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Absolute Vibration (B0 &)

24 JIE HH(nertial Reference Frame)E JIE22 =HE Hd =M As =
S22 DEEHN st s, JEEAY EEHE LEE2Z JIH2l HousingOlLt
X2 59 ZEUl ds2 =Hot=d M0l WTetd X & (Seismic) B L= =
H(lnertial) H&tD|et SHC

AC(Alternating Current) (1 %)
AZ2H0 et BSote S8 MS2ZM S 2222 40| BHMGHH, =Al &=

2 Al2tel g==0ICt.
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Acceleration (It55)
AIZHOI CHEE £&0o BstE2M X3 25 (Harmonic Motion)liMsE HH g &2
a2 HAISHCH JIEEo ©Rle 28 ft/sec?, m/s’E MIU O BHIES=2E “¢'
(0 = 38 J15% = 386.1 in/s® = 32.17ft/s* = 9.81m/s?)S 201 JisETE LBt
oz dNAl IJtEEN(Piezoelectric Accelerometers)E 01&6t0d =& G0, CHIK

S|
D=0 &s JIHS CasingOlLt Bearing Housingll &l&s E4d= Holol=d A2

Accelerometer (IF=EH), (Acceleration Pickup)

NHEEH= JIH As2 Ot E42 200 Hldiclke &I MES2 BHEAHA F= 2
A B8] (Inertial Transducer)OICt. 2SS 2LdE JIIETAHIN ASEO, M=0F O
AUME =8 222 AEHC HOIXE JSEAHI gel AgEt. £8d
=E 9 Rele 2 28 A0 E2 20 ST BtSote 2SS Yo 2
of SN et LMol ANE S22 HAES 016
Actuator (Jt&DI)

2ot SH(HS, 55, IHET)E2 2| /s RSIA=ZAN ASI|, dIA, 2
2 IUEX S2 018 = ULH HLUSH AES st HFUOIHL B=U= 20
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F& Xl (Shaft Average Centerline Position)

o
ke 2 4 Jts X2ot0AM =dsgt Dl

Hel B NSS2 HtE2Z 2t Shaftel Btd Y9ak s E2 X =J0l e &
AXNOl HE HEs FEHO. OE SystemS< Hardwareltl Software &2 (Alert2t
Danger) 83 &S & £ JUEE FXDIAH ULt ZE HdFFsSS T=ZD 249
EICH, =0 S26HA Zoi&CH 58 g0 &8 2= = 2Z(Shaft
Crack)el &8t XI&0| Tt
Accuracy (B&&%)

1) Full Scale MetergtOll CHEH XIAIXI2tSl 2@Xtg S2 2) AM 4= 20 s X
AXIQtel QI (UH HMEZ HAIEM). 38 2EE&SZ(Inaccuracy)?t Es& &=
O Ol X9 RE JA0IsSS SE6t &9 X082 LA =0 Hetet e
EZ U= (Repeatability)2l SAHME 2R AISE2 &

A/D Converter (A/D &)
ordz] dIsE XY =Xds2 HEd=s AXzZA 25 U MsHelE
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daXIE x=dots Ul F2E IIAIIII fIot FEX 20 2 E£= OtHol

HEAX HSW F2AE SI|IAIII| fI5tH Monitoring SystemUH0l AIESH = B

ZF2lo AL (& 1D: Danger Alarm).
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g U %2 Sampling L& Sampling &2 2
ORE o 82(41SE). Sampling =t 1 &
2 = HHE SFHiOF EofoF StCH ol2dst s&E
Sampling = ZEGHALE Sampling G211 &0l MO OIJI(Low-Pass
Filter)E AtES& N HAE 2 QUCHAntialiasing). Antialiasing? =& SH&E2(A
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°f G{IIIIE MBots ZRe 20]) A4 JEZS QXIt LMst=
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2 0ICH
Alignment (58 &)
s280 22 {8 JI1H 2ESMHINE, =, Casing, 7l
fAXNE X&Hot= A Alignment2l Al&f Y@ o=z= 28 Optical),
)

& XH(Proximity Probe) & lLaser&dHl S22 ZEst W2 & I MEHS
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JIH |AXE =8Hol= o JHK JI==2 AISEU

