MOBIUS
INSTITUTE

N
T=T,xN=—=
s Fs 256X Fou Fog

T = Time required to collect the waveform (AIZIIIE S *+&ot=U 27&= Al2H)
Ts = Time between each sample (222 MZE A0l Al2}H)

Fs = Sampling rate = Samples per second (ME& =0, = ME %)

N = Number of samples (1024, 2048, 4096, etc.) (MZ 2=(JH=))

max

Resolution = —
lines

Bandwidth = Resoution X Window factor
Resolution (Z2dlls), Bandwidth (CHE =), Fmax (2O =Tb==), lines (2t2l=)

Window factor (& QI1XH)= 1 (no window/uniform/rectangular) = 1.5 (Hanning window)

Separating Frequency (2¢l JIs8 FIlz=) = 2 x Bandwidth (H¥ =) = 2 x Resolution (2alls) *

Window Factor (& ©QIX})

QAL = AHEH 2t21 = 2 x Window factor x Fmax / Separating Frequency

Accuracy of Frequency (at peak) (LIZ0IA =Iz=9 StAMH) = £ ¥4 x Resolution

Prime numbers (A=z=): 1, 3, 5, 7, 11, 13, 17, 19--

1 inch = 25.4 mm
imm = 0.039 inches

Trial weight calculation (A& = H4&H):

F
W =
K X R X N2

F = 10% of rotor mass divided by the number of bearings (3I& X 2ol 10%2 HOMHE =X2 Us)

in kg (< ko)

K=0.011

N = RPM/1000

R = Radius (2+&) in cm (&<l cm)
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Unit Conversions (&t B1&t)

19098 Vi 5217 Apms 27009 Vs 93712 Apms
Dpk—pk - Vpk - Dpk—pk - Vrms -
fcpm fcpm fcpm fcpm
D _ 9.958x107 Apms 4 _ fepmVpik D _ 2.53x10%Arms 4 _ fepmVrms
pk-pk fom rms 5217 pk-pk féom rms 93712
14 — fcmepk—pk A _ fczmepk 14 — fcmepk—pk A _ fczmepk—pk
pk 19098 TMS T 9958x107 | '™ 27009 rms 2.53x10°

= Displacement: micron pk—pk
= Velocity: mm/sec rms
Acceleration: g rms
ZFhb==: CPM

g rms = 9.8m/sec?

D = Displacement: mils pk—pk D
V = Velocity: in/sec pk v
A = Acceleration: g rms A
F
1

F =3Iz CPM

SO 10816-3 Vibration Severity Chart

1)
o
0,
-+
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11 0.43
- 7.1 0.28
4.5 0.18
3.5 0.14 =
=
2.8 0.11 883
oo
2.3 0.09 r
vV
1.4 0.06 =L
N o
oo
0.71 0.03 - T
mm/fsrms | inch/srms 3
flexible flexible Foundation
medium sized machines large machines
=
15kW < P = 300kW 300kW <P < 50MW Machine Type
motors motors
160mm=H < 315mm 315mm=<H
Group 2 Group 1 Group
New machine condition @ Short-term operation allowable

B unlimited long-term operation allowable m Vibration causes damage

If the lowest natural frequency of the combined machine and support system in the direction of measurement is higher
than its main excitation frequency (this is in most cases the rotational frequency) by at least 25 %, then the support
system may be considered rigid in that direction. All other support systems may be considered flexible.
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ISO 10816—-3 Vibration Severity Chart

140 5.51 9.
[ ] wn
113 445 O
— 90 3.54 g
71 2.80 g
57 2.24 )
45 1.77 3
37 1.46 o B
o
29 1.14 88
oo
22 0.87 r o
A
18 0.71 = o
[ =]
oo
11 0.43 S
. S 3
pm rms mil rms
flexible flexible Foundation
medium sized machines large machines
=
15kW < P = 300kW 300kW <P < 50MW Machine Type
motors motors
160mm=H< 315mm 315mm= H
Group 2 Group 1 Group
New machine condition E Short-term operation allowable

B unlimited long-term operation allowable m Vibration causes damage
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Transducer Operating Regions (ERHAZA 28 YY)

