offending gear.

Phase: If belt driven, phase readings taken
parallel and perpendicular to belts will either
be in phase or 180° out of phase. For a
direct driven component, vertical and
horizontal readings will be 90° out of phase.

i /Lo 11T RS B atr e e P AEAR R IR 1X
e IRsh, Kl 55 TR B R T
APRTT T o IXFP S OURE I, AR AT
(I

PR MIANPAHT R DL

A AN 7 ) AX IEAE . X
Tk, &% 1X &y, T
MR LS 1, &8 BIAE R
G

ISP : MR AL, IERER . X Tk
B, WO BT M A5 (1 5 S
WS A AR R B BT o

AL I AIE Beir s, 3 55 47
TR RPN T RANALZE 7 O B 180°,
X T HARWB N, E KA A2
90°.
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Eccentric rotor

1X

Radial

3
Orders

10.1 Eccentricity: Eccentric motor rotor fi/Cy:  FELHLEE 70>

Symptoms: Pole pass sidebands around 1xTS and 2xLF $F4E: 1X &40 + A3 o 4
I 2X 2 A A i AR 1

Eccentric rotors produce a rotating variable

: Dl Lo R A 3~ 25 AR 1 AN B ) = AR AR
air gap between the rotor and the stator
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which induces a pulsating source of
vibration. You will see a peak at twice the
line frequency (100 or 120 Hz); however
there will also be pole pass sidebands
around the 2xLF and the 1xTS peak.

Due to the eccentricity the 1XTS peak may
be high.

The pole pass frequency is the slip
frequency times the number of poles. The
slip frequency is the difference between the
actual RPM and the synchronous speed.

Spectrum: The key indicator is the
presence of the pole-pass sidebands
around 1xTS and 2xLF. You will need
sufficient resolution to see those sidebands
otherwise you will either miss them
altogether, or confuse them for resonance
(a broadening of the base of the peak).

Waveform: A waveform that covers many
seconds of time will reveal the pole-pass
frequency modulation. Due to a lack of
impacting the waveform will be smooth; a
combination of the 1xTS and the 2xLF
vibration.

Phase: Not applicable unless the eccentric
forces are great.

TS = Turning Speed
LF = Line Frequency (50 or 60 Hz)

PR, XA ksl ResF 2l 2X
A (100 B; 120 Hz) , & 1X ¥4
+ BB AR A A 22X A+ AR
LIS Uk

Tty IX F R A 25 5 o

AR I SIE o B SN [v) 2 He A I 2
fH.

W SCBEARbR S IX F £ AR A
IR 2X Gl Al AR A
s B AL (1) 73 R U A T, A
St E A B IR (IR S
CRE v

I R e T e K, A RE
F BIRE A AR . T b,
AR M o A2 AX SR 2X 401K 40

&

AT SRR O AR R, B IMAIE .
TS=Jiehk s

LF=£45 (50 % 60Hz)
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Eccentric rotor

EE
0 1 2 3 4 2
Orders

10.2 Eccentricity: Eccentric motor stator fhi:(»: LA E 7L

Symptoms: Twice line frequency (100 or 120 Hz) radial £7fif: 2X £:4i (100 % 120

Hz)) 2]

Stator problems will generate high vibration EE S IR E 2X ZHiRsh. &
at twice the line frequency (100 or 120 Hz). TR B R 5 ] PR AR AN /57 T

Stator eccentricity produces an uneven
stationary air gap between the rotor and

69



Mobius institute:Vibration Analysis Definitions

IR TR X

<ok

stator that produces a very directional
source of vibration.

A stator may become eccentric due to soft
foot. See the section on soft foot for more
details.

Spectrum: The peak at 2xLF will be
high. For a two-pole motor this peak will be
close to 2xTS running speed — you will need
sufficient resolution to separate them.

A live spectrum may reveal beating — the
2xLF and 2X peak may appear to rise and
fall if you do not have sufficient resolution to
separate the peaks.

The vibration will be strongest at the point(s)
where the stator is closest to the
rotor. Move the accelerometer around the
motor housing to see if the peak is highest
in one or two locations.

Waveform: The waveform will be a
combination of 1xTS, possibly 2xTS and
2xLF and may therefore include a "wobble”
or take on the "M” or "W” shape. Beating
between 2xLF and 2xTS (2-pole motor) may
be observed if the time waveform covers
more than a few seconds.

TS = Turning Speed
LF = Line Frequency (50 or 60 Hz)

BT, IXRE A E 0] RS o

B IEBOE T L. BF BT,
TiEZ.

PG 2X ZMRAE AR e X 2 4
BL, 22X BEANZ A S Pl B AL
(K170 R BEAT X 7)o

URATE 73 HEAR A BED I P UEAE, 5K
I AR 25 o, 2X A 2X S
IR 25 L TR R [

E TR TR Ty, IRahiK.
S BLAN TR B AR I ES . A
AP AR AR

ISk NI T Eds 1X Heil

2X BEHAN 2X ST, AR “Fah”
o M7 ELCWT o BRI ] K
A, BER B 2X AT 2X He it (2 4%
AL TR .

TS=Jiehb i 5
LF=£45 (50 % 60Hz)
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Eccentric rotor

2XLF

0 1 2 3 4 o
Orders

10.3 Eccentricity: Eccentric pulley or sheave fhi-Cr: B2 17 #6 B 6 0>
Symptoms: 1X radial (V and H)fFfE: 1X 1218 (V Al H)

Eccentricity occurs when the center of MRS (RS (R e ROy A LR

rotation is offset from the geometric R ok A ™
centerline of a sheave (pulley). DRI, 2 A i o

Radial
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Eccentric sheaves will generate strong 1X
radial components, especially in the
direction parallel to the belts. This condition
is common, and mimics unbalance.

There will be a high 1X vibration level on
both components (motor and fan for
example), however due to the change in
speed, these will be at two different
frequencies.

Eccentricity can be checked by removing
the belt(s) and checking again for the 1X
peak on the motor.

Spectrum: It is best to collect spectra
parallel and perpendicular to belts instead of
pure vertical and horizontal. Expect a high
1X peak. Amplitude will be higher in the
direction parallel with belts.

Waveform: The waveform will be very
sinusoidal when viewed in velocity.

Phase: Phase readings taken parallel and
perpendicular to belts will either be in phase
or 180° out of phase.

i/ B2 5 23 7 AEAR K IR AX A A 3,
Pl B TR AT R T o X DL
RH I, IRBAT

B2 AR 1X $ksh Of
BUARML A B 5 B i T 3B e AN
—FE, TS AR,

/Lo T LIE 38R By, PR AL
IX WA AT A

P g e R AR AR L MPAT T B
ANT5 1] ARSI ARLE X AR 2
BHRRE X M. 4T T BT 1)
(RIME 2 B v

ISk I AT, IEJED

FABL: ot Fr s ke, TEH A5 FPAT
IR IR AN T I AR A 22 A2 O B 180°.
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Eccentricity
1X Fan
1X Motor |
0 1 2 3

Orders

99

10.4 Eccentricity: Eccentric gear ity : K% fliL>

Symptoms: 1X radial (V and H) and sidebands ##{iF.: 1X 42 (V F1 H) Ry

Eccentricity occurs when the center of Y00 5 B E B R0 R L AR R OLy o e AR
rotation is offset from the geometric I, 2% Rl

centerline of the gear.

Radial
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Eccentric gears will generate strong 1X
radial components, especially in the
direction parallel to the gear.

Eccentric gears will generate sidebands of
the turning speed of the eccentric gear
around the gearmesh peak. Natural
frequencies may also be excited, and
harmonics of gearmesh may be generated.

Waveform: The waveform will have a
combination of 1X turning speed of input
and output shaft, plus strong gearmesh
vibration modulated by the turning speed of
the shaft with the eccentric gear.

Spectrum: High gearmesh peak with
sidebands of the turning speed of the shaft
with the eccentric gear.

Phase: Not applicable.

fin /Lo AT e 257 AEAR KN 1X A2 iR,
Rl 5 A e AT 1T 1) o

Lo 1A 2 7 A I AR K i A e 1)
e AR R BEGES, R AR
IR IS o

NI : WIS 1X S A A
H R, 3 A I AT ) A AT UA R G
AR Tl o

A - et W PR LA R A 5 A K o Ay
i ap Uk 8

AL AEH] .
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Gears: Eccentricity

1X GM 3GM
Gnf X 2GM
‘ U
0 4 8 12 16 20 24 28 32 36 40
Orders

11 Hydraulic and aerodynamic {4k

11.1 Hydraulic and aerodynamic: Blade faults JifA: M F b

Symptoms: Peak at vane pass or blade pass #51iE: A 580 i AR g (E

All pumps, fans and compressors will FRA 22 . XL R g ML 7 e v 3 5y
normally have a peak in the spectrum at the

75

Radial



Mobius institute:Vibration Analysis Definitions

IR TR X

<ok

"blade pass" or "vane pass" frequency. This
is the number of blades or vanes multiplied
by the shaft speed.

The amplitude of the peak can increase if
the gap between the blades or vanes and
the stationary diffusers is not kept equal. It
is also caused by obstructions and sharp
bends in the flow path, in this case at the
edge of the volute where it meets the
discharge passage.

Vane pass = Number of vanes x RPM
Blade pass = Number of blades x RPM

Spectrum: It is normal to see a peak at the
blade pass or vane pass
frequency. Harmonics may exist, and
sidebands of the operating speed will occur
when the vibration is rising and falling with
each rotation.

Vane pass = Number of vanes x RPM
Blade pass = Number of blades x RPM

Waveform: Pulsations may be visible in the
waveform at the vane pass or blade pass
frequency. The waveform must not have
too many shaft rotations or else it will be
very difficult to notice the pulsations
generated as each vane or blade passes
the accelerometer.

