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N N lineas
T=T,XN=— =

Fs 2.56 X Frgr  Frmax
T = Tiempo requerido para recolectar la forma de onda

Ts = Tiempo entre cada muestra

Fs = Frecuencia de muestreo = Muestras por segundo

N = Ndmero de muestras (1024, 2048, 4096, etc.)

Fmax

Resolucion = —
lineas

Ancho de Banda = Resolucion X Factor de ventana
Factor de ventana = 1 (sin ventana/uniforme/rectangular) o 1.5 (Hanning)
Frecuencia de separacion = 2 x ancho de banda > 2 x Resolucién * factor de ventana

Lineas espectrales requeridas = 2 x Factor de ventana x Fmax / Frec. de separacién
Exactitud de la frecuencia (en el pico) = + 2 x Resolucién

NUmeros primos: 1, 3,5, 7, 11, 13, 17, 19...

1 inch = 25,4 mm
1mm = 0,039 inches

Calculo de Peso de Prueba:

W — F
~ K X R x N2

10% de la masa del rotor dividida entre el nUmero de rodamientos en kg.
0,011

RPM/1000

Radio en cm

F
K
N
R
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Conversion de unidades

19098 Vi _ 5217 4ms | 27009 Vys 93712 Apms
Dpk—pk - Vpk - pk—-pk — rms —
fcpm fcpm fcpm fcpm
D _ 9:958x107 Ay 2 _ feomVe |p _ 2.53x10%Arms 4 _ fepmVrms
pk-pk féom rms 5217 pk-pk féom rms 93712
V.. = fepmDpk-pk A . fczmepk 174 — fepmDpk—pk A - fCZPmDPk—Pk
pk 19098 ™MmS T g958x107 | ™S 27009 rms 2.53x10°

D = Desplazamiento: micras pk-pk
V = Velocidad: mm/sec rms

A = Aceleracion: g rms

F = Frecuencia: CPM

1grms =98 m/sec?

D = Desplazamiento: mils pk-pk
V = Velocidad: in/sec pk

A = Aceleracion: g rms

F = Frecuencia: CPM

ISO 10816-3 Tabla de severidad de vibraciones
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o
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0.71 0.03 - °
mmyfsrms | inchfsrms 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

Mew machine condition

@ Short-term operation allowable

B unlimited long-term operation allowable

Ij] 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 Tabla de severidad de vibraciones

flexible

flexible
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pm rms mil rms
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

B unlimited long-term operation allowable

E Short-term operation allowable

m Vibration causes damage

Copyright © 2024 Mobius Institute Board of Certification
Document ID: CRMVA-CAS




Pagina 4 de 11

Examen de Certificacion - Referencia

Regiones de operacion de transductores

Frequency Range

100 o Beyi)nd' ampllﬁer voltége' ra'm'gle' -
10
Volts out 1 0.5 g broadband response ]
of the L (1000 mV/g sensor) (o))
> c
Sensor 7 g
.01 .
Operational Range o
.001 S
c
.0001 3‘
.000 01 hN"?-----...,_,_
.000 001
! Below electronic noise floor !
.0000001
1Hz 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

Frecuencia de respuesta de

acelerometros — Imanes para
superficies curvas

Frecuencia de respuesta de

acelerometros — Imanes para
superficies planas

Magnets for Curved Surfaces
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Frecuencia de respuesta de

Curvas de respuesta de

acelerOmetros — Punteros o acelerometros
varillas
Probe Tip (Stinger) 1
1,200 6,000 cpm 60,000 300,000 2 -
20 4 5 6
15 ’\\
c 10 1,100 Hz
(=} \\(se,ooo prt)
© 5 Probe tip 2-pole Flat Adhesive Adhesive Stud
= T P magnet magnet mounting
N P pad
[m] 0 \\ -~
\ % 30
- 2z 201
-10 Z 104
20 100 Hz 1,000 5,000 T
c 0-
Frequency &
£ 104
3 -20
o

1 10 100 1k 10k 100k
Frequency (Hz)
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Regiones de efectividad de las unidades

108
107
108
10¢
104
107
102
101

14,100 m/s?

