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T = Time required to collect the waveform
T=U T RAE T 5]

Ts = Time between each sample

Ts=KH¢JH

Fs = Sampling rate = Samples per second
Fs=RFEM %

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

N=RA¥ mi 4L

max " - Fmax

lines lines

Resolution =

Bandwidth = Resolution X Window factor

BT R =R HEXTRY
Window factor = 1 (no window/uniform/rectangular) or 1.5 (Hanning window)
HWEB=1 (NG /e /R E) 815 QLT %)
Separating frequency = 2 x Bandwidth > 2 x Resolution * Window Factor
IY B =2 X i i = 2 X AR R i R AL
Required spectral lines = 2 x Window factor x Fmax / Separating frequency
5 2 (R T B = 2 X B R BUX Fnax/ 73 B
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Certification Exam - Reference

Accuracy of frequency (at peak) = * %2 x Resolution

PRSI () =+ 1/2 X PRE R

Prime numbers: 1, 2, 3,5, 7, 11, 13, 17, 19...

Iﬁ%&: 1\ 2\ 3\ 5\ 7\ 11\ 13\ 17\ 19\ eeee

1 inch = 25.4 mm
1 #~f=25.4 Z%

1mm = 0.039 inches
1 £%=0.039 %~}

Trial weight calculation:
WETHE AN

F

W:K><R><N2

W: i{#E, 7

F = 10% of rotor mass divided by the number of bearings in kg

F=10%% 7 iR LUK (R, T3¢
K=0.011
K=0.011

N = RPM/1000
N=4¢77#¥%4/1000

R = Radius in cm
R=i{EH P15, JHK

Unit Conversions (Bfr#Ei)

D 19098 Vpp V.. = 5217 Ayms
pk—pk = T pk fepm
7
D _ 9.958x10" Arms A _ fepmVpk
pk—pk fczpm rms 5217
V., — JemPok-pk A = JeomPpkpk
pk 19098 TMS ™ 9958x107

D 27009 Vs _ 93712 Aps

k-pk — — - rms —

pr—p fepm fepm

D _ 2.53x10% Ay A _ JepmVrms
pk—pk fem rms 93712

|4 = fepmDpk—pk A = fémDpk-pk
rms 27009 rms 2.53x10°

D = Displacement: mils pk-pk
D=Afrf%: #/K -k

V = Velocity: in/sec pk
V=ME: Zf/F 0%

A = Acceleration: g rms
A=Tm#EEE: g ARUE

F = Frequency: CPM

F=8®E: ¥/

D = Displacement: micron pk-pk
D=frf%: K -k

V = Velocity: mm/sec rms
V=3 2K/ HXME

A = Acceleration: g rms
A=fnidERE: g ARUE

F = Frequency: CPM

F=4i%k: # /%

1g rms = 9.8m/sec?

1g AR =9.8 K/F)*
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ISO 10816-3 Vibration Severity Chart (ISO 10

816-3 HkIER)

1)
o
QI
(o d
J <
11 0.43
- 7.1 0.28
4.5 0.18
35 0.14 N
o
2.8 0.11 gs
oo
2.3 0.09 g
AU
1.4 0.06 = Q
[ ]
o o
0.71 0.03 - o
mm/srms | inch/srms 33
rigid flexible rigid 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

0.43
0.28
0.18
0.14 o2
g
0.11 23
==
2.3 0.09 § §
v Vv
A 1.4 0.06 s
(= =]
071 | 003 IS
mmferms | inch/srms 33
Rz =iz Rl =iz FEES
FEHE KENE
1S5kW < P £ 300kW 300kW <P < 50MW —
| SE =
5#] 5#] naEm=
[160mm < H < 315mm 315Smm< H
E32 H3)1 M)
Fins [@Q sxaErmzs
B siskmmiEss D] #3558

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 (ISO 10816-3 {EsiE%)

judwdde|dsiq

0.87
0.71
0.43

mil rms

wdigZT < 1ZH000T-2
wdi009< 1ZHOO0T-0T

flexible Foundation

flexible

medium sized machines
15kW < P = 300kW

large machines
300kW <P < 50MW

motors
160mm=H < 315mm

motors
315mm=<H

Machine Type

Group 2

Group 1

Group

New machine condition

E Short-term operation allowable

B unlimited long-term operation allowable

m Vibration causes damage

140 5.51 ﬁ
113 | a4s BN
90 ssa L
71 2.80 g
57 2.24
45 1.77
37 1.46 ik
-
29 1.14 23
oo
22 0.87 g e
v V
18 0.71 P-4
N O
-
11 0.43 T
e rms mil rms 23
Rtz =iz > TEEE
FEME RKEME
15kW < P < 300kW 300kW <P < SOMW e
BH s St
160mm< H < 315mm 31Smm < H
E32 EEF)1 E3
Fing REEEES
B askELES D EEEEE-335