AT BRI R . 5 TPk
AT LS

T SRy m R AN L (R s g 22 TR )
IR AN 2], o AEAR e (1 48
MRLPAR . R e e b JE) B I
FSEOR T YR AT Y U T B EES Rt (B
Ji

Vane pass=I#:4{ XRPM
Blade pass=" i % XRPM

Witk £ B R,
RE AT, M RS b F bt
i, SATEIA

I IBE : w] e B B4 1 i A
AR R I AR IS, BB
I T EAN B AR 2 g 0, ARG
I B 3 R (K RE R TR I
Ao
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Blade/vane pass

BP
VP

A 1X

2BP
2VP
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14 16 18 20
Orders

11.2 Hydraulic and aerodynamic: Flow turbulence Jiif4&: i

Symptoms: Random vibration in the range 50 to 2000 CPM #F4iE: 50-2000CPM [

Blesh

Flow turbulence is due to variations in
pressure or velocity of the air passing

AR BB AL, 23T Ay B

73

I

Yo RE Y 7 o A 2y
through the fan or blower. R LA i

Radial
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This phenomenon generates random, low
frequency vibration. It will typically be
observed in the range of 50 to 2000 CPM.

Spectrum: It is normal to see a peak at the
blade pass or vane pass
frequency. Harmonics may exist, and
sidebands of the operating speed will occur
when the vibration is rising and falling with
each rotation.

Waveform: Pulsations may be visible in the
waveform at the vane pass or blade pass
frequency. The waveform must not have
too many shaft rotations or else it will be
very difficult to notice the pulsations
generated as each vane or blade passes
the accelerometer.

RIS 2 LR, ARARS) . I
50-2000CPM.

P oG B BRI R, W]
E"é/r\ﬁb PO AR A RSl Bl

I, SR . (5N ]
AfF-mobius Hi%)
NI e : W RER B A Bl 4 1 o A

E {7 LN A\)EHJJDL_EMwﬁm Al
I AR IR Z et I, ARE
B R B T A P R TR R AR PR
Mo (R R B S ASRF-mobius 11

.
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Flow turbulence

0 1 2 3 4 2
Orders
11.3Hydraulic and aerodynamic: Pump cavitation #ifA: %< il
Symptoms: High frequency "noise"fjfiE: =4 “ Mg ”
Cavitation normally indicates insufficient Al gk A TR AN R i BT o
suction pressure or starvation - i.e. low inlet
pressure.
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Cavitation normally crea't'es_ralrlldom_, higher Al s T BN AR shEk “ g
frequency V|brl'c|1t|on ?r_ noise”. It is often L AR A IR (3%
observed as a "hump" in the high frequency i e e
range of the spectrum (exciting resonance) IR, A R AR (1 Je e e 7 4
and as a hump around the base of the pump 235,

vane rate peak.

Cavitation

1X VP

0 4 8 12 16 20 24 28 32 36 40
Orders
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12 Analysis Definitions: Reciprocating machines 11 & % %%

Symptoms: 0.5X peak for a four-stroke engine / 1X peak for a two-stroke engine J{
MFERSIHL 05X PP FE R ShHL 1X

The vibration level on reciprocating

machinery is commonly very high.

If you have a four-stroke engine, then the
engine fires every other rotation, which will
result in a strong peak at 0.5X.

In the case of a two-stroke engine, such as
many diesels, the engine will fire for every
stroke; therefore you will see a strong 1X
peak.

Spectrum: Look for the 1X peaks
(two-stroke engine) or 0.5X peaks (four
stroke engine).

Waveform: Pulses of vibration occur when
the engine fires. These can be view in the
waveform. The time base needs to be set
so that you can see 6-10 rotations for a
two-stroke engine, and 15-20 rotations for a
four stroke engine.

Special monitoring systems are available for
testing reciprocating engines.

TR B I e (AR AR e

T DU FE R SIHL, B — Ak —Ik,
2 PEEAR K 0.5X

b I U Y | W B S IR S L i
KU BT AR Z 11X

Wi A IX I (PIpPfE) B 0.5X
AR CPUPPEED

IR . RS K2 Bkl 9%
JEWF A REE, XM FE 6-10 &, xFT
VOhFs 15-20 J& .

BT AR G n] A1 R e il
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Two-stroke Engines

¥ |
= e
1X |
0 1 2 3 2 -

Orders

Four-stroke Engines

T
|

+i

Orders
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13 Induction motors &5 H bl

13.1Induction motors: Type | rotor faults 75 HpL: | B4 1~

Symptoms: Pole pass sidebands around 1X and harmonics $51iF:  1X = H il id 4%

LA

J=NH

Cracked or broken rotor bars, shorted end
rings or rotor laminations, or loose rotor bar
joints, can cause the spectrum to develop a
series of harmonics of turning speed
(typically 1X-4X) with sidebands of the pole
pass frequency. Being a very low frequency
it is necessary to use a high resolution
spectrum.

Given the low frequency sidebands you will
need a high resolution spectrum, and there
will be beating which should be audible and
visible in the waveform or in a live spectrum.

Please also look up information on the
individual fault conditions.

Spectrum: Look for the pole-pass
sidebands around 1X, 2X, 3X, and 4X. A
high  resolution  spectrum  will  be
required. Viewing with a log y-axis can
help. Watching a live spectrum will reveal
beating.

Waveform: A waveform with a time base of
at least 10 seconds will reveal
beating. Listen to the vibration for beating.

Motor current analysis: Using a current
clamp, take a high resolution spectrum
around line frequency (50 Hz or 60
Hz). Displayed in log format you are
looking for the difference between the
height of the line frequency peak and the
first pole-pass sideband.

PR, Wi EEE TR, B
T RS, ] DL S B o
IX-4X M AR . f TR AR, =
HERIRAA W EL

I TR (R ALY, 5 7 A A
o OB BN A0 BE A BT B4R Ik .

WE A AR RS B

it B E 1X. 2X. 3X. 4X N =g
AR, TE SRR, Y AR
KA bR, SR . SRS S BoR
EiSEi

Y B/ 10s K, 45 Wi
o Wr M AdRAIIRSD

AL T A e, RIELM
(50 1k 60) BT & HER M. 2
¥ 75 2 AT 1 RN AR 8 1o A0 (1) 2= (R
KA B0
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Broken/cracked rotor bars

[

5

1X 2% 3X &
0 1 2 3 4 5
Orders

13.2Induction motors: Type Il rotor faults 525 ML 11 Y 5E 1- i
Symptoms: 2xLF sidebands around RBF $51iF: RBF+2x k4

Cracked or broken rotor bars, loose (or e, BT ams (s e

otherwise defective) rotor bar joints, arcing s, AR IR RN, S

between the rotor bars and end ring, or
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porosity in the rotor bar castings will all
cause a disruption in the magnetic field. The
pulsation will generate an elevated rotor bar
passing frequency (RBF) which will rise and
fall due to the electrical forces called
"magnetostriction” — therefore we see 2xLF
sidebands. Occasionally the modulation will
instead be at the turning speed (1X
sidebands).

Please also note that if there is a break or
crack there may be local heating and the
rotor may bow.

Rotor bar pass frequency (RBF) = Number
of rotor bars X Running speed

2XLF = Twice line frequency (100 or 120 Hz)

Spectrum: The Fmax will need to be high
enough to see the RBF frequency (plus
2xLF sidebands). 2xRBF (with sidebands)
may also be present. Note that sometimes
you will see a high peak at RBF + 2xLF
whereas RBF and RBF — 2xLF may be quite
small.

Motor current analysis: Using a current
clamp, take a high resolution spectrum
around line frequency (50 Hz or 60
Hz). Displayed in log format you are
looking for the difference between the
height of the line frequency peak and the
first pole-pass sideband.

T RS S TS T

WG (PRI AE) 2 7= ENks),

TR BT A aE R (RBF)
Pl osf 2X ey . /R
X FH AR .

HER, WORFE 74 W2k s, vl
RESR B R, He TS,

RBF=%1-4 X i

2XLF=2 {5 &4 (100 =% 120Hz)

B TR E LY, DMESE
RBF 1 2X £:451, 2XRBF ik v] g
M. FEEREME, ANIRSFE 2 RBF
+2X LA IMRAEAR =1, 11 RBF -2X 2843
(PR A ARA -

LR AT (EH FR e, REEZ
(50 1k 60) P& HER S, 2
1y 28 AT 1 RN R o AR 1 Z2 R
KX B
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Broken/cracked rotor bars
Loose rotor bar joints

RBF
jli( 2xLF
0 10 20 30 40

50
Orders

13.3Induction motors: Stator eccentricity or soft foot 525 FiHL: & Tl

oA

Symptoms: Twice line frequency (100 or 120 Hz) radial $51iE: 2X Z45 (100 =% 120

Hz) 12w
Soft foot and warped bases can produce an W RN G R R R PT DA S BUE TR D o

eccentric stator. Altering the tension on the
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hold down bolts, or repairing the
foundation can resolve this problem.

Spectrum: The peak at 2xLF will be
high. For a two-pole motor this peak will be
close to 2X running speed — you will need
sufficient resolution to separate them.

A live spectrum may reveal beating — the
2XLF/2xTS peak may appear to rise and fall
if you do not have sufficient resolution to
separate the peaks.

The vibration will be strongest at the point(s)
where the stator is closest to the
rotor. Move the accelerometer around the
motor housing to see if the peak is highest
in one or two locations.

Waveform: The waveform will be a
combination of 1xTS, possibly 2xTS and
2xLF and may therefore include a "wobble”
or take on the "M” or "W” shape. Beating
between 2xLF and 2xTS (2-pole motor) may
be observed if the time waveform covers
more than a few seconds.

TS = Turning Speed
LF = Line Frequency (50 or 60 Hz)

R TR A 7K B L BAE B HEA RT LA R
b .

At 2X AR 1R . X T 2 B
L, 2X Z&H5R 2X BEAAR e, o5 4R
B HER, A REX 20 PN IEAH .