Frequency Range

100 o Beyi)nd' ampllﬁer voltége' ra'm'gle' —
10
Volts out 1 0.5 g broadband response ]
of the LA (1000 mV/g sensor) g)
Sensor -1 T g
.01 .
Operational Range o
.001 g
.000 1 S
—— (]
.00001 ""--..._“
.000 001
! Below electronic noise floor !
.000 0001
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Transducer Frequency Response
(== SE) — Magnets on Curved Transducer Frequency Response —
Sur faces Magnets on Flat Surfaces
Magnets for Curved Surfaces Flat Surface Magnet
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25 25
20 EﬁHz /T 2 6,20D HZ
§ 15 (336.000 cgm) é 15 {372,900 cpm 1
g S0 4 \ § Sio
= T 5 s
0 /V\'/ 0 —
-5 -520 100 Hz 1,000 10,000
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20 100 Hz 1,000 10,000
Frequency
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Transducer Frequency Response -
Stingers or Hand Held Probes

Transducer Frequency Response
Curves (ERHASAS =1l
S 2H)

Probe Tip (Stinger)

1,200 6,000 cpm 60,000 300,000
20
15 N
c 10 1 .’1 00 H7
o \\(66,000 prh)
S g 5 L
3 AN
a 0 i \
-5
i 020 100 1,000 5,000
HZ ) ’
Frequency

A ApA

Probe tip 2-pole Flat Adhesive Adhesive Stud
magnet magnet mountlng

pad

30+
20
104

04

-10

Relative sensitivity (dB)

_20 " " | . '
1 10 100 1k 10k 100k
Frequency (Hz)
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Transducer Effectiveness Regions (ERHASFAS SEHQl AIE YY)
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Imbalance (static) Imbalance (couple)
O o © O e ®
1X o 1x

$0°230° Botwaen $072 3% petwean

vartical and horizantal ] wertical and harizantsl L}
" E
[+ 4 B
0 1 Z 3 4 5 6 71 & 8 10 @ 1 =2 2® 4 & & T @& © 10
7 Mebary 3MM s dearr gt T Orders J © Hn 0 Orders
Imbalance (dynamic) Imbalance (overhung)
1X 1X —
BT 230" Batwann . 3
vertical and horizontsl ]
= [
& L
=
T
[-'4
® 1 =2 3 & 5 & T @& 8 10 ® 1 =2 3 4 5 & T @& 8 10
Mt e e Orders = Mt 00 e Orders
Imbalance (Vertical) Bent Shaft
- i FEY
In-phaws 1307
" - 2X =
- T
1X O g g
o L3

o 1 2 3 4 -] ] T & 8

10 1] 1 F 3 4 E] E T 8 ] 1o
€ Mol 50 e i s e Orders M e e A o Dredars
Eccentricity — Belt wear

1X Motor 3 BR l3pR | 3
& «
1] 1 2 3 0 1 2 3 4 5
Ml (548 s mdnm T Drders ) © Mol OO Orders )
Resonance (at 1X) Parallel Misalignment W
2X | &
1X [ N - &
3
3X .
1] 1 2 3 4 g ] T ] g 10 L] 1 2 3 4 5 ] T B ] 10
I Hodeas T rem Drders ) o Orders J
Angular Misalignment -9 L?: : Severe Misalignment
o e »
R ] SX 68X 7 3
l 3X <
1] 1 2 3 4 5 [ T B ] 10 0 1 2 3 4 5 -] ) B B 10
| B e G e Orders ) D D S e B T T Orders J
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Cocked bearing

Belt Misalignment

2X
1x 1X Fan/Motor
3X 2 E

[ 2 3 4 5 8 T B B 10 (] 1 2 3
0 i Orders T Pt 3000 v e e B Orders
Blade/vane pass Cavitation

BP 28P 5

VP VP -F

1X VP

L] 3 4 ] B

i 12 14 16 18 20

M

L] 4 B 12 16 20 24 28 32 36 40

L manad s o Orders ) € Pkt 3088 Orders |
Flow turbulence Ski slope (bad measurement or very
high frequency/amplitude)
1X
a 1 2 3 q B a 1 2 3 4 3 ] T B 2 10
R e g e Orders s Bl e e s - orders

