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(Vibration Parameters)
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1.2 #HF #EH (Harmonic Motion)
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o f= FHHa By o)A 1/Te 23 Y o/2rnst 2th
(F94 = 1/57] = 1/f = cycles/second)
o ote WF9 Yot}
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1.3 #zE)#EIE (Vibration Amplitude)

1.3.1 =B# AL (Vibration Displacement)
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1.3.3 IEEIEE (Vibration Acceleration)
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1.3.4 %4 (Summary)
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D = Displacement (mils pk-pk)
V = Velocity (in/sec pk)
A = Acceleration (g pk)

D, = Displacement (um pk-pk)
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A" = Acceleration (g pk)
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1.4 PlEEA (Measurement Units)
A2 Ayetr] s o8 7HA @997t Abgdn. 28 2-9% o =

4 weizre BAE dehie AEsde Adse ol

NEUTRAL

MULTIPLY
NUMBER OF

TO- i PEAK | RMS AVERAGE

TO OBTAIN

PEAK-TO-PEAK 1.000 2.000 | 2.828 | 3.142
|PEAK .500 1.000 1.414 }1.571
RMS .354 .707 1.000 |15

AVERAGE 318 .636 .900 1.000

a9 2-9 SATES 84

N R
RMS 973 x Average NG x Peak

Peak-to-Peak = 2 x Peak ®)
Peak = 1414 x RMS = 157 x Average 9
RMS = 707 x peak = 1.11 x Average (10)
Average = 0.9 RMS = 0.637 x Peak (11)
Peak-to-Peak #= A& A&A ot shghx|te] FHurjsd Aol 3+ X (Average)=
At o wm F715 7HX 3gelA 1 F7] Aol olF= WAS F7|9 HolE Ui

kol .
1Al AE8] Severitys A= FF AFEE Aoz HEX(RMS  Root Mean
Square)”} 1+t PeakY Average Velocity tiAle] Velocity RMSE AFE3F= o]l f+
AH(AC)S 54T u RMSE AFE3l= ol 49 AT
ACHAFE WE&rmet o] 0914 High (Peak Value)7hA Al&ste] Wigty, <

o
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o AgE @ % ol E dehdd
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50% & AEs At
EAE 29 2-119 A5 SeverityZ} 2% 2-109] ARG AEEe Hagho] AL
154 Ak Aol iy AAZ Jheizl oA 2ok webA s Severity =
ZE& Futel glth. o] Aol RMS#E o] &3l olfolth

1 in/sec peak
//-\———rms
UNBALANCE
{1 xrpm)
—

+ =
/\ 5 m/sec peak \/\j

[\ [\ COMPOSITE
\/ \/ \/ WAVEFORM

MISALIGNMENT
{3xrpm - in-phase with fundamental]

32

1 infsec peak
rms - 12% increase

a9 2-10 3xRPM &

S B 3S W Peak Velocitys 7]&9+3 1}
FAAIGF ] ZHoE
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UNBALANCE
{lzrpm)

—
+ =
— .5 infsec peak
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WAYAY,

MISALIGNMENT
(3 ¢ rpm - out-of-phase with fundamental)

a9 2-11 3xRPM W55 ddo=2 HIS o 93] Peak Velocity=

Z|Eag o] 1.5v7F A 5ol= RMS#=2 A 12%R7E S7H3h.

Vin/sec peak

rms

1.5 infsec peak

rms - 12% increase

COMPOSITE
WAVEFORM

——peok == p—— = e -

=\ —rms

19 2-12 HE Peak Velocity7} Zro}l% RMSzHe th=t}.

1.5, IREJWIE Hifffe]

(A Comparison of Vibration Measurement Techniques)

1.5.1 #% (Introduction)
WA 40~50d el AHA BT AS] NAH dE AT BAHNS 32
3l A b AEEHA v1Ee] 2 AREEH stk a2y AAARE o 7HA
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(General Factors Determining Bearing and Shaft Vibration)
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(Reasons for Measuring Bearing Vibration)
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1.5.4 H o] g REPES] TF

(Disadvantage of Measuring Bearing Vibration)
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2 0.075 G.94 12.5:1
4 0.243 1l.60 6.7:1
s 0.48 1.80 3.8:1
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(Reasons for Measuring Absolute Shaft Vibration)
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1.5.8 #HEIRE) WES] NF
(Disadvantages of Measuring Absolute Shaft Vibration)

o dudls SA4= £ o 7HA ZAF el Ak

o ZIAA WA, &, =3 WAY FFS W=t
o dubzrlow WY =How APt (AFHF).

e =9] Nodal PointE ¥ 3t} =H s oF 3t}

T3 Shaft Rider®] AF&ol ® 7}x] A7} it}

AAZ Probe % £o] Fo HIH} FFol7] wol vfR7E E7FI A B
et Fr]H o2 Sob disjop ok

S 2 *pii]?i Probe7t 71 797} @7] wjitol| Probe 335357} vtol 49

2. =B A # (Vibration Frequency)

2.1 £ FEEe &% (Definition of Vibration Frequency)
a9 221904 AEdehe] Sdd she] Ape
A%e) %71 (T dhi, D577

=
il
FEueda @vh AEFRFE B jEg wgsts AlolZe] Fiepm) Ei

E
12
ﬁ
3 &

Hertz (1 Hertz = 60 cpm)E el T

= iod = L = Cycles cles
. Frequency = 1/Period = — === (o TA{W)
5 Upper Limit
=
O
Neutral Position

j TIME
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(Information Provided by Vibration Frequency)
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2.3 =8y ~¥EZH (Vibration Spectrum)
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2...is the summation
of these simple

