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T = Time required to collect the waveform T = Bpeme, Heob6x0aMMO 3a CbbMpaHe Ha BpeMeBaTa
n3Baaka, s

Ts = BpemeTo Mexay oT4yeTuTe, S

Fs = YecToTa Ha auckpetmnsaumsa, Hz

Fs = Sampling rate = Samples per second N = Bpoi oT4eTM BbB BPEMEBUS CUMHAN (1024,2048,4096..)
lines = bpoi NMHWMK B CNeKkTbpa

N = Number of samples (1024, 2048, 4096, etc.) Fmax = MakcuMasnHa 4YectoTa Ha crnekTbpa, Hz

Ts = Time between each sample

. Fmax -
Resolution = — Pe3sonwoumsa = Fmax / lines
lines
Bandwidth = YecTOoTHA NeHTa =
Resolution x Window factor Pesontouumsa x Koed.Ha npo3opey

Window factor = 1 (no window/uniform/rectangular) or 1.5 (Hanning window)
Separating frequency = 2 x Bandwidth = 2 x Resolution * Window Factor
Required spectral lines = 2 x Window factor x Fmax / Separating frequency
Accuracy of frequency (at peak) = £ 2 x Resolution

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

KoeduumneHT Ha npo3opeu = 1 (6e3 npo3opel/paBHOMepeH/nNpaBobrbieH) nnn 1.5 (npo3opel Ha XaHWHr)
PazgenutenHa yectota = 2 X YeCTOTHa JiIeHTa = 2 X pa3genutenHa crnocobHocT * dakTop Ha npo3opeua
HeobxoanMKn cnekTpasHu MHUKM = 2 X hakTop Ha npo3opela X Fmax / YeCToTa Ha pasaensiHe

TouHOCT Ha 4YecTtoTaTa (nNpu NuK) = £ Y2 x PasgenutenHa cnocobHocT
Mpoctv uucna: 1, 2, 3,5, 7,11, 13,17, 19...

1 inch = 25.4 mm
1mm = 0.039 inches

Trial weight calculation: N3uncnaesaHe Ha npobHaTa TexecrT:
F
W = 5
KXRXN
F = 10% of rotor mass divided by F = 10% oT MacaTa Ha poTopa,
the number of bearings in kg paszeneHa Ha 6pos Ha narepuTe B kg
K =0.011 K =0.011
N = RPM/1000 N = RPM/1000
R = Radius in cm R = Paauyc B cm
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Unit Conversions

NMpeobpasyBaHna Ha eAMHULUM

D 19098 Vpi V. = 5217 Arms D 27009 Vps 93712 Apps
_ = = k—pk — =

pk—pk fcpm pk fcpm pr=p fcpm rms fcpm

9.958x107 Ay fermVok 2.53x10°% Arms FenmVs
Dpk—Pk = 2 Arms = P DPk—Pk = 2 Arms = e
fépm 5217 fépm 93712

Vo = fepmDpk-pk A _ f&mDpk—pk V. = fepmPpk-pk A _ fépmDpk-pik

pk 19098 ™MS T g958x107 | ™S 27009 rms 2.53x10°

D = Displacement: micron pk-pk lNpemecTtBaHe
V = Velocity: mm/s rms CkopocTt

A = Acceleration: g rms YckopeHue

F = Frequency: CPM YectoTa / O6opoTun

1g rms = 9.8m/s?

D = Displacement: mils pk-pk lNpemecTtBaHe
V = Velocity: in/sec pk CkopocTt

A = Acceleration: g rms YckopeHue

F = Frequency: CPM YectoTta / O6opoTu

ISO 10816-3 Vibration Severity Chart

ISO 10816/20816 -3 ilmarpamMma 3a MHTEH3UBHOCTTAa Ha Bubpauuurte
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mm/srms | inch/srms 33
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 [.'] Vibration causes damage

A - HOBO CbCTOAAHME Ha MallMHaTa

B - [lonycka ce HeorpaHumyeHa Ab/rocpoyvHa paboTta
C - [lonycka ce KpaTKOoTpaMHa ekcrnioaTaums

D - Bubpauusita NnpMUYmMHSBa LWETH

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 10816/20816 -3 AimarpamMma 3a MHTEH3UBHOCTTa Ha Bub6pauunure