D SRATE 73 R AN REDC 73 NI ARL, 52
I AR 2% WoRHR, 2X FAIA 2X LA
(R 25 b TR B

SE T RARIL TR T T, ISR,
e BN R S AR IS, A
A B AN A f o

B IR LT 1X FA,
2X HEHIR 2X et TERE A “H13)”
S MY SR WL IRBB
RHKC, BEFE] 2X B 2X HA (2 4%
AL TSR

TS=JHest i
LF=4:45 (50 B¢ 60Hz)
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Soft foot (two-pole motor)

2xLF

C

"

L

3 4 5
Orders

13.4 Induction motors: Rotor bow S U HHL: # T 5T

Symptoms: 1X radial 7fE: 1X 121

Rotor bow on a motor will present like static
unbalance. Broken rotor bars or other fault
conditions that result in uneven current flow

HPLIEE T SIS BREATiT. ¥
iy 2 L o B 1 LA AT
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in the rotor will result in localized heating,
which will in turn cause the rotor to bow. The
bow creates an wunbalance condition
(uneven weight distribution around the
centerline of the shaft). Therefore we see a
high amplitude peak at 1X turning speed in
the radial (vertical and horizontal) directions.

You may also see the effect of a rotating air
gap — high peak at twice line frequency (100
or 120 Hz) with pole-pass sidebands around
1X and 2X.

This fault may present in a similar way to
static unbalance and eccentricity — except
when the rotor cools down the rotor may
become straight again.

Spectrum: High 1X peak in vertical and
horizontal. There may be a 2X peak if the
bend is more severe. There may be
pole-pass sidebands around 1X and 2X due
to the rotating differential air gap.

Waveform: The waveform will be very
sinusoidal when viewed in velocity.

Phase: Look for 90° phase shift between
vertical and horizontal axes. The inner race
will move in and out once per revolution with
a bent shaft, so look for consistent phase
readings around the shatft.

RFE AR, e B T
o SIEFEATHEPIRES (SEHH 0
LR A S oA o I RATE ] 1X
FAAR ) (R R TREAR &

T T e R, e B B 2X £
SRR, 1X. 2X 3 A A
o

R AS AT AR, BRARRE
TAE P RA G, Fer A

M, T EAKOE X IRE . WRE
P, 2 2X RE. B T2 ke
AR, 1X. 2X G AGE AR 71

NI . AL, IEFED

FAGL: FEFLAAKPFAIAL Q0 2. il
I BR8], Bl N R R RS sl BT LA
7 b 74 St T (1 0 0 AEASE [T AH o
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Thermal Rotor Bow

13.5Induction motors: Cracked or broken rotor bars 50 Hl: # T4Whr

%

Symptoms: Pole pass sidebands around 1X and harmonics OR 2xLF sidebands

around RBF $5filE: X 4 AR i AR f i 4hink RBF £ 2X 24

When there is a disruption in the current T4 4 W 2 el L e S 2yl o

flowing through the rotor bars of an
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induction rotor due to a crack or break, the
vibration can change in one of two ways.

Type |: The 1X peak and harmonics
(typically up to 4X) will have pole-pass
sidebands. 2xLF may be quite low.

Type II: The rotor bar passing frequency
(RBF) peak can increase in amplitude, and
there will be 2xLF sidebands.

Please also note that if there is a break or
crack there may be local heating and the
rotor may bow.

Rotor bar pass frequency (RBF) = Number
of rotor bars X Running speed

2XLF = Twice line frequency (100 or 120 Hz)

Also see Type | and Type Il rotor faults
under Electric motor faults

Spectrum: Type I: A high resolution
spectrum will be required in order to see the
pole-pass sidebands. A log y-axis will
help. Type Il: The Fmax will need to be
high enough to see the RBF frequency (plus
2XLF sidebands). 2xRBF may also be
present. (This is a common pattern and
does not necessarily indicate a fault
condition. Investigate if the amplitude
increases.)

Waveform: Type I: A waveform with a time
base of at least 10 seconds will reveal
beating. Listen to the vibration for beating.

Motor current analysis: Using a current
clamp, take a high resolution spectrum
around line frequency (50 Hz or 60
Hz). Displayed in log format you are
looking for the difference between the
height of the line frequency peak and the
first pole-pass sideband.

AT, S AR RS
| Y IX-AX Al R, 2X Lol (i
B

Il 2 RBF ME{HSAK, 247 2X 2
1247 .

HER, WORFE 74 W ks ar, vl
RESR R, BT S,

RBF=#;1-4 X #: 4
2xLF=2 5245 (100 Bk 120Hz)
TEAE | AR B,

PG VR TR RS . Y R
IR b, AT T B

I8 AR E s, MERE
RBF Fl 2X Z45i, 2XRBF #] g 3L (X
FEH WRHE, FF—e R ISR, T
AR K FTAERD -

B | M. &b 10s EIE, =
Brndfk. Wr MRIRIIRS].

AHLIIAMT: (AT, AL
(50 5 60) WG4 Hi4Hite. %
57 S (LR AL % 1) 2 Y
SR S
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Broken/cracked rotor bars

1X ohe | | | 3X g
MPPF m }UU ZG JJ
0 1 2 3 4 5
Orders
Broken/cracked rotor bars
Loose rotor bar joints
S
RBF S
j.:l( 2XLF
0 10 20 30 40 50
Orders

13.6Induction motors: Loose rotor bars S 5 HiHL: #HFL&005)

Symptoms: 100/120 Hz sidebands around rotor bar pass frequency $51iF: 1 4%il
1L A% +100/120 Hz

If there are loose rotor bars there will be a MR RN, SHET4EN

peak at the rotor bar pass frequency (RBF - i % NI -
the number of rotor bars times the turning Hi# [ 1001120 Hz ity (RBF=4¢17%
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speed), with sidebands of twice line
frequency (100 or 120 Hz). Even if you do
not know the number of rotor bars, if you
see a high frequency with twice line
frequency sidebands, you can be somewhat
confident that this fault condition exists.

Please note that it is quite common to see
this pattern. You should only investigate
further if these peaks change in amplitude.

Rotor bar pass frequency (RBF) = Number
of rotor bars X Running speed

2XLF = Twice line frequency (100 or 120 Hz)

Spectrum analysis: Look for the peaks at
RBF plus and minus 2xLF. Note that
sometimes you will see a high peak of RBF
+ 2XLF whereas the peak at RBF and RBF —
2XLF may be quite small.

Please note that it is quite common to see
this pattern. You should only investigate
further if these peaks change in amplitude.

Rotor bar pass frequency (RBF) = Number
of rotor bars X Running speed

2XLF = Twice line frequency (100 or 120 Hz)

X HH) o RUMEIRAFIITE R, 5554,
UWERARAE BIA AT 2X ST,
WA AN, XA A AE

TEER, XML I, RATIEE R
AT, A BER

4G5l % (RBF) =#t14 X ##%
i

2xLF=2 {5445 (100 B¢ 120Hz)

. AE RBFE+2X 24, g
P42, ARRSES] RBF +2X 24
MRAE AR =5, 11 RBF -2X 28 45 (s B 1R o
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Broken/cracked rotor bars
Loose rotor bar joints

RBF

JU 2xLF

40 50
Orders

13.7 Induction motors: Loose rotor 5725 HHL: % THA5)
Symptoms: High 1X and harmonics %¢fiE:  1X &8s {8 =

Sometimes the rotor can slip on the shaft, W FER AL, e e B
usually intermittently  depending on IR MRS A E S T A
temperature, and this causes severe RIETERA S, 2 S5 X MR K.
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vibration at 1X and harmonics. Abrupt
changes in load or line voltage can instigate
this condition.

Spectrum: Look for the harmonics,
however you need to be sure not to confuse
the condition with rotating looseness. If the
fault is intermittent then it may be present in
one spectrum and not in another, and it may
also depend on the operation condition
(temperature) of the motor.

Time waveform: Look for signs of the
looseness and sliding motion, and look for
signs that the fault may be intermittent. If
you have a time waveform with a time base
of 30 seconds or longer you may see the
vibration change substantially during that
time.

BN L I SRR A2 i TR s

Wik B IX SR, (HRAEERR
SR . U AR TR B A, B AT
REAEIXANE BLM ) — A L. 24
SRR IORT ALERAE A (HRLED) o

IR ¥ ¥ A c eg VA i 1R/ q e EE SR
WARPIE IS F] 30s B K, & 2HRD)
AL
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Loose Rotor on the Shaft

)

4 o
Orders

2):( 3/l)( aX
2 3

13.8Induction motors: Loose stator windings 575 Hibl: € T-Le4H A5
Symptoms: High 100/120 Hz radial #51iF: 100/120 Hz 4% [A] g {1 7

If the electrical windings of the motor stator TN E T8 Siah, IBa 2X

are even a little loose, the vibration level at L8 I i A A | S A R HE 25 ] (7
twice line frequency will be increased. This HAMRE AN Y e B BRI
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condition is very destructive because it
abrades the insulation on the wire, leading
to shorted turns and eventual short circuits
to ground and stator failure.

The 2xLF vibration will either be 100 Hz or
120 Hz, depending upon where you are in
the world. This source of vibration is due to
"magnetostriction”.

Spectrum: Look for the high 2xLF (100 or
120 Hz) peak. In a two-pole motor there
could be a 2X peak and therefore there will
be beating between the 2X and 2xLF
sources on vibration.

Y2, - E A] e A fie 28 2 b e i AT
SE TR . BT LARR R 2 AR 5 AT A
PER o

2X HPksh (100Hz 5% 120Hz) , &
B “HEEAR 47

ik &F 2X &HRE. 2 ZHL
2X BERTAN 2X A PR
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Loose Stator Windings
2xLF
1[(
0 1 2 3 4 5

Orders

13.9Induction motors: Shorted laminations &4 B H: 20550 5

Symptoms: High 100/120 Hz radial100/120 Hz 4% | &4 &

The rotor and stator of AC motors are made ATV ML E T A E -2 A B 4a 205
of thin laminations that are isolated from

each other. If the laminations are shorted 2 FRAEEN 5 T e SRS AN LB

Radial
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together, local heating and resultant thermal
warping will occur.

Shorted laminations also cause higher twice
line frequency vibration levels. The warping
can cause the 1X level to increase, and
often pole pass sidebands are observed.