F

d

Looseness: Structural

Looseness: Pedestal

1X
- 1X =
3X 3
, l 2
T SRy S SR L T e e ] 0 1 2 3 4 5 & 7 & @8 10
© M- 200 Orders J 1 immniaey i e rareraon o Ordars y
Looseness: Rotating Gears: Tooth wear
1X
2X
L 1x G G IGM - =
l L 2GM \
0 1 2 i 4 5 6 7 8 a 10 7 4 8 12 48 20 24 28 32 3& 40
Orders L] Orders |
Gears: Eccentricity & backlash Gears: Misalignment
1X GM 3GM 2 1% Ris 2GM
Gnf |l 2GM 2% S
LU ‘RERE!) -
S AN A W JAN AU 1 Jh
[1] F] ] 12 16 20 24 28 EF] 36 40 0 ] B 12 18 20 24 28 32 36 40
N e rwr e Ordars T ot SO0 e i e i Orders |
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Gears: Cracked or broken tooth Gears: Tooth Load
1X = _
— 2 g
E ki
1X Gnf 1;}:': o
J JL J.Gfl.-l LlJuU
A
L] 2 4 & 8 1 12 14 16 18 20 [ 4 [ 12 16 20 24 28 32 3 40
- Orders | Pmmp—— Orders |
Journal bearing oil whirl Journal Bearing Looseness
0.38X - 0.48X s
‘r &
(7 1 2 3 4 5 o 1 2 3 4 5 68 T 8 9 10
O M. S0 Orders ) £ B Y S ST Crdars y
Bearings:
il Broken/cracked rotor bars
108,000 CPH 880,000 TP ]
e e X 3X 3
zx @
L WL i 0
A )
0 1 2 3 a 5
YT, Y p— © etier 20w Orders
Broken/cracked rotor bars Eccentric rotor
Loose rotor bar joints
g :
RBF E 2xLF :
1X 2xLF 1X =
PPF PPF F
A MLU
0 10 0 30 40 50 0 1 2 ] 4 5
© e Orders 0 P, 28T Qrders |
Stator Eccentricity, Loose Iron, Grounding fault or turning fault
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3 SCR 3
2xLF E firing freq. E
1 1X
r 2X
a 1 2 E] 4 5
) ey Mk e BarEma v Drdars J o Milplen: 200 J
Phase loss Shorts in control card, loose
connector, and more,
SCR 3 SxLF =
& SCR "
1, 5CR » st frag B firing freg. :
X 2 SCR i 1% e
LF3XLF 4 F
2X l |
i
O M ORI T R y O Pl I v B e R y
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Faults in comparitor card

(speed fluctuation)
SCR
firing freg.
1X
2 m/
A

Radial

Loose Stator Coils
(Synchronous Motors)

Radial

CPF
1X 1K
a 10 20 k1] 40 50
| mmema SR s BT s W Orders J

Stage One: Very High Frequency

Nrbarme Wirasosnd, Shock Pube, PoakVue, Spiee Escrgy, Cavelopa

X

DMz
Nt T80 s Sttt re

1 WHz SkRr

40 kH2

J

Stage Two: High Frequency

Ervaehape, Oonadulytion ard Acceks ation Spectium

X

DM LR L H L

Mt (D0 v dsracbrrm e e

40 a2

J

Stage One: Airborne Ultrasound, Shock Pulse, PeakVue,
Spike Energy, Envelope

Stage Three: Mid Frequency

Spectrum snalysis: Outer rece fsull

1X gpro 2xBPFO

DMz WMz
Mok T8 e Sarartrr i oo

5kHz

40 W2

Stage Two: Envelope, Demodulation and Acceleration
Spectrum

Stage Three: Mid Frequency

Spectrum snalysis: Outer roce faull (outer rece rotating)

X

I BPFO _ 2xBPFO

DMz WMz
€ Mok 1908 wwe dnarieermtien (0w

40 WH2

Stage Three: Outer race fault (inner race rotating)

Stage Three: Mid Frequency

Spactrum analpsis: Toner ace Tat

X

BPFI 2xB

oMz RIS
e e e

S kM2

40 2

Stage Three: Outer race fault (outer race rotating)

Stage Three: Mid Frequency

Spectrum snabpsia: Ball or roSer faut

1X

l Bswn 2xBg. Bxﬁf

0 Mz 'z
€ Mo 1B e i b i L

5 hHz 40 WHz

Stage Three: Inner race fault (inner race rotating)

Stage Four: Low Frequency

Spoctrum sahpsis: Outer race faul

X
MM
D Hz 500 Me 1 kHe 10 kHz 20 kHz 40 Wz
B et K e y
Stage Four

Stage Three: Ball or roller fault (inner race rotating)
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