Ambient Vibration (F¢ &S, 2&S)
FHA SZ0 2= PE IS, BS L2 Ee= 0N Je E2 sz
2H 2= AS2 460 UEIHCH OIJI0AM AIEatD Jqes 820l HIF &1
UE BE 2= &= sttt

Amplification Factor, Nonsynchronous (HISJ| SZ A %)

Rotor System2l 1R&S=(Natural Frequency)llAd BISIl X3 &S
(Nonsynchronous Harmonic Exciting Force)Ol 2/t Rotor System && SE2
QIZE. HIsIl 5 A== =9 dEZ0 MREH=E 2HES 0JIAI=E &84
Aol ez I = A+ REECH  0l2d8 29F2 0IAleE 24es
System®l Quadrature Dynamic StiffnessE ZAAI2l= &Q0l ZH, ZUHEC=Z
HISIl = A=t 8J1 &= A==20 O AKX &L
Amplification Factor, Synchronous (SJ| &= A=)

= 3™MESEIL Rotor System? NRISH2 LXE W =3 2S5 HIH
(Harmonic Exciting Force)0ll 2&d& =& (Unbalance)Ol CH&F Rotor System
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Auto Spectrum (Power Spectrum)
DSA(Dynamic Signal Analyzer) Spectrum2 1 3Jle 2AFL4=0AM2 Powers
LIEHHCH. RMS Averaging ot® Auto SpectrumOl & Ct.
Average Amplitude (= &)
AS Signall AHEEH=E 8= =
= 0.637x Zero-to-Peak &IZ0ICt Ho JME
Measurement)2 J|H &S Signal=0| CHIH Sinelt&0| OLIOM Peak-to-Peak
=2 Peak &Z0| Sine Wave ZHE 0IEoiM ZEGHH AHeE = I W20

Bently NevadaOlAl= At&EoHAl 2 =CH.

& JlZ . Sine Wave & =2| Half Cycle Average

=X (Average Amplitude
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DSA(Dynamic Signal Analyzer)Old 02l JHel =HXIE Digital®e 2
o

ZE0 HEEH 242 HQ HISI 422 g0 ZAECH
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X
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BEOZO| Rotor B <X, L= SXo #Ha
BHOZF J|E=H2 Thrust Bearing XXl L= L= Probelt &Xl= ChE Casing
£=20ICt.  Probe= Thrust CollarE && 2t=06tHLE Thrust BearingWlAd  <f
305mm(12 Inches) W0l EXIE0 UYse E oG g 5 & ™
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Balance-of-Plant Machinery (X J|Hl)
HA Plant 382 HHH 20T =28 gsf2 NXXN 2= I JAHES 2F.
re 0lad JIHFZSO| REAOR JISE L olHl AHI(Y0 &H])2 M0110 QUL
Balance Quality

(&
24 Rotor? BE FEE LittUWs 222A, H 28, oL NFE A5

o 3

o
Rotor System2 18 Z2& =09 S2st =9 FEEE (e =& FH),
Rotordt 0l & HAUA IS = 258 [ 2=55e s E4=2 0t

Ct.

(1) 1X &8s =2 =
(2) 1IX XES &2t ZAE Hat

Balanced Condition (& AEH

&L EH)
SIEINIAHUNAM F2 Jlotatd Sas0l 28 o LXlots &,

Balancing (&, WEEO|)
2y ZS&H(Mass Centerline), & F24=(Principal Axis of Inertia)0l Rotor2
Jlotet® SAEN 26 L 2XIotES Rotor? BHA 9sto| ek XS X Fo}
= A 0 g2zN =28E 24 (Imbalance Inertia Forces)0l 2|8 Rotor2l
O.ia

2l JiohKl= Sts=2 2 A AI2ICH
Band—Pass Filter (HY St o41D])

0BCH 2 K|8tet Lower Corner F=22H S 8tet Upper Corner Z=IHz=HXI O

Z& o= ™I Z(Single transmission Band)2 Jt& Filter. Corner FM+S2
=0l 3dB(0.707)22 2i&=, SAFOIS ¥X HHAML Fo=2 208
Ct. SAFL=0A Signal =2 240t 21D /A4 83 = XAS LHELEX
2=