1. This complex
waveform...

3...as revealed by
this spectrum plot

Amplitude

ny )
£ (sec) — (60) (# FET Lines) _  (60) (Sample Size)
MaX (| S€ Fyax (2.56) (Fyax)
_ (60) (# FFT Lines) _  (60) (Sample Size)
taax(epm) = . = T (2.56) (tyy)
71 A tuax = & Sampling(¥ %9 F74 4

2 A7) AlZk(sec)
Sample Size = Time Waveformes W=+=0 AF8-% = Analog to

400 Line FFTE W=+

Conversion % == 102478 ¢

Sample°] 2 2 3})
Fumax = Maximum Spectral Frequency of Frequency Span (cpm)

a9 2-25 Z-§ Spectrum
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BAE 7] glete] AT E L o4k F 34 (Discrete Frequency)d & 0.2 e
dett P=t g ORs AsEANEdAE §43 wrot. 19 2288
o AA A WS wojy st HAAH AswT(a), 2ZF-AFA (D), X
o] AP () B2 Fae GGl e FFT Spectrum = §AAI8HA YEbaL vt
u‘"d
rgd
Amplitude F
®)
T Direction to view graph
Mg to see frequency domain
of Time waveform (a).
Amplitude Amplitude
@) ©
Time Frequency
(a) A1t 93
(b) AZtg e wge wed ddvz Pejsta E o JdANE 7 FueUm
e To] 339 19, 379 & AEZ A7 2 Fapgolrt
(c) MY P omiy ANd Fo¢ o 19
Y 2-27 ARG RPozie AAY e G
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T
[
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Z /Veloeny
2 TIME —
J R——
[
7} (R
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(a) Real-world transducer (b) Spring mass system (c) Time waveform generated (d) Frequency domain
mounted on vibrating part by the transducer spectrum (FFT) of the

time waveform (c)
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AEs 24T o Spectrum® RE PeakE9] % B 34 g 7hsd A s}

o glo] Fasth AEL BAME Fuyel B AL Fol, Fas: ¥



A2 AEe WA — 43
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3. £ fHHA (Vibration Phase)
3.1 IE8) MHHAY w3 (Definition of Vibration Phase)
3.1.1 =& fLMA (Vibration Phase)

A2 EA4L EAHY] 295 Jddsted 49 =qolth. od& 59 &
AEZ A azxlse] dle] 2 & S ®We TAHEC vtk (5, Unbalance,
Misalignment, Eccentricity, Bent Shaft, Soft Foot, Cracked/Broken Gear Tooth,
Resonance, Loose Hold-Down Bolt 5%). FI7FAE 2x1} 3xRPMAAE 13 %F
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a9 2-302 90 AR AEelE 271e] Aot = Mass #2235 Mass #1H.tF 1
Abol Z 9] 1/4(90°)A . o] AL Mass #29 %o tisdled Mass #1°] 90°¢ 472+
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14 A2 14 y2

Phase = 0° Phase = 180°
Between "1" & "2" Between "1" & "2"

a8 2-32 AN EZA ALLEE ATA

3.1.2 A% fzfHA (Relative Phase)

Signal A (Y)

Amplitude

Signal B (X)

29 2-33 ) 917t

e o) 9z Egsted A E 57b FHolth

T AEANE Zzto] JE ABAEI D & AT
A

F oS A2 0°9F 180°Ake] ol A M A (Leading) =+ #19(Lagging) ¥ U

3.1.3 ¥ ALMA (Absolute Phase)
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3.2 fL#A WHE (Phase Measurements)
7S ZAHE o= tS¥ o]l 37FA7F Y Strobo Light 2
Photocell H 2 ol5& & 47171 AF&= & 3o E3F Keyphasor -2 974
Hl 24 AL-gE ),
3.2.1 Strobe Light Method
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WA 3, 52 2 Sk A5 E FH g
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3.2.2 Photocell Method
o] HMHSE A FRAIZI WAL Tapeol 11343+ Photocelloll 4] Light
Beams 2o} 947ts SA k= 2 2=, Strobe Light o] ZI=E ¢S o A7t
A sE 4= 9li= Wb Photocell i s AEs A 45 4T = A}
Reflective
Tape
Vibration
Instrument
Rotating
Shaft
Light
Bgarr‘\
Photocell
or
Laser-Tach \/
19 2-36 PhotocellS o] &3 947t ZA
3.2.3 Keyphasor Method
Proximity Probex ¥E£9 AA7|712H 38 H AP(-18 V~-24 Vdeo)& <
7bebd W 7] 325 E3to] Radio Frequency”} 24&tal, o] Fieldol] <4 3xWol
2le™ Eddy Current’} A3tk Probe®t 5 3FH9 Gapel #A9H  Radio
Frequency® ZZ2 711 Eddy Current®= Zrolzith, o] g E o] &3H Gap, =
4 4 9t}
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Q)
CONDUCTIVE Q )
MATERIAL o || @
HE
RF SIGNAL i ®
(@) @)

EDDY CURRENTS

138 2-37 Proximity Probe?] %
Proximity ProbeZ 3]dA o] 9= Keyphasor (Shaft Reference = Notch
Projection) -9loll A x]ste] 3| d A7} 348 w Probe?t Keyphasor’7} x| &t=
o] 7]1% Pulse (Keyphasor Pulse)”7} 2A%t}:  $422 Keyphasor Pulse®5-F

Probe® Z+A]3F 4% (Vibration)® # WA Positive Peak7}#| 2] Z}= o]t}

Explanation of Reference Signal

The reference signal can come from a variety of
f ts:

1. Keyphasor probe (projection or notch)
2. optical pickup (reflective tape)
3. strobe light (match mark on shaft and
casing)
(Beware of aliasing at multiples or
submultiples of running speed)
4. magnetic pickup (changes in emf)

Important: The reference pulse must be a once-per-turn signal.
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