NMpemecTBaHe
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18 0.71 = Q
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pm rms mil rms 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 E Short-term operation allowable
B unlimited long-term operation allowable [.'] Vibration causes damage
A - HOBO CbCTOSIHME Ha MallMHaTa
B - [lonycka ce HeorpaHu4yeHa Abarocpo4yHa pabota
C - [lonycka ce KpaTKoTpalHa ekcrnioaTtauums
D - Bubpauusata npmymHaBa WeTH
Transducer Operating Regions
Pa6boTHM Anana3oHMU Ha TpaHcArocepa/aaTumka
Frequency Range
100 o Beyi)nd' ampllﬁer voltége' ra'm'gle' -
10
Volts out 1 0.5 g broadband response Q
of the - (1000 mV/g sensor) g’)
Sensor -1 7i (]
01 o
' Operational Range o
.001 S
c
.000 1 >
T~ (]
.000 01 SR
.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
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CepTudMKaLUMOHEH U3NUT - CNpaBKa

Certification Exam - Reference

Transducer Frequency

Response - Magnets on Curved
Surfaces

YecTOoTHa XapaKTepucTtuka Ha
npeob6pasyBartensi - MarHuTM BbpXy
U3BUTU NOBBPXHOCTU

Transducer Frequency
Response - Magnets on Flat
Surfaces

YecTOTHa XapaKTepucTtmka Ha
npeo6pa3syBartesiss - MarHuTM BbpXy
MNJIOCKN NOBBbPXHOCTU

Magnets for Curved Surfaces

1,200 6,000 cpm 60,000 600,000
25
20 5 600/Hz|/ f
c
5 s (336.0 ocgma
B )
S B0
g \
5
/v/
0
5
-10
20 100 Hz  1-000 10,000

Frequency

Transducer Frequency
Response - Stingers or Hand
Held Probes

YecTOTHa XapaKTepucTtuka Ha
npeobpasyBartens - OcTtpuera unm

Flat Surface Magnet
21,200 6,000 cpm 60,000 600,000

3

N
o
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(3727000 }
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aB |
(=]

(L

=]
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20 100 Hz 1000 10,000
Frequency

Transducer Frequency
Response Curves

KpuBu Ha yecTtoTHaTa
XapaKTepucTMkKa Ha

PBbYHUN COHAM npeob6pasyBartens
Probe Tip (Stinger)
1,200 6,000 cpm 60,000 300,000
20 1
15 ’\\ 2 =
= 10 1,100 Hz| 4 5 6
o \_\(66,000 pm)
805 LA
> L/
i LIS
0 \ Probe tip 2-pole Flat Adhesive Adhesive Stud
magnet magnet mounting
-5 pad
o
1020 100 1,000 5,000 < 301
Hz ’ ’ 2 201
E
Frequency 2 10M
w
& o
w
£ -101
5
% ,20 3 " I n 3
& 1 10 100 1k 10k 100k
Frequency (Hz)
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Transducer Effectiveness Regions
O6nactn Ha epeKTUBHOCT Ha TpaHcAlocepa/aaTuYMKa

1. lNMueso-eneKTpUUYEH akcesiepoMeTbp
14,100 m/s?

0.0014 m/s?

rmsvibration velocity, mm/s
~
?

0.01 0.1 1 10 100 1,000 10,000 100,000

Frequency, Hz

! 2. Buxpo-TokoB gaTumMk 3a npeMecTBaHe
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: 1[]2
= 0.01 mm/s
—_ 10‘3
10+
105
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
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cnpaska Certification Exam - Reference
Imbalance (static) CTaé;l‘ieH Aeﬁgaﬂc Imbalance (couple) MOME}HTeH ae6anaHc
1X

B0°£30° batwaan
vartical and horizontal

Radial

] 1 2 3

L Mk 30 e narrieleraien ren

4 5 ] T B ] 10

Ordars

B I0° elwean
wartical and horizonksl

Radial

o 1 F 3

Ml S0 aem e mein @ e

4 -] ] T .| 9 10
Crdars

F

Imbalance (dynamic) AvHamuuen pebananc

o

O

Imbalance (overhung) Ae6anaHc (KOH30/IHO)