Band Reject Filter (1Y HE 0 1t2I)

Notch Filter & 2.
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Bandwidth (S =)

Band-Pass Filter@ Corner =It=S2t2 2tA. = FilterE Stol= L= Filter
Ol 2ol ANHEl= It HP. YBHE OS2 Constant Bandwidth FiltersOlld= =
It=2 HAIE ot Constant Percentage-constant Q-FiltersfiM= S& M=
of HEEZ HAISL. FFT24JI0M X tHEE2 st &0, I 2t
/Lines FIt=° ==xWindow Factor O1JIM Window factor= Uniform @ 1,
Hanning @ 1.5 &£ Flat Top : 3.630IC}.
Baseline Spectrum
JIHS 28 &EIt £ M He &= Spectrum2ZM 0Ichel &= &EHE 2AlIGt

0 =4 dlwot=d JlE0l =L

Beat Frequency (28 &Sz%)
(e}

i
no
=

RS4I o2t O

Beat Vibration (88 X&)
208 =It=It A2 Z2&EoIH AHU, 142 =M= JZFN FIIt HEHeZ
BHotsr [ Zdot= &SO0ICH. M2 ogst =02 & L= XE Beat
Frequencyctold Old2 = 0142 H& &Ef A= R0 Sfof Zraig =~ UL,
FOI=JF 224 a0 IIEE 24 20, FIEez2 2219 g0 s¢
A i MZF2 EFUS JHAH, 180°RIA4XE JIE e A2 A4MEN dE2

Bilateral Transducer (2t B1&tD])
.= X AMOIOIAM, HHE HEe=2ERXR ME0| Jtsst HEHD).

Blade Passing Frequency (£ S F=1tH%)
BladeE JI& JIAHI(E B!, Axial Compressor, Fan, T 2% SS)0AS &EHE &
S ZO4E2M 02X YO £=(Disk E2 StageXo)ill = ST E Zst A 2

Ct.



Block (Size)

CIOIEl XMclE <Ioh H&II0 J1AIZE OIOIH &2l #. = Digital &l XMl At
8= AN2XI BlockZ E& =0t el & HaZO e sH P AUSE =g
ol HdotE 22T e 2tAES F =AIXNE2 GroupOlLt SequenceOlCt.
FFT=4D[0l 2ol &t=E 2 =1+ Spectrum&E2Z SampleS2 Full Block0l &
L0OICt.  Block2 Samples== FFTS =IOt oH&ZO0 2o Z2FECH 400Line
FFTS &% 102404 Sample2 BlockOl ZR0otH 800Line FFT2 Z<S 2048
Sample2l BlockOl ER0tCt. O =2 Digital Signal Analyzer= 1024 Block 3

JI0b AEED Block It 25 olaf= E0&ALCH

Blocked Impedance (L& I0IEHA)
SAZN P JIH LUOoIEAS SoHE ZUS MY LSEXZUMAM 2 LOold
A BHEDI9 DF E®I| LUOoIEHAL, DH 2SAE J|H LUlolHAR 20l 22
Ct.

Bode Display/Plot
= JEEKEY B2 M IX S HH((RA X2 AZ)E LEtHe A2 MEA
o & H9 Graph. ZOo| YE2 1X9 f424=S LIEtWD otleHEe Ys2 =S
LIt 888 XE2 £ 385 (rpm)E UEHHD., 3Z 2ZE 8 &2
(Unbalance Response Plot)et) Z2|J|& 8tCh. L&t 2X, 3XS &S s dH
S0E MOICH

Bow (&)
SH0IU = Q¥ES Mst 20| AE6tA ZS M, JIoteE =52 S E0
&0l OtEl AEH. Mz ZAH0l == Zo6HGravity Sag)Lt € #1&(Thermal
Warpage) S0l 2ldh &% Z&oz F AU 1 #ol 3 (U 22 =&
UCH. = E2 Rotorel Z2 3M=EZ(Slow Roll Speed)Ul A Proximity ProbeE
Ol2ctH =2 &l HBE SZFEFeZ Zorg = ACh Eccentricity,
Peak-to—Peak & =.

BPFO, BPFI
Rolling Element Bearing2l Outer ¥ Inner Racell Z&0| U2 i LMst= Ball

Pass Frequency®l 2tXIO|Ct.