Copyright © 2024 Mobius Institute Board of Certification
Document ID: CRMVA-2-ENG-CHI



Certification Exam - Reference

Page 5 of 17

Transducer Operating Regions (f5&R3%E4TX )

Frequency Range

100 — Beyi)nd' ampllﬁer voltége' ra'm'gle' —
10
Volts out 1 0.5 g broadband response Q
of the LA (1000 mV/g sensor) g)
Sensor -1 T g
.01 .
Operational Range o
.001 S
c
.0001 S‘
.00001 """--..._“
.000 001
! Below electronic noise floor !
.0000001
A Hz 1Hz 10 Hz 100 Hz 1000 Hz 10 kHz 40 kHz
6 cpm 60 cpm 600 cpm 6000 cpm 60 kcpm 600 kcpm 2.4 Mcpm
P2 70, B
1nu [ p————— ¥ |r~11|1|1 1....1'11”” ¥ T
Bdin A SR ELE
10
% 1 0.5 ¢ FENE EERI
=% At (1000 mv/g fEESE)
2% A ."dl""
_ﬁi Ny o Eh
1 BT &
EE, 001 ?ﬁ
g 0001 F
00004 ""'--..,_._
000 001 i e i EEEEEEE
! B FIEET I
0000001
.1 Hz 1Hz 10 Hz 100 Hz 1000 Hz 10 kHz 40 kHz
6 cpm 60 cpm G00 cpm G000 cpm 60 kcpm 600 kcpm 2.4 Mcpm
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Transducer Frequency Response - Magnets on Curved Surfaces
A R AT R I~ Tl R 1 TG 223

Magnets for Curved Surfaces [al i e
1,200 6,000 cpm 60,000 60( 1,200 6,000 cpm 60,000
25 25
N . "
20 5,60 Hz/‘ 4600 Hz f"ﬁ
(336,080 cpym
5 1 (336,000 cim) m15 | |
= =]
o
S B0 = T 7
[
o = 5
L~ o B
0
-5
-5
10 - 100 1,000
20 100 Hz  1:000 10 LE
Frequency iz

Transducer Frequency Response - Magnets on Flat Surface
e R R ST B W ] - PR T T 2 5

Flat Surface Magnet T EmELE
1,200 6,000 cpm 60,000 600,00(
25 215.?':") 6,000 CRm 60,000 &0,
20 L
= 6,20p HE ki
o 15 {372:q000pm s E. M
- . 1 ELEn
© m 1 o 1
3 o0 = = 0 5.
o /] = i
~1 5 i
L—1 -1
0 1 b
aQ -
5
20 100 Hz 1,000 10,000 5
Fol 100 Hz 1,000 10,0

Frequency

S
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Transducer Frequency Response - Stingers or Hand Held
Probes &850 5 -F R 223

Probe Tip (Stinger) FHMEEHE
1,200 6,000 cpm 60,000 300,01 1,200 6,000 cpm GO, 000 300,00
20 20
15 q\ 15 ’\\
1,100 Hz 1,100 Hz
s " \(66 000 ¢pmy) g W ;'ﬂ '\\165 000 §pm)
3 % 5 P o5 ri
3 AT = I
" \ ) w
-5 -5 [
-10 -0 !
20 100 Hz 1,000 5,00 20 100 Hz 1,000 5,00¢
Frequency ¥z
Transducer Frequency Response Curves RS i
1
2 3 n
4 5 6 )
DB AR DA A A
Probe tip 2-pole Flat Adhesive Adhesive Stud ﬁ @ ﬁ @
magnet magnet mouncll:lng g E3 720 RSN:i3:3 e T 3 XK AT
pa
% 304 ~ 30 4 45 6
‘? 20t 8 2 2 3
£ 104 § o .
2 E o
% N ¥ -10
= -20 +
L 20 t + 4 + + 1 10 100 1K 10K 100k Hz
& 1 10 100 1k 10k 100k
Frequency (Hz)
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Transducer Effectiveness Regions {554 3 X 15