The pole pass frequency is the slip
frequency times the number of poles. The
slip frequency is the difference between the
actual RPM and the synchronous speed.

Spectrum: Look for a large peak at 2xLF
(100 Hz or 120 Hz), plus look for pole pass
sidebands around 1X. You will need a high
resolution spectrum. A log y-axis scale will
also help you to detect the pole pass
sidebands.

Waveform: The modulation (pole pass
frequency) should be Vvisible in the
waveform, however because it is a low
frequency you need to have a waveform
with a time base of 15 seconds minimum.

SRR, FEERIE .

FEM e o B 2X AIRE A, A
I FE X EEAAK, WHRE R
S LBURTE Suks

POE I AR 1 ZE IR LA S T2
AR I SIE o B SN [v) 2 el A I 2
fE.

W B 2X LR (A 1X KAl it
PRI B HER, Y o H Ak
P TR DUARE I AR AT o

I IRP I d AR, B I ) 4 2D
15s, =& FPIL WEBIZE) Pl
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Shorted Laminations

2XLF
FPPF
0 1 2 3 4 5

Orders

13.10 Induction motors: Loose connections 5 HEML: 3L E)

Symptoms: High 100/120 Hz with 33/40 Hz sidebands #5fF: 100/120 Hz A 33/40

puki
Phasing problems.due to Iqose connectors WSt sl, s, S8 2X
can cause excessive vibration at twice line 25 45(100 5% 120 H2)IR K B 1/3 445

frequency (100 or 120 Hz), with sidebands
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of one-third line frequency (16.66 Hz or 20
Hz). The modulation (one-third line
frequency) is because we have lost one of
the three phases, thus the magnetic force of
twice-line frequency rises and falls at
one-third of the running speed.

Spectrum: Look for a high 2xLF (100 Hz
orl20 Hz) peak with dominant sidebands of
one-third line frequency (16.66 Hz or 20
Hz).

Time waveform: The time waveform should
also rise and fall due to the
modulation.  Because the modulating
frequency is 16.66 Hz or 20 Hz, the rise and
fall will take 0.06 seconds (1/16.66 Hz) or
0.05 seconds (1/20 Hz). Therefore if the
time base is more than 1 second there will
be too many pulsations to be able to see the
modulation.

M7 (16.66 Hz B 20 Hz) . T2k
T A A, BT R A (13
5 (DI

i, BEH 2X EEE A 1/3 2
(16.66 Hz 1% 20 Hz) il

WY BTRE, BES AR
. T ECEE 16.66 Hz B¢ 20
Hz, LJHRURFEATE 1R E 24 0.06s 5%
0.05s. un R B K& 1s LL L, SFFIR
Z Wk, ReE B
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Loose Connector (Phasing)

2xLF
1/.LF
1X e 5
.
0 1 2 3 4 5

14 Synchronous motors: Loose stator coils [F20HHL: & 12k BBlAA )

N

Symptoms: High coil passing frequency with possible 1X sidebands ##1iF: £k [ i i
B N AT R 1X 14

If the coils in a synchronous motor are loose R F ML B ED, A 2 BB i

there will be elevated vibration at the coil ST 2R P Ak A 71 ok
passing frequency (CPF).>. There will also W (CPE) TR, Wi
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likely be modulation of the running speed, WS, BT L CPF R 1X 7.
therefore there will be 1X sidebands around

the CPF peak.

Spectrum: Look for the elevated coil — MiiG: AL IE IR L. AT

passing frequency peak with 1X e By K DI CPF, 4038 28 1) LA
sidebands. You will need to ensure that the (2 1
Fmax will allow you to see this peak with HAA LA

adequate resolution to see the sidebands.

modulated by X tuming speed you should Wb/ : WL IX RO, 2 fi 4]
SN =] Hy 4 R

see the vibration amplitude rise and fall with ?}ﬁzj;mmﬁ{:ﬂ@f%ﬂ"Hﬂ?%@ﬂ"ﬂ"

a period equal to the tuming  BJBRTAHCEE RN IZH 6-15 .

speed. Therefore the time base of the

waveform should equal 6-15 shaft cycles.

e S T3 K‘, ™
CPF = Number of stator coils times the CPR=JE 12 el 4 2 X ik
motor RPM
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Loose Stator Coils
(Synchronous Motors)

CPF
j&( 1X
0 10 20 30 40 50
Orders

15 DC motors: General fault comment B i HML: % DLk 15 B

Symptoms: Line frequency harmonics or fractional SCR firing frequency peaks i

fit: ZRAEHE SCR VA% A

In a normal spectrum from a DC motor there B ML IE A AN AT AR K IR 26 A
should not be a strong line frequency (50 Hz

Radial
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or 60 Hz) peak and there should be no
harmonics. Likewise it is expected that there
will be a peak at the SCR firing frequency,
but there should be no sidebands, no
harmonics and no sub-harmonics (1/3xSCR
or 2/3xSCR). The presence of these peaks
indicates a fault in the SCR circuit or in the
armature (rotor) or commutator.

Please see the named fault conditions for
more information.

Spectrum: Spectrum analysis is the best
tool to detect the peaks at the frequencies
named.

Time waveform: If there is a phase loss, a
tuning problem, or any other fault that
changes the \vibration or generates
modulation, the time waveform will be a
useful graph to analyze.

SCR = 3xLF if half-wave rectification or
6xLF if full-wave rectification

LF =50 Hz or 60 Hz

MR AE fe SLi A, [FIFES SCR AR,
HEANSH LA WA 6
(1/3xSCR 8 2/3XxSCR) . iXLLi&(l
HILBEH SCRHE K B AL 1 FAX B4t ]
AR

ZE, IEEEIHIH T
AR AR o3 BT e A X L
HTH,

B W R R A s, e e
Wk, T AR T R sl AR X E T AR T A
I Y 2 A .

SCR=3XLF Cf-y¢#yi) 85 6XLF (4>
PR

LF=50 5}, 60Hz

e 7 FF) fe A
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DC motor
SCR
firing freq.
1X

15.1DC motors: Grounding fault Eij HAL: 324tk
Symptoms: Line frequency peak (50 Hz or 60 Hz)#fE: £k (50 2f 60Hz)

In a normal spectrum from a DC motor there B ML IE A AN AT AR K IR 26 A
should not be a strong line frequency (50 Hz

or 60 Hz) peak. If the LF peak does increase

Radial
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in amplitude then grounding should be
suspected.

Grounding can occur when there are broken
armature (rotor) windings. If the commutator
"pads” or "rises” are not correctly bonded to
the armature then again you will see the 50
Hz or 60 Hz peak.

MR R ASK, Wb e
A7 7)1

Hp AR R RIE G ek . R
it 1) 2 A AR IE BEANREIE W BIE, A
fR4E %) 50 5 60Hz 141 .

DC motor grounding fault

LF
1X

SCR
firing freq.

Radial
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15.2 DC motors: SCR Tuning faults L HAL: SCR i e
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Symptoms: 1X sidebands around 1XSCR and 2XSCR firing frequencies ¥/ :

1XSCR Fl1 2XSCR &4 1X il

If there is a tuning problem in the SCR then
the vibration amplitude will rise and fall once
per shaft revolution. In a normal spectrum
from a DC motor it is expected that there will
be a peak at the SCR firing frequency.
However if there is a peak at 2xSCR and
there are 1X sidebands then you should
suspect that there is a tuning fault.

The SCR firing frequency depends upon
whether your system wusing full wave
rectification (6xLF) or half-wave rectification
(3XLF) where LF is the line frequency (50 Hz
or 60 Hz).

Spectrum: Look for a peak at 1XSCR and
2xSCR firing frequency with 1X turning
speed sidebands.

Time waveform: Look for the modulation at
the turning speed (1X) of the motor — the
amplitude will rise and fall. Ideally you
should have between 6 and 15 cycles of
shaft rotating in the time waveform so that
you can see the rise and fall in amplitude.

SCR = 3xLF if half-wave rectification or
6xLF if full-wave rectification

LF =50 Hz or 60 Hz

A SCR MU Ak, ARSI
E S AE5E 7B ie e — A Py ETHAT R
Bo ELWCHEMLIE R S H SCR
Ko (HZWIR L 2XSCR Fl 1X 127,
PRI 12 P SE H B AT i o

SCR BRI T R G A PERIL 2
PHENL o

g &F 1XSCR Ml 2XSCR K 1X
kit

ISk I . P i 75 6-15 JH, 4R
BHF D] X FAORE], EE e LR
R

SCR=3XLF CF#9yi) i 6XLF (4
PR

LF=50 =\ 60Hz
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DC Motor Tuning Fault

SCR
firing freq.

J —11x

SCRx2

—11X

15.3 DC motors: Phase loss B HENL: FeAf

Symptoms: 1/3xSCR, 2/3xSCR and SCR peaks visible }#1F.: 1/3xSCR, 2/3xSCR,

SCR &

A phase can be lost due to a fuse related MRS 22 B foh A MO R, s B A, R

problem, or a shorted or failed firing card.

Radial
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The spectrum will contain peaks at 1/3 the
SCR firing frequency and 2/3 firing
frequency.

The SCR firing frequency depends upon
whether your system using full wave
rectification (6xLF) or half-wave rectification
(3XLF) where LF is the line frequency (50 Hz
or 60 Hz). When a phase is lost the peaks
will appear at 1/3xSCR and 2/3xSCR
regardless of whether it is full wave rectified
or half-wave rectified.

Spectrum: Look for a peak at 1/3xSCR,
2/3xSCR and 1xSCR.

Time waveform: The vibration pattern will
show that there are only two phases being
rectified.

SCR = 3xLF if half-wave rectification or
6xLF if full-wave rectification

LF =50 Hz or 60 Hz

B 2545 1/3xSCR,  2/3xSCR VAR .

SCR ARk T 2 48 4 P 2 2
PR BT, ANECA PRI 2
gk R, #B4& Il 13xSCR and
2/3xSCR.