Brinneling (False)
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Bearing Race&0ll Bearing Rolling ElementOl 2lol 4421 =22 M MEHo=Z =
0 AXlst MEHUA A5 ESH 2o LAM=ICE.

Broad—-Band Random Vibration (ZHY 7= &s)

s 4200 E2 ds+ U0 HAJA=EHR 22 =242 ds. UE0l "Ei's
<2 M0 Tet dtHEez Hoflkl= AoILh, 28 1 SHE 0lgds Zsthh

Random Vibration &2z,

BSF
Rolling Element Bearing2 Ball Spin Frequency2l <XIZM Ball £= Roller&ol
ZE0l 2o st S=Ih==0lICt.

Buffered Output

tef2 2350ot)l fIot EES 2L OHE ofd
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oz HAldE =9,

Bump (EH)

NESHI 2I5t01 & 311D Pr=ss SAGHN L2 52,

C kkhkkkhkhkkkkkkkkkhkikkhkkkkxx

Calibration factor (238 H %)

A8E s g2 LA B2 2%,
Calibration Weight (& )

Rotor@l Balancing XA ASZHe= 222 M JIH &S(1X Vector) SE2
F&HoI| ®|ot 010 €1 U= 82d Z2AHCHUA Rotor &9 &1
H.  Aralah ol2dst EXte 2ZEH O
ol= Z0ICHoI0l g€ Yese =3

S¢elCt.
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0 20N s8¥g SHEH). otE AIE 2 (Trial Weight)et &
Campbell Diagram
™ JIAE EHU AISZHeE 2. X2 2@Xoldl 6t o Hel =& =0t
20 ol =9 sIdEETQ o 2 Jisst JFEFI2=S(Forcing Function
Ps |8t =3, XFE2 0o JHX I8 =I0H%
0

Frequencies)S &&otl &H&olJ| =
-0.48X), Y S =1}

=]
(Excitation Frequencies), & & &8 ET(1X), Oil Whirl(0.4

E



Z=(Blade &&= Vane Passing Frequencies), Gear Mesh F=It%= S& LUIEIHCH Y
=2 =0H(Lateral)t HIEH(Torsional) DRA=Sx==S LIEIYCH. 0] Campbell
Diagram= |Interference Diagram Ol2t) & dt0H, JIE Cascade Plotdl Waterfall

PlotE€ H8lole He=Zz M 2 AMEEIIE 8Lt Torsional Vibration &%,

=3|d £& O =It= SpectraS LIEtH= &2 HE &2 Graph. = &dEE¢
Z2 O 2942 25 MzF((Y)2ex2 UEHWHAHECH Foxs JIE2 (XS
AECH 0leigt Data HEi= JIH2 HEAE SOt M= Flis S5 BsIE
Eotok=0l MQIC.

Casing Expansion (Casing #2!)
HY DHE-UOH Jl=(Foundation)-2 JIE228t J|Al Casing = ¥
X =H. 0l2fst 52 MHHOZ Casing0l IIx=0 2L JAs &
a JIAe BtE 2229 JIx=0 &XIE LVDT(Linear Variable Differential
Transformer)E AFESt00F &L Casingll & 2&o=z9| XIBst= Jls S0
Lt XS0l Casing® Z#HN =2 ZiYz LUBIL 0l FHE

TSI(Turbine Supervisory Instrumentation) System® L2802 ES T UCH

Center Frequency (& )
HEZ FilterOlA D8 Y= Filter(Constant Bandwidth Filter)2 At=X SAA,
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=<

£2 1A HdlE(Constant Percentage Filter)2l JI6t&& =& & (Logarithmic Scale

Centerline Position (E&l& 2XI)

Average Shaft Position &=X.