108 .
407 | 14100 /s
108
2
g 10
E o
=
£
2w
>
c 10
i) 0.0014 m/s?
= 1
1
S 10
a 1[]2
£
= 100
10+
105
108 -
0.01 0.1 1 10 100 1,000 10,000 100,000
Frequency, Hz
Iy
108
107
108
]
T o
E ¢
Z e
3
3 102
= 1
[=]
=1
i
5 107
>
w102
£
[ 1[]‘3
10+
o 0.18
. m
108 .
0.01 0.1 1 10 100 1,000 10,000 100,000
Frequency, Hz
108
107
108
]
T o
E 101
z
£ w
2
> 45 mm/s?
= 10
2
= 1
1
8 10
>
Vi 1[]2
= 0.01 mm/s
[ 1[]‘3
10+
105
108
0.01 0.1 1 10 100 1,000 10,000 100,000
1 Piezo-electric accelerometer Frequency, Hz

2 Eddy-current proximity probe
3 Electro-mechanical velocity transducer

1 piezo-electric accelerometer & L ZIk /& 14 & s
2 Eddy-current proximity probe HiEiA ALK
3 Electro-mechanical velocity transducer # /& {£ & 2%
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Imbalance (static) & 5 AR S 5]
1X 1X
0°230° Betwaen — $0%230% batween
wertical and horizontal K] vertical and horizental €§
"
& [al
0 1 2 3 a 5 6 T [ 9 10 0 1 2 3 4 5 6 7 8 9 10
£ ke, 330 s darreeiprasiyer e Ordars ] 0 mem 190 vowtustoton e Ordors
Imbalance (couple) 5 B & 5
1 - - 1x —f—
00 5 307 between . $0% 230" between 7
wartical and horizantal ) vertical and horizental 1§
k) o)
1] 1 2 3 4 H & 7 -] ] 10 0 1 2 3 B 5 [ 7 8 9 10
[T — Ordars - —— b et 1 Orders
Imbalance (dynamic) A1
o) o)
1 1x —f—
W02 30" bakwaan - P0* 230" between P
wertical and horizontal L] vertical and hovirentsl 1§
2 G
o] 1 2 3 4 H ] T & ] il 0 1 2 3 B 5 6 7 8 9 10
T M (T e S Drelars R T . Orders
Imbalance {overhung) Bt 7 A
—r— ] —r
- | p— [a
= - Ed|
: i
[a]
o] 1 2 3 4 -] ] T & ] in Q 1 2 3 4 -] ] T ] ] 10
I e 0 Drdars e S e T i Orders
Imbalance (Vertical) a2 TLE AR
© O
In-phase 307 in-phies 138
= %
1X O 3 1X O 5
1] 1 2 3 4 ] ] T & 9 10 [} 1 F 3 '] -] 8 T ] ] 10

E Pl I o i i T £ Orders © e e e e s Orders |
Eccentricity e BwiR O
1X Fan I {E? 1X Fan
1X Motor z 1X Motor %

E fa
=3 0O,

1] 1 2 - 0 1 2 3

[T —— Orders P T PR Ordears
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Orders ik