1 —f— 1 Q’ .
02307 Eatweaan i X
vertical and horizontal =
= L]
& ]
=
)
[- 4
i} 1 2 3 4 H] 6 T 8 ] 10 i} 1 2 3 4 5 3 T 8 a 10
T M (T e S Drdlars L Drdérs
Imbalance (Vertical) Ae6anawnc (BepTnkanto) Bent Shaft OrbHaT Ban
In-phans §307 - zx Tv
1x 0 : 3
-] a
] 1 2 3 4 -] ] T & ] 10 o 1 z 3 L] T ) 10
T R e e Dirdars By WA e e T T Ordars
EEEEI‘Ih‘iCit‘lj EKCI.IeHTpVII.IVITeT Be't wear N3HOCBaHe Ha peMbka
1X Fan 2BR
1X Motor 2 3 R | -
g 5
1] 1 2 - 4 5
Mok (008 e Orders © Mok TO Orders
Resonance (at 1X) PesoHaHc (Ha 1X) Parallel Misalignment VC"WHWT
2X : %
1X | = - =
%
3X .

1] 1

2 ] T & B 10

Orders

L] 1
O P 300

B 10

Orders |

'brﬂOBa HECbOCHOCT

?‘?.*

Angular Misalignment

Axial

] 10

Severe Misalignment  ronama HecbocHocr

1X

Axial Radial

Orders |

] 10

Orders |
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Certification Exam - Reference

CeptudmKaLMOHEH U3NUT - CrIpaBKa Page 7 of 10
Cocked bearing Koc/HaknoHeH narep Belt Misalignment HecbocHOCT Ha peMbKa
2X
1x 1X Fan/Motor
3x i1 -9
0 1 2 i 4 5 g 7 8 g 10 0 1 2 3
i Orders | o sl o0 Orders |
Blade/vane pass JlonaTbuHa yecToTa Cavitation KaButaums

=

-]

b

=

=
Radial

i iX VP
_l 1X M
0 2 4 b g 10 12 14 18

18 20 (] 4 A 12 18 20 24 28 32 1] 40
L i e e o Drdars J £ P, 2088 Orders y
Flow turbulence Typ6yneHTHOCT

Ski slope (bad measurement or very
high frequency/amplitude)

»CKM nucTa” (nowo usmepsaHe unm
iX MHOTO BUCOKa YeCToTa/aMnimuTyaa
L] 1 2 3 4 B L] 1 ] 3 4 5 ] T ] 4 10
© Py 3588 Orders R Orders J
Looseness: Structural Pa3xna6BaHe B KOHCTpyKLMATa Looseness: Pedestal Pa3xnabBaHe B narepHoTO TANO
1X
E X 5
B X g
a n
5 4 =
0 1 2 “ERC 5 & 7 8 9 10 (] 1 ] i 4 5 S 8 9 10
© " 3008 Orders J s S e Basrn s . Ordars y
Looseness: Ruta'h"g PasxnabBaHe npu BbPTEHE Gears: Tooth wear W3HOCBaHe Ha 30
Ha 3b0Ha npeaaBka
1X
2X
:ﬁ' M L]
-4 1X o
Gnf M
A N Tl -
0 1 2 i 4 5 6 7 8 2 10 o 4 B 12 18 20 24 2B 32 3E 40
Orders ) o Mnk 2088 Orders |
S i HecbocHocT Ha
Gears: Eccentricity & backlash E"cg‘ifa%’:::“ Gears: Misalignment

3b0Ha npeJaBka

1X

G 6N X GM = 3GM
J\JMUT W i |

1%
i . il
a 4 a 12 16 z20 24 28 32 36 40
e A e R

L] 4 | 12 16 20 24 28 32 36 40
Qrdars y o P

Orders

Radial

Readial

F
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CepTudukKaLuMOHEH U3NUT - CNpaBka