Central Principal(lnertia) Axis (& 24 F==)

Al
2 SAS HEHS AFO SHGIRAS M, 1 FEO 28 28 =5, 4 &
d FF Y9 F24 RRUEE A F2H RLRHECL &HCH BalancingOfl &
Stoie=E &4 FF"0I2 E0es, 3 U= 4 24 =5 S0 M Rotord 5 =4
S0l JrE JIE AHsS LstCh. 0] 24 =52, B =(Balance Axis) L=
=(Mass Axis) 0let1& STt

Cepstrum
Power Spectral 2 =2| [£=2| Power Spectruml 2 =& =0l X3 H=22 olL2
Spectrum@& HAAIIe =HH0ICH &S x(t)2 Power Spectral YE=E Gy, (f)2

otH, 8AEY Cy(t)e

[a—

C ()= fio log G (1) xe” 1™Fdf| *

2 BEANEC. ¥ 1= AZe Al(Quefrency)et 2ELH

Of g2 &3 FJ/d0l et E2E gl Helole 80l UM LEE Al
dot=d gl olg8 2 UCH 0l &0l 21 AHE
A= ZWNZ A 'Spec's 'Ceps'Z HHEEH HAEHO
£ 0 4= FostCt. Hixs JHE 22 FrequencyE Quefrency® HarmonicsE
RahmonicsZ FilterE Lifter2 MagnitudeE Gamnitude, PhaseE Shape S22
SEL 0l B2 Quefrency= AlZH0l UiSote HELZ d24g = UM [etA

FINHQ S E Z= M2 SH240 e =3t d2E HSsetlh

pS|

Channel (iHZ)
£ Signal2 Display otJ ?I8t StLtel BHEI[2F HJI.

Charge Amplifier
o 8=Jl= Ik = £
AEELCH 0l= CableB% B30l st F&ts =010|

Circular Vibration (2&Z)
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Coherence (I104 &)
S NS A0S 8 HEE UEUE XNEZA 2 Fhi=0 &2 M HES S,
Dual Channel DSAOIA Channel2t2l Coherent Output Power2l HIOICt. Ol= 2
H 2IXNAN Es2 SAHES 2Fot=0 &l LH0IH, |l 2D 209

tsd= SZEot =0

2M &5 MAS Spectral &2 H=dk 222 Power Spectral 2 &2 Z1t2| Hl

E Xs49 S22 M EAISH 2. 2415 x(t), y()e &S Spectral LT Gyy(f) 2t
2

2t2t9| Power Spectral LS Gy (f), Gy(HOl W@at, 2SI A &2 P(f)s
=gl 2 masn

Cold Water Stands
Hot Alignment =82 fIot JIAH JI=&0l &XIot= Pipingdt BracketS2l HHE.
Proximity Probe=0l 20| &&= Brackettl 20N U EdL U= 5 22

=2 J|H Casingatel

=
=
2 Qlolol ZHo=Z ornd

ST E(Targets)S 2=8HCH. 0] &Hl= Alignment &3
F J

Complex Frequency (24 =Iz%)

AS O A [HE 24 & S=FS UEHUHDI

= st HE22 M oo & L S
ASE USh 20 5S4 Fo+2 HSE = U

S x

O

a(t) = Re{ A* et} (1a)
o '=0+Jja (1b)

Al (1b)2 4 (1a)0ll HYE22M & O Fetet 22F 20IE ¥ = UL =,
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a(t) = Re{ A*- ™ e~ %}

24 FhE ex9 AL s AS9 OHEAOl F0H4, =8 a= 1 230l
et Alsol AlZ2Ho 8 24 ¥ SZE2| QUIE =0 |AS HELZH sS4
It#=(Complex Wave Number)= &2 J2t0l & ot Aol HMIOf, 24 ¥ BF

£ Litt=E 2Ee2 2 = UL
Communications Processor
Monitor RackOlASE ComputerltXl DataE &4I6t= On-Line Monitoring
SystemOlAd 2 0l= Interface Module. Bently Nevada Communications
ProcessorS2 Dynamic Data Manager(84& Jts AMEQl Static Data®t Dynamic
Data), Transient Data Manager(&4& JtS &EIQF Transient &ENS|  Statict
Dynamic Data), Z12lx) Process Data Manager (Process Variable Data)Jt QUCt.
Compensation (£ 4})

Runout Compensation & =.