Resonance (at 1X) Hik (1X)
i} 1 2 3 4 ] & T & k| 10 0 1 2 3 B 5 () 7 8 9 10
i Orders © Taitus FNED v St s Orders
Bent Shaft hZ=Hh
2 3 2 #
- @]
o 1 2 3 & H] B T 8 ] 10 0 1 2 3 4 5 6 T 8 9 10
R ST Drelarg § R A v e ST e Orders
Belt wear B R
BR 3BR 3 BR R =
& [al
0 1 2 3 4 5 0 1 2 3 4 5
© Mot OO Orders J Rl . T Orders )
Parallel Misalignment W PFATA R 'Q Q‘
2 : % 2X -
3X i T fe]
L] 1 i 3 L 5 ] ) B B 10 0 1 2 3 4 5 6 7 8 9 10
Rk inideiinia Orders ettt et eeat— Orders
Angular Misalignment -9 BEAXHR 9 Q-
1X : e 1X I E
L _J E‘ %
2X 2X [a]
LT [T
a 1 2 3 4 5 1] T B ] 12 0 1 2 3 - 5 6 7 8 9 10
£ Pk, B Orders J | meae 284 e b ot - Orders J
Severe Misalignment EEAIHR
2X
1% - 1X 2
3 3 3X 4 @
5% B 7 = 5X 6 7X 8 '_'qj(:
.E %
[a]
[ 1 ] 3 Fi [ [ 7 B ] 10 0 1 2 3 4 5 6 7 8 9 10
e (O e e T 0 Orders © TR S Ve ST s Orders
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Cocked bearing poga It S|
1% 2% 1X 2X
2 #
3X < 3x @
1
] 1 3 3 4 5 CE B TIEL 0 1 2 3 ‘ 5 % 7 5 9 10
- Drdars ] ©mts N v sumesians Orders
Belt Misalignment BH AR
1X Fan/Motor 1X Fan/Motor
5 #
d @l
] i z 3 0 1 2 3
e Orders y s R vy o e - Ordets y
Blade/vane pass M. M RIEE AR
BP 2BP " BP 28P e
VP VP |_ VP 2vp rﬂj
X
_T: 1x[ | ‘ 1sz
L] 2 4 B B 10 12 14 16 18 20 ﬁ_' 2 4 6 8 10 12 14 16 18 20
LN N e SRR orders ) e B v b . - Orders )
Cavitation )ﬁ—,@
1X VP 1X vP
L] L (] 12 16 n 24 28 32 36 40 0 - L] 12 16 20 24 28 32 36 40
s Pk, 338 Orders J | s B4 v b e o e - Orders J
Flow turbulence RN I
1X 1X
L] 1 2 | q B i) 1 F | i | 4 5
© Finlsis, 3088 Orders ' | s M e, e e s mm . Orders )
Ski slope (bad measurement or very
high frequency/amplitude) HEW (EEANESIEE SR E/ RIS
a 1 2 3 4 5 -] T B 9 10 0 1 7 3 d T '] 7 B 9 10
| e AOEA e T Praw Orders ) [ —— Ordars J
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Looseness: Structural %’fi]?z} iﬂ]
1X 1X
i
[a]
0 1 2 3 1 5 3 7 B 3 10 0 1 2 3 4 s 6 8 9 10
PYR—— Orders b R o T Orders y
Looseness: Pedestal A REFAEN
2X 2X
1X 1X ¥
3X 3 3X g]
| -
O_' 1 2 3 < 5 6 4 8 9 10 0 1 2 3 ks 5 6 8 9 10
B R Orders J © Sty J0h e St - Orders
Looseness: Rotating REEEdAEh
1X 2x 1X

3X

= J - z’fdeflo 0 ! 2 . 2 : = J gfdeflo
Gears: Tooth wear HER
3 @
aGM 3 3GM
111 Gnf GM - uJ = X Gnf &M
11K 2GM
MWMU i luLl_ ‘ ﬂ) W U U{
-:T'f‘JI 8 'ﬁliliju{ T U-.;;.U 28 HIJU 36 40 "“‘IU "L (‘ ‘ 20 U‘;:“Lwa ;,JJ
T Py 300 Orders J R, v b e v Ovdcn J
Gears: Eccentricity & backlash S R0 Fampes
5 &
1X 3GM = 1X 3GM @]
Gt - o IGM J Gor i 2GM
l oLl il
a a

720 24 28 37 T —}UJ[AJUUUJ - zoﬂ\;i:u

1|1

28 36 40
ﬁrﬂnm J B Orders
Gears: Misalignment AR

2GM 3 €
1% z [a]
GM
X i 3GM ‘ 3GM
JL -t UL uiu 1] V1 T
0 4 B 12 18 20 24 28 32 36 40 f 16 20 24 28 36 40
) P SO ey e e T Orders | B - Orders
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Gears: Cracked or broken tooth et oa o ey

e | o

12 14 16 1& 20 10 12 14 16 18 20

Radial

© Pt 2088 Orders et Orders
Gears: Tooth Load ST
1 e
Xixp | gxp ]
m m
uhi i e ML e
@ 4 8 12 18 20 24 28 3z 36 40 0 4 8 12 16 20 24 28 32 36 40
P Orders B e Orders
Journal bearing oil whirl RN R H AR RS
0.38X - 0.48X 0.38X - 0.48X
0 T ! ] 4 B 0 1 ] 3 ] 5
1 Mkl 04 Orders | === Orders

B ENHHFRAAEN

ix

. 2X

.}

&
1] 1 z 3 4 H] B 7 ] ] 10 0 1 2 3 4 5 6 7 8 9 10
it i L B T —— Orders )
Bearings: Fluting HAE R