Pt . A5 1/3xSCR, 2/3xSCR A1 1xSCR,

IS PRl s AT P AT

325
Uit o

SCR=3XLF ¥y st 6XLF (4=
VL)

LF=50 =\ 60Hz
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Phase loss

SCR

1/3 SCR > firing freq.
1% /3 SCR

|z

15.4 DC motors: Loose connectors, shorted control card and more B i H

Ble HSkAnal, 2R R

Symptoms: Harmonics of the line frequency (50 Hz or 60 Hz)%F4E: £:45i(50 Hz &% 60

Hz) 1 4

A variety of faults can cause harmonics of KRR 2 S H I B g S
the line frequency (50 Hz or 60 Hz) to

Radial
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appear. These faults include loose
connectors, shorted control card, fuse
problems or a failed firing card.

Harmonics of line frequency are not normal
and do indicate that a fault exists.

Spectrum: Look for a peak at LF, 2xLF,
3xLF etc. The number of harmonics
witnessed will depend upon whether the
system is half-wave rectified or full wave
rectified. In a system that uses full-wave
rectification it is common for the LF and
5XLF peal to be highest.

SCR = 3xLF if half-wave rectification or
6xLF if full-wave rectification

LF =50 Hz or 60 Hz

RLHERAT: BRSPS
DRBS 22 By fih A Rt

LRI R, DI R A7 A o

Wit AR X M. 2X Zidi, 3X £
WA . WA EUR R I 2
PG . AP, X ZRAIFN 5X
AN R

SCR=3XLF CF#9i) i 6XLF (4
PR

LF=50 =¥ 60Hz
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Shorts in control card, loose
connector, and more.

LF >XLF scr

firing freq.
O 2U3xLF 4 e

15.5 DC motors: DC motor hunting T i Hi 115 B e 2
Symptoms: Sidebands around SCR firing frequency $51F: SCR #1345 i1

If there is a fault in the speed comparator MRS EF LR (Pl HELMEE, B

card (circuit) the speed of the drive will not H A S INTE I 5
be constant — it will fluctuate by a small LRI 22 MRS«

Radial
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RPM amount. As a result you may see that
the 1Xpeak in the spectrum is broader and
lower than normal (if the speed varies while
the spectrum is collected), and you will see
sidebands around the SCR firing frequency
peak. The sidebands will be separated by
the amount that the RPM is varying.

Spectrum: A high resolution spectrum will
be required to see the
sidebands. Changing the number of
averages will change the amplitude and
shape of the 1X peak — with more averages
the peak will smear more (broader and
lower amplitude). If you can look at a live
high resolution spectrum and graphically
zoom in on the 1X peak you may see the
peak moving higher and lower in frequency.

SCR = 3xLF if half-wave rectification or
6xLF if full-wave rectification

LF =50 Hz or 60 Hz

GURPRAEE 21X (EARTE, IREIE
WAL CHMEBEARAR, REHE , @
SHEH] SCR MR Ll . ik
AL B RE o

PG oA REE I . AT
B 2R IXIRAERTBAR, P,
WA A (AZDEARAR) o WK HI LI
ARG, IFIBOR X, URe T 2
IX R 8.

SCR=3XLF C-y#y) 8 6XLF (4>
PR

LF=50 = 60Hz
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Faults in comparitor card
(speed fluctuation)

SCR
firing freq.

1X

lE}{

High res.

Zoom

+ /- RPM variation
sidebands

16 Gearbox: Gear mesh %t W& =

Symptoms: High gearmesh (number of teeth times running speed)$F1E: K81 445

RN =

Radial
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It is common to witness a peak at the
gearmesh frequency. However, if the
amplitude of the peak increases, or
harmonics develop, or the sidebands of the
input or output speed grow in amplitude,
then it is highly likely that a fault is
developing in the gearbox.

It is up to you what to do next. If you
carefully analyze the spectrum and analyze
a time waveform (that has been measured
correctly) it is possible to pinpoint the fault
condition.

These frequencies will be most prominent in
the radial direction for spur gears, and in the
axial direction for helical gears.

Gear mesh = Number of teeth x Shaft speed

Output speed = Input speed x Input
teeth/Output teeth

Spectrum: Your Fmax should be set to
equal or exceed approximately 3.3 times the
gearmesh frequency in order to view up to
3XxGMF its sidebands. However you also
need enough resolution to be able to clearly
see the sidebands.

Time waveform: TWA is your best tool for
detecting and  diagnosing  gearbox
faults. You need to ensure, however, that
you can see a sufficient number of gear
rotations, and have the resolution to see
each individual tooth mesh.

Wear particle analysis: WPA is an
excellent tool for the early detection of many
gear faults.

GMF B AR 15 o 5 FLw (8 sl i
TR IR, S E A R K
A2 A e AR A AT R IEAE R

X E AR, KPR AR T,
X TRATRS IR LBIR A Rl 1) o

GMF=1i % X Fhi

B L e S = Nl X N AR A
H A AT AR

B HTAR S . b T M BXGMF
NIy, A HTR I E N 3.3XGMF,
IHERARENAG, EREEIG LW, 7
Mr s th A IE .

I . BEARAT R A2 i il A s
B A BRI TR 3 94

PRI AT REfs 591 A B A R e
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Gears
1X41x
P
2X
|_|1x
0 4 8 12 16 20 24 28 32 36 40

Orders

16.1 Gearbox: Tooth wear 545: A4 BE

Symptoms: 1X sidebands around the gearmesh frequency ¥5ff: GMF f 1X iy

When teeth begin to wear, two things will

h First the sidebands of " YR TR BER, S BRI AMIEYE. 1.
appen. First the sidebands of gear mes VI Ol Y A B L= 3 =
will increase in amplitude. The sidebands GMF 12745 [P IR AR 25 39 K o 1232071 il A %
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will correspond to the speed of the gear that
is worn.

Second, the natural frequency of the gear is
excited. This peak will also exhibit
sidebands, and as a natural frequency, it is
likely to have a broader base.

Gear mesh = Number of teeth x Shaft speed

Output speed = Input speed x Input
teeth/Output teeth

Spectrum: The key sign is an increase in
sidebands — the number of sidebands and
their amplitude. 3xGMF will often increase
in amplitude.

Time waveform: There will be increased
modulation of the gear mesh frequency
which will be visible in the waveform.

Wear particle analysis: WPA is an
excellent tool as it will warn you about the
increase in particle count and through a
study of the size, shape, composition and
color of the particles.

O PR 453 LAY 8 PRV 0

2. A R AT MR Gnf. Gnf Al
WAL, ARAT Al BESAT AR IR 5 o

GMF=1i % X Fhi

B L e S = Nl X N AR A
H A AT A

i BRI KR
BRI K. 3XGMF IR (i 3 1 2
k.

RS . GMF IRk ] .

FERE AT BRI RN IR 4Lk
B S AL SR AR EA T FIWT

118



VIBSOSIEF Mobius inStitUte:j;\'ggj;z\i%l iAgflysis Definitions M/ 2

Gears: Tooth wear

1% 3GM

Gnf GM
3 1X 2GM

0 4 8 12 16 20 24 28 32 36 40
Orders

16.2 Gearbox: Tooth load %i#¢: it
Symptoms: High gearmesh frequency %#1f: GMF lE{H &5

The level of the tooth mesh frequency is IXGMF (e EE e TN T4k, PR
dependent on the alignment of the shafts

1k F15 Py EYEN =y N
carrying the gears, and the load on the gear. RIS AT DL, IXGMF AR H A

Radial
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A high peak at the gear mesh frequency

does not necessarily indicate a problem,
however an increase in amplitude without
an increase in sidebands or harmonics
suggests that tooth load has increased.

Gear mesh = Number of teeth x Shaft speed

Output speed = Input speed x Input
teeth/Output teeth

Symptoms: High gearmesh frequency

Spectrum: The key sign is an increase in
the gear mesh peak. There will not
necessarily be a change in harmonics of
gear mesh or sidebands.

Time waveform: The gearmesh frequency
vibration will increase in vibration which
should be visible in the waveform.

Wear particle analysis: Unless wear
occurs, oil analysis and wear particle
analysis will not reveal this condition.

g R . SR AT 1 i (R
BATHI, TRR WA R SO 8AE R

GMF=1A % X fh

B L A S = N X N TR R A
H A AT AR

FRE: GMF TiE{E 5

Wik OCHEE AXGMF TR{E, X HEA—
SE A& GMF 1SN AT (1224 o

I 435 1 « GM R R K BE A8 N i 1
& 2

BRI BRARAC A BE Y, i A A
P RL 3 At AN BE A HIL Lt
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Gears: Tooth Load

1X 1X
ZX}\ =
Uﬂu‘ AU MM
0 4 8 12 16 20 24 28 32 36 40
Orders

16.3 Gearbox: Eccentric gears i#¢: /L A%
Symptoms: 1X sideband around the gearmesh frequencyGMF %#1E: GMF £ 1X i
Gits
If a gear is eccentric (or the shaft is bent),

It a gear is ecce the shaftis ben), L REHRHLK REHRTI) |
ere will be an increase in the amplitude o Y + F I A s it 2
the sidebands around the gear mesh M2 GMFEIX T {H . g
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frequency. The key is that rather than
witnessing a family of sidebands, there may
only be one dominant sideband on either
side of the gear mesh peak.

In addition, it is not uncommon to see an
increase in the 1XxGM and 3xGM peaks.

Eccentricity can result in backlash, therefore
you may also witness a peak at the natural
frequency of the gear. This peaks (whose
frequency is unknown) will also have 1X
sidebands.

Gear mesh = Number of teeth x Shaft speed

Output speed = Input speed x Input
teeth/Output teeth

Spectrum: The sideband frequency will
correspond to the RPM of the eccentric gear,
or the gear whose shatft is bent.

Time waveform: Thanks to the increase in
turning speed modulation, the waveform
should show a rise and fall in amplitude at a
rate equal to the turning speed of the
offending shatft.

Wear particle analysis: Unless wear
occurs, oil analysis and wear particle
analysis will not reveal this condition.