Complex Amplitude (24 X =)

ML BARE U= WE

Complex Excitation (24 &)
M420 GRS 2E X, 24 00X L 09 SYo HES, WM LS
Gt AFE0HAH & 24010, HOF &€01H AHS AN SE2 =4 & L 1
o SEQ AR . dEH B2, SEQ Aot dEEHBE sS4 HAQ

="0|] =26tCt. Excitation X,
Complex Response (24 2g)
sS4 A0 st 832 sE.
Compliance (ZZct0|HA)
289 Az,
Conditioning Amplifier (ZXE&EX® =Z)|)
ANZEE 2UHE ASZTEH ASH st E&3HIE SMAH SHO AlZA
Il |t SZJI2 A, A2 =F0 WMt Mol L= 84S ZHOIH =L
Constant Bandwidth Filter (D& HEZ 410HD])

=

SAZF04=(Center Frequency)2t 2AHgiol D= F=ODUHYE=EZsS 210 UYe



Band-Pass Filter.

Constant Percentage Filter (D& Hl& O{1HD])

Y =0l sS&FL==2 1DFE HI22 I U= Band-Pass Filter. Constant Q

on

Filteret) £¢2|J|& stCt.

Correction Plane g™

(£Z& ™), Balancing Plane
RotorOfl M 2 EHEH 9
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| =30l ANdEE | S8&0 =X o

—/

Correction Plane Interference (=&
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HE =0 RotorlilA, CHE FS2| 3% 22 =8E= HaAUE U2

=Z S0 28 BE AMEIIC XAIQ Hat,

Correction Plane Interference Ratios (£=&0 2t&H|)
FOUHE rotore 2 =FO A Bl ot OIS 2HOUHA EoZls Hl
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IR
lo

las=Uns/Uss GID10I A, Upe2t Uss= 2120 BEOI XEE2 SEES IS WA A
GBS SHES XIAIOICH %, lga = Usa/Uaa  OIJI0IA, Ugalt U= 22

A0l X8 =8ES IS 2 BEHW A =HE2 XIAIOICH

3% =2cJt OIF0HE BE Ag)IliMeE =838 2t
x

AS x()e RIla2tE=(Rxx(T))= A2 t2F AlIZF t+TUlM Sl dte =2
T

O 28 B8 U2 A U3 20
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Viscous Friction) 0l

[—
o

(Fluid Friction

=+
=

0l
il
_XE

0l
70
ur

ioJ

o

B
jo
o0

U
s}
00

-

Kr

<0

[w]

E
U

Kl

=. 0l%

L

QAN QULCH.
Counterweight (

ol

R

<]

w0
50

Couple Unbalance (23 &

Ju
ot

~

-

ol

=
e

<0
Ko

Hr
3
RO
20

Kto

a

Kl

o

i

U A

24 Rotordl

=

ol

KIr

Rr

ol

Rr
o0

Ol
80
B0
I

ar
OF

X0

0
A0
I
0l
Al

A<

Rotor

=0 &ICH.

oD

JIJ
s}
oD

H

ol
i
kK

o)

o)
)

0l
N

ol
80
B0
THI

Al
OF

T

u}
[e)

&
53

@}
RO

<+

x

t= &

o

ol DIXl= &=.

3

S
o

FXNZ =0t

2| 2H

=

of Tet M2 &
elol &

|£ Cycle Per Minute & Cycle Per Second2l 2tX}.
&=

X101l A

o
F

b

C|
)

g2 Mg ZE0lA Peak
V20l LCt.
G

Fo4 53
c

SystemO|

[—

D
Critical Damping (2 Hl 2t2l), Critical Viscous Damping (2 H &4

Coupled Modes (4 R22E)
Coupled Vibration (
Crest Factor (It 11 E) (Peak-to—RMS Ratio)

CPM, CPS



(Minimum Viscous Damping).

Critical Machinery (52 JIHR

=‘_‘.=
z
|0
H‘U \_/
=]
fO
o
ton
>
S
x
10
_|
O
FO
S

389 = 220 & AR XS o
g AN O 3F 2=20| JtSotkl &ZH &0 0l 282 J|IHESS N 0EISO0l
QoM detE o2 Mz 2AE st

Critical Frequency (A ZIt=)
AN Fh YBtMOZ Ho DR Fhiet 2Xots JHE FM4+E 20l6H0,
205l 12 &= 2EQ 1R Fht==et= Sl0lot)| < STt