0.0014 m/s?

101

102

10°

10+

10

10¢ -
0.01 0.1 1 10 100 1,000 10,000 100,000

rmsvibration velocity, mm/s

Frequency, Hz

108
107
108
10¢
104
107
102
101

10
102
102
104
105
10
0.01 0.1 1 10 100 1,000 10,000 100,000
Frequency, Hz

rmsvibration velocity, mm/s

0.18 pm

108
107
108
10¢
10+
10°
102
101
1
10
102
10°
10+
10
10¢
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

45 mmy/s?

rmsvibration velocity, mm/s

0.01 mm/s
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Imbalance (static) C‘J O Imbalance (couple) C}
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Cocked bearing

Belt Misalignment

2X
1x 1X Fan/Motor
3X 2 2
0 1 2 i 4 5 8 7 B TIRL 0 i 2 3
0 i Orders T Pt 3000 v e e B Orders
Blade/vane pass Cavitation
BP 2BP ]
VP e
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Flow turbulence Ski slope (bad measurement or very
high frequency/amplitude)
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Looseness: Structural

Looseness: Pedestal
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1X
2X
1x G G IGM - =
l L 2GM \
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 I 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 |

Copyright © 2024 Mobius Institute Board of Certification
Document ID: CRMVA-CAS



Examen de Certificacion - Referencia

Pagina 9 de 11

Gears: Cracked or broken tooth Gears: Tooth Load
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— 2 ]
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 - D.48X E
‘r &
o i ] 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
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Faults in comparitor card

Loose Stator Coils

(speed fluctuation) (Synchronous Motors)
i - 3
5 =
| g i 5 CPF 3
/‘ 1% 1x
2K
A
o 10 20 30 40 50
0 Bl 2O ) | P A e e racmT Orders |
Stage One: Very High Frequency Stage Two: High Frequency
Nrberme Wirasound, Shock Pube, PoakVue, Spiee Esergy, Envvelopa Erverbage, Oonedulytion and Acceks ption Spectrum
! !
“WAVE ENERGY |
1X 1X |
DMz 1 MHz S kir 40 kH2 oMz 1My & kM2 40 aMz
o Mt TR e S e trre e . J Mt (00 e msc e ber e e J

Etapa 1: Ultrasonido Aéreo, Shock Pulse, PeakVue,
Spike Energy, Envolvente

Stage Three: Mid Frequency

Spectrum analysis: Outer race faull

1X Bpro 2xBPFO

DMz 5kHz 40 M2

Mok T8 e Sarartrr e oo

J

Etapa 2: Envolvente, Demodulacion y Espectro de Aceleracion

Stage Three: Mid Frequency

Specirum mnalysis: Outer roce faull (outer rece robating )

1X' BpFO  2xBPFO

BHiisstiian

DMz 1 WMz
€ Mok 8 e SearactarTien com

WHz 40 WMz

o

J

Etapa tres: Fallo de la pista externa (pista interior girando)

Stage Three: Mid Frequency

Spacinum analps: Teowr race fat

!
i
X0 gprr  2xepAI

0 Mz AR TS 5 kM2 40 a2

J

Etapa tres: Fallo de la pista externa (pista exterior girando)

Stage Three: Mid Frequency

Speactrum ansbpsia: Ball or roSer fat

0 Mz S hH: 40 aH2

© WA 1D e S s L

1A

Etapa tres: Fallo de la pista interna (pista interior girando)

Stage Four: Low Frequency

Spactrum salpsis: Outer race faul

1iX
S,
D Mz 500 ¥z 1 KHe 10KHz 20kHz 40 Mz
€ M 1D e S A T . O y
Etapa 4

Etapa 3: Fallo de bola o rodillo (pista interior girando)
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