GMF P oA o 35 ey A9y, 1
e[Sty

AN, AIXGMF fl 3AXGMF IE{E 18 -KAR
WL,

Do 2> P B AR, XA R A e
AT, AR IR CRAD 2f
1X 7t .

GMF=1A % X fh
o B A T =t N B X B N e T B

H A AT

AR« T AR A i /O PR AT 5 7S
TP el

ISR RS, LA B
UAFHERSN I AvSE e et Bl M ol N &

BRI BRARACA S, whi A
BERL I3 BT AN e A BIL I i o
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Gears: Eccentricity

1X GM 3GM
Gnf % 2GM
‘ A
0 4 8 12 16 20 24 28 32 36 40

Orders

16.4 Gearbox: Misaligned gears th%6: t¥A %

Symptoms: 1X sideband around the gearmesh frequency harmonics %#4k: GMF i
AT 1X At

Misalignment often causes a high 2X K S8 2X EETREs K. 24
turning speed vibration. When gears are

TEEA NYO N AN | =3
misaligned you will see the gear mesh peak KA, 208 5] IXGFM i fEiH
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increase in amplitude, but the 2X gear
mesh peaks will increase far more.

While 1X turning speed sidebands will be
present, 2X sidebands will be stronger.

The 3xGM peak and its sidebands will also
increase in amplitude, therefore it is
important to set your Fmax above this
frequency.

Gear mesh = Number of teeth x Shaft
speed

Output speed = Input speed x Input
teeth/Output teeth

Spectrum: The 2X gear mesh peaks should
be elevated, and the 2X turning speed
sidebands should be higher in amplitude
than the 1X sidebands.

Time waveform: The time waveform will
have 2X turning speed modulation, and
potentially the 2X gear mesh will be strong
in the waveform.

Wear particle analysis: An uneven wear
pattern is likely to develop on the teeth due
to the angular contact; therefore you will be
able to detect the wear particles.

K, A& 2XGMF K26k,
IX A I, 2X A e 2 oK.

3XGFM AL MR g, BFrbly
Hraii Fmax KT AR AR 2

GMF=1 % X Fh#t

B 3 e = N X N AT RS R
H AT AT A

A, 2XGMF [HIRAE N iZ & TS 1,
2X A IEAE 2 b X A B R

NI G . 2X BRG], 2XGMF B

PR AT i PR, o BBk
ANEEY ST B, DRI E AR DN 21 B 453 (140 R
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Gears: Misalignment

8 12

1X An 2GM
2X ‘
A 1X
4 16 20 24 28 32

16.5 Gearbox: Gear backlash 4%: ##JFR

Symptoms: 1X sidebands around the gear mesh frequency #51E: GMF 4 1X 1%

Backlash often results when the gear is T O 2 S EUERAME, S E
eccentric, therefore we will see an increase B GEM [ 1X s e, thids vt

in amplitude of the 1X sidebands around the
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gearing mesh peak. The sidebands will
correspond to the speed of the gear that is
eccentric.

The impacting that results will excite the
natural frequency of the gear. We do not
know this frequency, but when a peak rises,
with a broad base, with 1X sidebands, it is
likely to be the natural frequency of the
gear.

Gear mesh = Number of teeth x Shaft
speed

Output speed = Input speed x Input
teeth/Output teeth

Spectrum: The sideband frequency will
correspond to the RPM of the eccentric gear,
or the gear whose shatft is bent.

Time waveform: Thanks to the increase in
turning speed modulation, the waveform
should show a rise and fall in amplitude at a
rate equal to the turning speed of the
offending shatft.

Wear particle analysis: Unless wear
occurs, oil analysis and wear particle
analysis will not reveal this condition.

I QLo ) AT

iy POk AT R [ AT AR . BAT I AN RIE
AR Z D, B AT DM HCRAT 1X
27, HARHEE AR, XDPERIRE
] HE S AR IR [ A7 A0

GMF=1A % X fh
o B A T =t N B X B N e T B

H A AT
PG = 3201 X6 L PR Lo FR) 247 % S )
et o

NI i TR G, T LA 2
TR AL A i o e e ek o 40 R el

BRI BRARBESUARZE, Wi A
BERL 3 BT AN e A LM i i o
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Gears: backlash

1X GM 3GM
Gnf 1X 2GM

0 4 8 12 16 20 24 28 32 36 40
Orders

16.6 Gearbox: Cracked or broken tooth A %5: WriAr

High 1X radial / Gear natural frequency / 1X sidebands around the gearmesh

frequency $ffE: 1X 2 [A/GNnfIGMF [1] 1X 17

A cracked or broken tooth will generate a 1 2wl W IRA R 2 7 A X A &
high amplitude peak at the turning speed of

that gear, and it will cause the gear natural

frequency to be excited. There will be 1X

Radial
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sidebands around the gear natural
frequency (1X of the gear with the damaged
tooth).

There is no way to know ahead of time what
the gear natural frequency is. You must
watch for a new peak in the spectrum that
has a broad base and sidebands as
described.

Spectrum: Look for the gear natural
frequency peak with sidebands. Spectrum
analysis is not the best diagnostic tool.

Time waveform:If you view a time
waveform that contains approximately 6-10
revolutions of the gear in question then the
vibration change as the tooth comes into
mesh should be clear to see. Circle plots
and time synchronous averaging are also
very useful analysis tools.

Wear particle analysis: Metal from the
gear should be detected in wear particle
analysis tests (and hopefully oil analysis
tests as well).

A 45Z (Gnf) , H Gnf A5 1X i1 (K

BEIATRE) .

KA INEARTTENE Gnf 22 /b, IR0
P RIS HHOBT L L PR AT T e s 1R
Y Suki

Wi kB Gnf LI, MEAE i
arr i T H

IR . B 6-10 JA 1K i i d i
B, e HE (15 B W (1) U 7w ot
R MBS DL, Wb R fg e —
e R R S/ QL T T B A po 2 S P
IR R i T H .

FERL -
=

A BERL I ) AT e E 1 <
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Gears: Cracked or broken tooth

1X

Gnf

1X = GM

0 2 4 6 8 10 12 14 16 18 20
Orders

16.7 Gearbox: Hunting tooth frequency i#¢: 1B& K%

Symptoms: Hunting tooth frequency and 2xHT $51iE: BZ AR HT Al 2xHT

The so-called "hunting tooth frequency” is
the rate at which a tooth in one gear mates
with a particular tooth in the other gear. If

Radial

129



Mobius institute:Vibration Analysis Definitions

IR TR X

<ok

BZEN e NN IA T 5 50— A
R E N A WA IR . W R A St
R, 1.

the gear ratio is an integer such a 1, 2 or 3,
the hunting tooth frequency will be the RPM
of the larger gear, and the same teeth will
be in contact once per revolution. This will
cause uneven wear on the gears - a small
defect in one tooth will repeatedly contact
the same teeth in the other gear causing
localized wear on those teeth.

In practice, the hunting tooth frequency is
used to detect faults on both the gear and
pinion that may have occurred during
manufacturing or as a result of mishandling.
It is typically a low frequency, and you can
hear a "growling" sound from the gearbox.

Spectrum: You may see a low frequency
peak in the spectrum that confirms the low
frequency growl you may hear.

Time waveform: Being a low frequency the
time base of the time waveform will have to
be long enough in order to see the change
in vibration each time the two teeth come
into mesh. Depending upon the number of
teeth on each gear, then you may need to
view 30 shaft rotations in order to see a few
mesh events.

Wear particle analysis: Unless metal is
lost you will not detect this fault with olil
analysis or wear particle analysis.

HFD: Impacting will generate stress waves
and excite natural frequencies in the bands
used by  demod/enveloping/PeakVue,
etc. Therefore you should expect to see

harmonics of 1X turning speed in your
demod/envelope/PeakVue etc. spectrum.

2. 3, BBBEWNIRSZERNNIET RPM,
R — B SWE S FRIM . XS T
WA SR — AN L/ NI 2
H5—MARRME— MR EEN S, &
JE X A SRy B A

e b, GBI RHRE IR AR /N A
BeAE A I REAN R A b A A I B
W H R, ARV WA R ARAE “ Iy

P B AR, X LR
LR AR E 1 o

INIEIE 2, BB K
(8 30 ) WELlK, AaeEsIk
e W I R ) e B

BRI AT BRARA ), Mo A AN
FLo M ANRE A LIt
HFD: i i 7 A s 7 8¢ I IOk R A B

I A0 . (EMEH 2% PeakVue i
S E B AX HA A
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Gears: Hunting Tooth

1X
2HT J
1

o
Orders

17 Couplings B2

17.1Couplings: Coupling unbalance B4l 2s: el 28 A1

Symptoms: High 1X radial $§1iF: 21X W {E & 12 i)

Radial
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The coupling may be out-of-balance for a
number of reasons: lost part, incorrect
assembly, key fitted incorrectly, excessive
lubrication in a gearflex coupling and more.
Like all unbalance forces you will witness a
strong source of vibration in the radial
direction at the turning speed of the shaft.

Spectrum: Look for a high 1X peak in the
spectrum. It should be seen on spectra
taken in the vertical and horizontal direction
on the components on either side of the
coupling.

Waveform: There should be a strong
sinusoidal shape to the waveform
(especially when viewed in velocity or
displacement).

Phase: There should be a 90° phase
difference between the vertical and
horizontal readings.

Strobe: You should freeze the coupling to
see if the source of unbalance is visible.

WA AT LU R R AR A
B, waURAhasE 245, &
I RAT 870, IRaE 2R 1X
SLNIENETP

PG B I 5 o 0 T ELR K 1)
R IX A

IS TR A RS B, R I i
o

AL T E KR 2002 90° 7%

PINA: IR R, EF A AT
(I

132



VIBSOSHRF Mobius i”StitUte}\)ggig%\ %Agflysis Definitions 5@\3

Coupling imbalance

2 3 4 2 6 T 8 9 10
Orders

17.2 Couplings: Non-parallel coupling faces Bcli2s: AFFAT1H
Symptoms: High 1X (small 2X) axial $F1iE: Flim) 1X MR m (2X M)

If the coupling is not true, i.e., has R s P v 2= B AT, IBA4s
non-parallel flange faces, a vibration pattern
similar to misalignment is produced. There

Radial
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will be a strong 1X axial vibration with an
additional 2X component.