Critical Speed(s) (ZAHZXE T= /A8 £5)
UBINOZ, =2(fEsR) 85 AEY 2EE = =S, 2 Y SEAZ 0
FOHE HUHAME, B He 2 18 20 HWEols g It AU, &=
AHES = Rotor System2 INR&AS+2 SS8 Shaftl JHEEE HSES WOl
MSEC. EHE 3% £5(Balance Resonance Speed)ctd 2= 20| 20 2
HHE H&O0ICt. Balance Resonance Speed &=,

Critical Speed MAP (23l £&H)
System? 1R 38 ZUSS0HAM HIAHE, XXM el Pedestal & HAQ
dsks Iotolsd Mole E22AM & JIHE EAH0NM AIgots
Hoi&el 24(Stiffness)2 LIEILHD YEE Rotor Systeml 1NRASHE HAlIS

b,

&

[

Cross Axis Sensitivity (XS 2 %)
2td (Inertial, & Seismic) ¥ JtEE BEDI|9 Sensitive Axis@t +=Z &= Axis &
o2 |nputl & A B 3H(Incremental Change)0il CHEF H 2| Signal Output
o] Hatg

AN2HE = BANMOZ HEG= 242 2 (1) L g(t)ol CHGHO, tOl UM 2
f()ek (t+T)oll

UAHAL B gl t + T)2A2 S f(t) gl t + 1) HIZXE P60 2 =2 A
HAIS A

Cross Spectral Density (& ABEH AUT)
als At g8 T2l HaEs A
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Cross Talk
Chg B2lu MHEHAM HIEE, o™ HHE)| Signal = HEWAM2 2t
(Interference) &2 &Z(Noise). Proximity ProbeE AI2Al FIHA(ES O %)
Probe2l 2 2250l A2 U JtZA f/AXIoH US WMol Cross TalkIt
ULt Probe=2l HMXI| & (Electromagnetic Fields)2l AS&EZ0| 2+ HED| =
SignalilAl &Z(Noise) 422 =cisttt. &S 429 Fh+== S Proximitor
Oscillator =I4=59 Xt0l(Beat =1k==)0ICt.

Current Monitoring/Analysis
HI| MotorOlA XS SES ZActe H2ZM, R FSIINA HE =09
Slip=0t==2| =C0iI(Sidebands)2 XZZ LIEILD] fIoHAM SH HR2 =2 o4
T E Jt& FFT Spectrum0l & AMEE L

Cut-0Off Frequency

Hel, &5 £= JIEES U= £= RMSH0l UHotd, ds==01 28 M0l L0l
HE X220 2= ds+ JAHe ZHO s HE S8 BHIE 26 =
Sl UoMK=s S U
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FI|E QI 2 (Periodic Quantity) & otLISl & E A=l gt
Cylinder Expansion

Casing Expansion &Zx.
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Damped Free Vibration (23 X8 &S)

A E M ASHS Ite s,
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Damped Natural Frequency (24 D8 XS%)
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22t e He A= s

NS5 20IotH, et Z Aol 24Ul = LH 24
H==0 e 24 H=2 vl E8 & 32 U330 201 &t
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Damper (21H), Absorber

HUXIE A&HAIDIE ZEU 2ol 523 = Ase =g B2AI|=0 ASECCH
Damping (241)

HAE=L= 2 Cycle2 D AHMot= JIH System AHZEOQ|
. O] Z4l= Bearing, SealSWASl Oilofl 2af OIFHACH ZANES

Sot0l JIAIA Energy(&S Energy)lt CHE EHi, S& €2 BetEh
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Damping Coefficient (24 HlZ%)
dutdoz SN OFe Zdale 2s0UHXE OE FHEQ iUXZ ANAIDI=
AL ECh., &E4A 2 D|(Viscous Dashpot

C= Damper)2 OtE2#EE2 28 HZ0 dldSCt2 2CH Ol Hiel &5 24

Damping, Critical

System= && 80| B &t AXNZ HSOILES ol=0l 228 =42 2.

~

Damping Factor (24X
2AMX = 2HE T ZAHI(Damping Ratio)2% ZCIHAXM, LA 24 H=gt
(Critical Damping Coefficient)3t H 2l 24 H=2=2t(Damping Coefficient)2l HIZ A
H ST

[

v = cle. = c/2Vmk OIIM cE H Za A=, cce LH 24 H== me A
of &g el ke A2 Azmd d+=Z 20/t

Damping Force (Z41&)
20 2lst Hed.