Certification Exam - Reference

MykHaT wnun
cyyneH 3b6

Gears: Cracked or broken tooth

. NpeTtoBapBaHe Ha
Gears: Tooth Load 3L6Ha NpeaaBka

1X - _
—— 2 )
3 E
i Gnf : X1xp :
AN A
L] 2 4 & 8 i 12 14 16 18 20 0 4 ] 12 16 20 24 28 32 36 40
© Pt 208 Orders P Orders |
- - . . MacneHo 3aBuxpsiHe - Pa3xna6BaHe Ha
Journal bearing oil whirl npyv nab3raw narep Journal Bearing Looseness AT
0.38X - 0.48X a
J ‘r E
0 1 2 3 4 5 o 1 2 3 4 5 § T 8 § 10
O Pl 308 Orders y I Mol (Y v S T (R Drdars J
Bearings: Fluti
9 ng LSRR Broken/cracked rotor bars CYyneHn/HanykaHm
POTOPHU NPbTU
108,008 TPH 50,003 TP# ‘5
PN 1X = 3x 3
L M £ !
A )
0 1 2 3 4 5
£ Hlears 08w © Mt W v b v 2Ty o Orders
Broken/cracked rotor bars Eccentric rotor EKCLeHTPUYEeH poTop
Loose rotor bar joints
CuyyneHu/HanykaHW POTOPHU NPLTH
Pa3xnabBaHe Bpb3KkUTe Ha POTOPHUTE MPBLTU -
E w
-} =
REF 3 2xLF =
1X 2xLF 1X =
EPF | |PPF F
[ 10 0 30 40 50 0 1 ] 3 5
© s Orders  J il Orders |
Stator Eccentricity, Loose Iron,  pc moropn Grounding fault or turning fault  DC moTopm
Shorted Laminations or Soft foot 3azeMuTesIHM NoOBpeaAn
EKCLIeHTleeH cTartop, pa3xnaGBaHe B
ChpLeBUHaTa, NaMmesin HaKbCO UITU MeKa neta
pu ; SCR :
o firing freqg. Ll
2xLF b b
1 1X
r 2X
a 1 2 3 4 5
1 iy ik o B b Qrdars J M Minlples: 2000w ymriutermiivn ypm J
Phase loss DC moTtopu: 3ary6a Ha c¢asa Shorts in control card, loose DC moTtopm
connector, and more. Kbco cbeanHeHne B KOHTponHaTa
KapTa, pa3xnabeH KOHeKTop
SCR = w
1 firing freq. - SKLF ccn L
3 SCR 3 i firing freq. 3
1% 43 SCR T 1% T
LF3XLF g F
2X l 1
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CepTtudukKauMOHEH U3NUT - cNpaBka

Page 9 of 10

Faults in comparitor card

(speed fluctuation) MoBpeau B KOHTpONHaTa kapTa
(donykTyaums Ha o6opoTuTe)

High res.
SCR TON
firing freq.
1X
J zft T

0 s 08

Radial

Loose Stator Coils Pa3xnabeHu HaMOTKU Ha
(Synchronous Motors) CTaTopPa (CUHXPOHHW MalMHK)

Radial

CPF

| Mo A s e pracwar

Orders |

Stage One: Very High Frequency

Nrberme Wirasosnd. Shock Pube, PoakVue, Spiee Escrgy, Eavelopa

X

DMz 1 MMz S ki
Mt T e Sty s

40 kH2

Stage Two: High Frequency

Erveringe, Oensdulytion ard Acceks ption Spectium

DM AR LIS 5 kM2

Mt (008 e Mmarecbrvm e e

40 aM2

J

Etan |: Yntpassyk, Shock Pulse, PeakVue, Spike Energy,
0O6BuBKa

Stage Three: Mid Frequency

Spoctrum snalysia: Outer rece faull

1X BpFo  2xBPFO

DMz 1wz 5 kHz
£ Mok 808 e Bnarartrr e oo

40 WMz

J

Etan Il: 06BuBKa, gemoaynauua u
CNEeKTbp Ha yCKOpeHue

Stage Three: Mid Frequency

Spectrum snalysis: Outer roce faull (outer rece rotating)

1X ppFO  2xBPFO

DMz f WMz 5kHz
€ Mok 1908 e Smardriracties cow

40 WMz

J

Etan Ill: fledeKT No BbHWHATa rpMBHA (BbTpeLUHaTa rpuMBHa ce

BbpTH)

Stage Three: Mid Frequency

Soactnum analpds: Tener race Tt

ax

v

oMz Ty SkM2
© Mok 1908

40 a2

7

Etan lll: AiedeKT no BbHWHATA rpUBHA (BbHLLHATA FPUBHA ce

BbpTH)

Stage Three: Mid Frequency

Spactrum snabpsia: Ball or roSer Tt

T Bs, 2g

0 Mz 1 Az 5 hHs 40 Mz

J

Etan lll: fledeKT no BbTpellHaTa rpuBHa (BbTpeluHaTa rpuBHa

ce BbpTH)

Stage Four: Low Frequency

Spactrum sahpsis: Outer race faul

1iX
S
0 Hx 500 Me 1 KHe 10kHz 20kHz 40 Mz
€ Mot ID0R s AT T Lo
J
Etan IV

Etan Ill: HeM3npaBHOCT Ha CbuMa UM POJIKa (BbTpeLHaTa
rpuBHa ce BbpTH)
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