100,000 TP 100,000 TP 106,08 CPE G P
er—r « -
dﬂam BPFO

L A :JJ:L
4 Helra 10 s dear b e M e s R sbees o
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Broken/cracked rotor bars BB 4,76 SR 3
" 2
1X K 1X 3X [a]
g R EEn Aaan B S2E0 2 nasnnEEk a2
1 2 3 4 5 0 1 2 3 4 ©
Paswep—— Orders © m— Orders
Broken/cracked rotor bars . _
Loose rotor bar joints B EEEN
3 &
RBF L RBF [a]
1X 2xLF ix le.Fi I
0 10 0 30 40 50 éh 10 20 30 40 50
O P R e BT R T R Drders J s R vy b P - Orders
Eccentric rotor %tﬂ}%?fﬁ Jl:.‘
2XLF 3 2xLF E
E 2 a
1X kit 1X il
PPF PPF F ~11b|=b|= PPF
0 1 z 3 1 5 1 3 4 5
O e AT Ordars ] S Drdars
Stator Eccentricity, Loose Iron, S . = _ .
Shorted Laminations or Soft foot EBHEFRL s, RR BT
8 1
2xLF = LF [al
1
f 21:J umaL
(1] 1 2 3 4 5 ] 1 2 3 4 5
P ek mrar Sare e Ordars § ) i i S, Ordars
Grounding fault or turning fault & = iw (o) s fE
SCR B SCR %
firing freq. o firing freq
2 LF [al
1X l 1X | l
Phase loss FRER S
R 5 SCR p
firing freq. L firing freq. iz
SCR ] 1
ML l 2l BSCR 3 scr 1 2
2
i l ‘ T
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Shorts in control card, loose —— =i : —=
connector, and more. THISEERE. BAME
SXLF o z SxLF gcp &
firing freq. & firing freq. [a]
siasbciis HER
T Pl FORE g s nm
Faults in mmp_aritnr card Comparitor{_ﬁiﬁa
(speed fluctuation) GEREBE)
High res. : oL @
ﬁnng free). "_E:I firing freq. rﬂ]
-4
1X 1X /
B wld T gk
|
s Pk, 3088 | IR s
Loose Stator Coils - -
(Synchronous Motors) LB sh (R )
3 7
CPF 8 CPF 1
jjl 1x | | 1X lxi I |
a 10 20 30 40 1] o-kl 10 20 30 40 50
0 Pk, 3088 L T B L T Orders
2 - kk__ ~ —g
o VoY SRS LMY, i F—Hik: BEAE
X X
DMz 1 WHz SkRx 40 kH2 onz 1 Az L4 L) & D
Stage One: Airborne Ultrasound, Shock Pulse, PeakVue, BB ARG phillkob. WEE. RIERERE. 4%
Spike Energy, Envelope (stress wave: [N 798)
N Y SR =5

oM AR H kM2 40 aMz o 1Mz 5wz R
B e L O 0hhe 100 svn Sarttundhese

J J
Stage Two: Envelope, Demodulation and Acceleration Spectrum 2f [ B: G045 fR R A8 & 4l
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Stage Three: Mid Frequency

Spoctrum analysis: Outer rece feull

1X Bpro 2xBPFO

DMz ! WMz 5 &Mz
© Mo (68 e sty

e/

40 sH2

EHE: i

' \'
:Eij ”T” mewhbf\\
7

Stage Three: Outer race fault (inner race rotating)

Stage Three: Mid Frequency

Spectrum snalysis: Outer roce faull (outer rece robating)

Fam A

DMz 1 Wz 5kHz
£ Mok 198 www SnaretirTiee 0w

20 AHz

HEMrB: SRR R iR
BHE: R

1x| BPFO  2xBPFO | II ~\

Ll S 5 aH2 40 Wz

Stage Three: Outer race fault (outer race rotating)

Stage Three: Mid Frequency

Spacinum analpsis: Teowr race Tat

X Bprr

0 Mz AR RS S kM2

R e

40 a2

H=RrBr. AhEEE (b

F=Mkr: B4

X sprr 2xBPFI

/\

0 1Ay § MM 40 Wi
B e ST

Stage Three: Inner race fault (inner race rotating)

Stage Three: Mid Frequency

Spactrum anabpse: Ball or rofer fue

|
|
|
|

1X BS, 285 3. I /.\

EEWBG B N i)
F=Fikr: P

X 55 s ienal :

0 Mz ' S hH: 40 WMz oM 1w Sara 40 vz
© M 10N e S s LG . W we. y
Stage Three: Ball or roller fault (inner race rotating) B ER. iR EE (N Bl

Stage Four: Low F & n, g
Si3ge Fomrs Low Poayesncy LTRSS 7]

iX 1X - ‘

{ l
AU

0 bz S04z 1kHe  10KHz 20kHz 40 MMz oM SO0 Mz TAHE  OAMZ 20AMz 40 AN

M PR v b T y

Stage Four

SV Be: F TH R RER RE F 1
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Comparator Card: This card contains two limit comparators with one inverting

and one non-inverting logic output, plus an output relay with a change-over
contact
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