This is different to shaft misalignment,
although it may be difficult to distinguish
between them with vibration readings.

Spectrum and phase readings will be useful.

Spectrum: Look for the high 1X peak in the
axial direction.

Waveform: A strong source of vibration at
the turning speed will cause the waveform
to look sinusoidal. If the units are velocity
and your time base is set so that you can
see more than 3 rotations and less than 20
shaft rotations then this pattern should be
obvious. Of course, you will need to
acquire the waveform in the axial direction.

Phase: There will be a 180° phase shift
across the coupling in the axial
direction. Ensure that you adjust for sensor
orientation.

PSR RIS . il AR
1) 1X, A 2X,

R AN B AN R, E R AR T i
HBEATX 7).

PRV ML 2 H
P A 1X R A

I BB RS 0 IR, T
J& 3-20 JH, R, 2F R 1X
DR 1P o

FHAE . I 5 o 00 4l v AR 22 180°, ¥
SN RS Gt
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Coupling (non-parallel face)

17.3 Couplings: Coupling wear B4 ge: el 2% B

p=in

~N

Symptoms: Harmonics of 1X HfiE:  1X 4

A worn coupling can present with the same

9 10
Orders

_ Sl 8 B 4 BRAA B AP IE — B FE Y
symptoms as looseness: a strong series of

=N
turning speed harmonics. X 12N
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Note that the vibration associated with
looseness would normally be seen on the
component that is suffering from looseness.
In the case of coupling wear, the vibration
should be detectable on both components
that are coupled together.

Note that 3-jaw couplings will show 3X
vibration — see the separate section.

Spectrum: Coupling wear will generate a
large number of harmonics and may cause
the noise floor to rise.

Phase: Coupling wear generates "random”
vibration, so the phase is erratic. It is
important to view the phase reading "live” so
you can see if the phase reading (relative to
the tachometer or relative to another point
on the machine) is steady.

Waveform: Impacting is quite obvious in
the time waveform. It is best to use units of
acceleration (g’s or mm/sec?).

HFD: Impacting will generate stress waves
and excite natural frequencies in the bands
used by  demod/enveloping/PeakVue,
etc. Therefore you should expect to see
harmonics of 1X turning speed in your
demod/envelope/PeakVue etc. spectrum.

ER, fashJr A RshIE T L REErA )
Ry B 2. M A8, ksl e
FEIRAN S EFL P AR _EFR A

VER, 324 3X Jikall, 165
HRRFTT

PG IR AR A 2 A AX IS R]
AE 3 BUR AR A R o

FAGL: WA e B 1 o 7 2E “BEHL” sl
P DAL AN E 1 o SEI AR AL R
TR E R R AR e A T3
DI

IR e s B e P IR I, B
U NG BE sfy . (g's 5% mm/sec?)

HFD: b2 7= A2 A0 B N 1 Hs 3 Fn
WOk LRI, n] DA A %)
PeakVue %§. FTUL&7EME S+ A 2
X R
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17.4 Couplings: Misaligned 3-jaw coupling BtAli#s: 3 JIUBHIZE AN A
Symptoms: High 3X radial £¢fE: 3X 12 [a] i E =

A 3-jaw coupling will exhibit high 3X 3 JNEEE s U AR I, &p74 3X &

vibration if it is misaligned. It is common for S R
peaks at 6X and 9X to also be visible. {i. 68X\ OX VAT HIIARIE R -

Radial/Axial
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Note that a 4-jaw coupling will exhibit
vibration at 4X (and commonly 8X and 12X).

Spectrum: Look for the 3X, 6X and 9X
peaks.

Waveform: If the spectrum is dominated by
3X vibration then this pattern will also be
visible in the waveform. The waveform will
not add a great deal to the diagnosis. If 6X
and 9X vibration is also present then the
waveform will be even more complicated.

Coupling misalignment

3X

R 4 NEAhZs 27742 4X ORI 8X.
12X)

//J\-[/El %% 3X\ 6X\ 9Xo

RFERpE . Hkh 3X 3%, Wikt
g, PIERIIAK, WA 6X. 9X,
AW B E A

6 7 8 9 10
Orders

Radial
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17.5Couplings: Locked gearflex coupling Béfli#s: A ECa oS £4T

Symptoms: High 3X radial £#1E: 3X 12 [ i

A gearflex coupling must be properly
lubricated so that the teeth are able to make
sliding contact. It is essential that the correct
lubricant is used. If the coupling locks, there
is no sliding contact and the machine
behaves as if it has a solid shaft, twisting it
in an "s” shape. This generates high axial
vibration and has been known to generate a
high 3X vibration.

It is also common to find that the vibration
changes suddenly from the "unlocked”
(correct) to the "locked” state. Stopping and
restarting the machine may unlock the
coupling, enabling it to perform correctly.
But it may lock again, increasing vibration
levels, and increasing loads on the coupled
components (and bearings, shaft and
coupling).

Spectrum: Look for high axial vibration and
the presence of the 3X peak.

Phase readings: Phase readings will
provide an indication that the coupling is
locked as it will behave like a solid shaft.

Additional test: Stop the machine and start
it again (if possible).

Strobe: Viewing the coupling with a strobe
may give you a clue to what is happening.

A IR Al A 2B, XA A RE
Tl IEGRIRIE R R EE, Wk
WAy RAE, A SATIESh A, B
UG NIPER, R ST M. X
PAAEAR KIS 1) e sl IS AT AR 3X 1
{H.

A A A A Bt RS DI < RAE”
WG, Ieah RN, ZKIRF . H
R el By, EEEwW L
o AHETREFCRATE, IREHSAK,
s B AR Clzk . b, HKh
)

P AR RSl & 3X A

FAGL: I5RAh s~ AE, RILM B NITEH,
L S AR LF I FE 7R o

g AZHURJEITHL ClnR el )

PRINAS: A P ATUN SO SR IC AN &%, W RE
KR 22 Ty 38
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18 Belt drives i[i{£ %))

18.1Belt drives: Worn belts HifE5): F iy B

Symptoms: Belt rate with harmonics FFfiE: 1738 i 4 2 1 45
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If a belt is worn or loose you will witness a
peak at the belt rate, and harmonics. The
highest amplitude peak in the series will
often be the twice the belt rate frequency.

The key forcing frequency is known as the
"belt rate" or "fundamental belt pass
frequency". It is the rate at which a point on
the belt passes a fixed reference point. It is
always less that the speed of either sheave.

It is calculated as follows:

Driven RPM =Driving RPM x Driving sheave
diameter/Driven sheave diameter

Belt freq = Pl x Sheave RPM x Sheave
diameter/Belt length

Where Pl = 3.1416

Spectrum: Look for the belt rate peak
(sub-synchronous) and
harmonics. Sometimes the belt rate peak
may be cut off by the high pass filter, but the
harmonics will be present.

Time waveform: If the belts are simply
worn then the time waveform will not be the
best analysis tool. If a belt has a distinct
point of damage then there will be an event
in the waveform once per belt revolution.

Strobe: A strobe is a very useful tool. If
you use the strobe to freeze the movement
of the belts then you can inspect them
without stopping the machine. You can
also detect slip on multi-belt systems.

WIS R A AR s BRI, AR A B Bty 1
TEAIAR S Ao 2X 7 i T I AR [ e
AN =Ny —
= BA] o

REEMAR R “ Bl R, EER
Bty b R ] E 22 N
BN TAE R IR e i

AR

BT =PI x 14 RPM x 4G 11
el

P1=3.1416

Wik AR ROl R (EEDD K
B A7 I B 3 S A4 e e

(EE I A AE o

AR I s SR Ry S B, I
TEBERI . QR B A A AT W] 245
Y3, Beshpie—fH, #aAT i

PRI BRNBGEARAT A R . A
L, BREEE BT IR, BRAEZ
Bty TR Bl o
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Belt wear
2BR 4y

Radial

BIR 3BR |
0 1 2 3

4 o
Orders

18.2 Belt drives: Sheave misalignment 151550 f#E A o
Symptoms: High 1X axial £4iE : 1X flf [m) A8 =

Misalignment of sheaves produces high PN T 2 P2 A B Cl AL R )

vibration at 1X turning speed of each ; I
component (e.g. fan and motor), S IR 1X WA
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predominantly in the axial direction. On
occasion you will also see harmonics of belt
rate (belt frequency) in the axial direction.

Misalignment can take one or more of three
forms — see the graphic.

Spectrum: Look for the high 1X peak in the
axial direction.

Time waveform: The velocity time
waveform should look quite sinusoidal
unless there are other sources of vibration
from the machine.

Phase: Phase readings taken in the axial
direction on both components (motor and
fan, for example) will be approximately 180°
out of phase.

A7 I Sl 1) B RE AR 2 B i G I AR Ao

Axfhfr =FE, AE .
P A A ] 1X IR

NGB BRI I EIRSNIR,
A7 PRI S8 T A2 T 8 o

AL PSR CRRALAT AL A% 1)
A7 =4 180°.
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Belt Misalignment

1X Fan/Motor

0 1 2 3
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18.3Belt drives: Belt resonance #i4&%): 2y LR
Symptoms: High 1X radial £ffF: 1X 42 [l =

Resonance in the belt can cause high N5 37 2 [ 45 A% 1 4 R BRK 20 Ak B 5h

amplitudes if the belt's natural frequency i L0 (7 PN Jp 1 e A S
should happen to coincide with either the Hifel RPM ey, R4 Rt ™
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driving or driven sheave RPM. The natural
frequency can be altered by either changing
the length or tension of the belt.

Spectrum: If the belt's natural frequency
coincides with the RPM of either driven
component then you expect that the 1X
peak to increase in amplitude. The base of
the peak may be more broad than normal.

Run-up test:If you can monitor the
vibration as the machine comes up to speed
you will expect to see the 1X amplitude
increase quickly as it reaches its nominal
RPM.

Strobe: If you synchronize the strobe with
the RPM of the driven or driving
sheave/pulley RPM then you may be able to
see the belts "flapping”.

AEAR R AR o SO R IR AN 5K
o VAR S TR AT A
P = QSR BT [ A A AT — R e

RPM #1F], IASER X TE{EAZ K,
JE R 7 A £ A .

JEMLIAR: B A e BT R
AT R RN, AX IR 2 PR K

BAA: A5 5 B A
o LEBEH AT
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19 Things you should know

19.1 Things you should know: Warning %45
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There is a lot to learn about vibration
analysis and diagnosing machine faults.
This product does not provide the entire
story. It is designed to provide you with a
reminder of what you hopefully already
know; it is not designed to provide you with
definitive information that you could use to
diagnose a fault.

In addition, there are a large number of
different details (type of coupling, type of
machine, the speed of the machine, and
much more) that can mean that the
spectrum could like quite different to the
spectra shown in this product.

Or to put it another way, and to keep the
lawyers happy, don’t base critical decisions
on the information found in this product.

XL BEAT Y sl 23 i i 5 EEARE AR
. AP EEAS. S,

Hoh, EARZAFNER OREaEE
R BRI, BAHESE) , XK
FRUG AT FT AN o

AW R A, BA DT,

19.2 Things you should know: Data Analysis %423 #7

In general we have commented on the use
of spectra, time waveforms, phase, strobes,
HFD, ultrasound and wear particle analysis.

Spectra: We will often comment on patterns
that may require measurements from
specific axes (vertical, horizontal and axial),
and we may comment on the need to
measure up to a specific Fmax value to
ensure that the frequencies of interest are
measured. We may also comment on the
resolution required, particularly in relation to
sidebands — if you do not have the required
resolution you may not be able to detect the
presence of the sidebands.

Note that the peaks referred to as ‘1X’, ‘2X’
etc. relates to the turning speed of the shaft.
‘1X’ is the turning speed. ‘2X’ is twice the
turning speed. Note that a machine may
have multiple shafts that turn at different
speeds.

Note also that the spectral plots are all
displayed in velocity. (If they were in
displacement or acceleration the relative
amplitudes between high frequency and low
frequency peaks would be quite different.)

Waveforms: There are generally two keys
to collecting waveforms correctly. First, if the
waveform is in units of acceleration is it
easier to detect bearing, looseness, and
gearbox faults (faults that involve impacts

MR, BATTRE] T3 L I
AL SN HFD. HR . R AT

P ATV R BN L KT
Bl e (Kt o EEBE S Y Fmax B
RPHTH, DAE I S, b
EREGHN PR, AT ELW.

TERG, IX. 2X WfH, 1R8I0 1 f58m
R G oy e A - S e e S I N
%ﬁo

MG A o AL (IR
SRR BT, S U A
AT

ISR T s SRAEI ST P AR 2
B I RS S WA . R
g, ek b RS OO 1RA
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and wear). If the waveform is in units of

velocity, faults such as unbalance,
misalignment and other smoother, lower
frequency faults will be easier to detect.

Phase: Phase is a very useful diagnostic
tool — it can help you to determine the exact
nature of a fault after spectra or waveform
measurements give you a clue that a fault
exists.

All phase angles cited (e.g. "in-phase”, "90°
out of phase”, and "180° out of phase”) are
not exact values. In each case you can be
up to 30° different and still feel that the rule
is true.

Remember to correct the phase readings
based on the orientation of the
accelerometer.

HFD: We have used ‘HFD’ as the generic
term for all of the high frequency detection
tools such as demodulation, acceleration
enveloping, PeakVue, Shock Pulse, Spike
Energy, and SWAN. Yes, these methods all
have their differences, but for this
application we have added the ‘HFD’
information to denote whether these high
frequency  methods  should  provide
additional diagnostic information.

Strobe: A stroboscope is an excellent tool
for observing components that are normally
rotating. By synching the strobe with the
rotation speed (or other key frequency) it
can be possible to make very important and
revealing observations.

Wear particle analysis: Primarily in the
gearbox section, we have also added some
comments related to the application of wear
particle analysis and oil analysis. These are
excellent tools, and in the case of gears and
oil lubricated bearings, this technology can
provide an early warning and clear
diagnostic information.

o B, LN S WA
ARErb S S e AR R ARAT 3

AL HBAARA T 7RI A
B2 1 IEPR VA PR INp

P 51 B A AL A S Cantin-phase”,
"90° out of phase”, and "180° out of
phase”) ZEAN KRG I1) 1 5 1% 22 +30°,
FRMATSIR A R o

AR LGB 5 3 T o Tk 58 A SRt 1) 2 2
Ji 1A

HFD: AL “HFD” fF A ks
FARMIGRR, 4. . PeakVue,
Shock Pulse, Spike Energy, SWAN.

EARIXEEHOR K H AR BT U], H 2
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19.3 Things you should know: Useful facts 4 115 &

Here are a few terms and abbreviations we
use;:

TS: Turning Speed [The speed of the shaft
in question]

TA I PR R RN 5
TS: B CHREREAIH D
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1xTS: Shaft Turning Speed [The speed of
the shaft in question]

2xTS: Twice the shaft Turning Speed [The
speed of the shaft in question]

1X: One times the turning speed of the shaft
2X: Two times the turning speed of the shaft
LF: Line frequency [50 Hz or 60 Hz]

2xLF: Twice line frequency (100 Hz or 120
Hz)

GM: Gearmesh frequency [The number of
teeth on the gear times the turning speed of
the gear]

Gnf: Gear Natural Frequency [The natural
frequency is unknown, but if there is
impacting or wear in the gears the natural
frequency will be excited and the peak
(hump) will appear]

PV: Pump Vane rate [The number of vanes
on the pump times the turning speed]

BP: Blade Pass rate [The number of blades
on the fan times the turning speed]

BPFO: Ball Pass Frequency Outer-race
[The rate at which a ball or roller will pass a
point on the outer race]

BPFI: Ball Pass Frequency Inner-race [The
rate at which a ball or roller will pass a point
on the inner race]

BSF: Ball Spin Frequency [The rate at
which a point on a ball or roller will contact
the inner OR outer race]

FTF: Fundamental Train Frequency [The
rate at which the bearing cage travels
around the bearing. Also called the Cage
Rate.]

Orders: Multiples of the turning speed of
the shaft

PP: Pole Pass frequency [The slip
frequency times the number of poles.]>

Slip: Slip  frequency [The difference
between the actual RPM and the
synchronous speed.]

AXTS: Bl e sl (s 5
2xTS:2 5 AE ST GRRE R Rl 5D
AX: — Al

2X:2 fE R

LF:240 (50 5t 60HZ)

2xLF: 2 {54450 (100 B 120Hz)
GM: 5 ek AR (G E X #553)

Gnf: kAT MR GZIRAK, W
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19.4Things you should know: Spectral Ski-slope 1 &5 3

Symptoms: High near 0 Hz, decaying down across the spectrum %#{iE: 1T OHz,

i (LR T 9

If you see the classic ski-slope curve, then
there is either a fault with the sensor, or the
sensor experienced a shock/transient
during the measurement process. The
transient may be mechanical (the sensor
was bumped, or experienced very high
vibration), thermal (the sensor was placed
on a very hot or cold surface), or electrical.

The spectrum will have a ski-slope and a
raised noise-floor at the high frequency end
of the spectrum if the transducer becomes
"saturated”. This typically occurs when there
is a source of high vibration at high
frequency such as cavitation.

WERE Bl T S o2k, ) fefll
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Ski slope (bad measurement or very
high frequency/amplitude)
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19.5Things you should know: Raised noise floor J&& I 7= 5 1L

Symptoms: Bottom of spectrum raised $F4E: JE M A AT

If the entire noise floor is raised, it is WX S e, 1] BE A il K g

possible that you have extreme bearing oo 15 25 2k -~

wear. If the noise is biased toward the ?Ejiji ﬁff %F@fﬂ?@/)" nlie
ZERAARNE R, AR

higher frequencies, then you may have
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process or flow noise, with cavitation
possible.

Smaller "humps" may be due to resonance
(possibly excited by bearing damage,
cavitation, looseness, rubs, or impacting), or
closely spaced sidebands. A high resolution
measurement (or graphical zoom and a log
scale) may reveal whether the source is
sidebands or a resonance. If you can
change machine speed, the resonant
frequency will not move — but the other
peaks will. Sidebands will typically be
symmetrical around a dominant peak, for
example 1X, 2X, 2xLF (100 or 120 Hz), etc.

AN BRI nTRESE i TR ClR R
i Aok, #AZD. BEHE. b Blid
TR . =R (zoom 44K D)RE
O EE ) A LAA S RIS S 1t .
FARSCL A5 T, ILIRIE A S50,
ML e MgEBs). Bl E—4
TBNEAE P MFR, W X, 2X. 2xLF
(100 or 120 Hz), %%,
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Noise Floor
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Raised Noise Floor: Cavitation

0 1 2 3 - 5 6 7 8 9 10

11 12
Frequency (Orders)

19.6 Things you should know: External noise #hiilg 7

Symptoms: Non-synchronous peak 454iF: R[5 164

You will often find a peak in a spectrum that AR 5 o F5 B R vh BEAS IR AR M fid
is difficult to explain. Before you jump to

y o Q:I: \/\A‘L‘y == 2 T :H:
conclusions, you may like to rule-out the Fo fEi RERIRNT, s fadt
possibility that the vibration is from another
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machine or process. Vibration can be
transmitted through the foundations and
structural supports.

Peaks can also appear at a strange
frequency because it is the sum of two other
frequencies in the machine. Peaks can also
be related to resonance — there could be a
low amplitude source of vibration that
coincides with a natural frequency and is
amplified.

Note that vibration from external machines
may course damage (through false
brinelling) if the machine in question is often
in stand-by mode.
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