HREH 8o HS LEHHE 25 UBAS, n S N2 SYE Lo HE
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E AIB5I0 Jl=g Mo 55 8y Z2ele Hs #HE.
Damping Ratio (22/4l)
dy H4 2HE = HE ARHo 2AAH==2 A 22 H==0 CHst dl. 224l
= A ZA0l he HEEZ HAISHCH
S

21 M0l XXOF RFEE HIZAHEQ Bt X2HE XIAIGH| 9I5t0 2ZFAl HISOl

Dash Pot (WAl ZE)

HE(HAE) ZAE LM B,

DAT(Digital Audio Tape)

Digital Sz &

JEE _'
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rr
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Data Collector (Kt2 =& JI)

FFT A SpectrasE stet JIHl AEf XNEE 8ot H&Eots CH

0K

Micro

1]
H
ol
ol
o0

Processor— Based HZD|.
Data Point (GIOIEl &)
MIESI0 2ol EHE ME.
Data Processing (GI0IE Xel)
ZFOHZX OOIHHZRH Zs F2E I fotH, MIIE L= JIHA 20l et
HIOIEHE HMelot= .
DC(Direct Current) (2&)
2 320 A2 ek &S| Hetole 288t =242 MI|IE dS. Rotorl Y
(o]

2L HE2 YPYHOZ DCUE FEHLY.

O

0 AL
T T
JIE FU==0 ot 10Hi= OtLILE &4 1 decade = 3 octave + 1/3 octave&



AP EHCH?23 - 21/3 = 210/3 += 10).
Decibels (dB)

200 &I AS9 Powerlt Mol HIJF 2 A HEGh=0 Hels (0 &

£ AMS/AE). dB = 10 Log Py/P, = 20 Log Vi/Vs.
F

~

Degree of Freedom (KIS E)
H. e AIZ0 UAAAM J1AHAHSG 2
=2

g HE = 0 == Ao Jtse =

Detection (2 &)
SX0l AMS(AC)E DC AZEXZ BHetols 21, DC dZX= SHEQ AMS9 Peak &

= Peak-to-Peak® &&XI(RMS)2t 2 LCt.

Detector (H&DI)
Transducer &2,

Deterministic Signal (Z&& AS)
gt oz AMse=E A S

N

4 AlS(Random

a

A A S(Deterministic Signal)2t 2
(@]

UL Z23H dagt #5822 =06l HE Jtsob
o &d39 2 A0l M= Jtsst ASE 20lotH, I A3t HIFI| ds2 O
Al 2FE == O BHEH0 g dset O &8 2EZANE H8E = U= HEHA
eN(E, M3 H, 24, USEIS)AU0 Jisst s dsE 20lgtct. 23
M NSO HEAEQ M= Xs g S22 HEE = Us ds 22 FI| g8
ol AUACH

Difference Analysis
0™ =& H=0 gt HeotE Eotole Y$Y. 5 Setl DataE ChE Al2t

g XA0M =&otH X0IE A

Jhi

2 o

B
ro
[w]

Differential Expansion (XS &
Thrust HIHEHZERH H: & AH2lW XIS JlH CasingE JIE2=Z Rotorll
]

sger XS A= Casingdt = Z&SZ°l Rotor ?IXI2 &UH Bst=s



71A AF & — 23

Axial Clearancelll ¥&2 ==0{ I Startup OIL} ShutdownAlSl SO ZU=2
2oLCE.  0oldst H=E2 HEHE2=z JIH Casingdl &=E Proximity Probe
Transducer2 Rotorl =2& HAH(0:Collar)E 2Z S22 AN O0IRUHAICE 0 H=
2 OiJH TSI(Turbine Supervisory Instrumentation) System2 L£=Z L& Lt

Differential Phase
Rotor System&l2l Az & SYE /X2 HY =Lt=+0H M Filtered & & Signal

£ AMOIQ a2 X012 E=Hot=s Jle. =22¢&H(Instability) Sourcell XIS mHet
ol=0dl AI2EC. 2& U2 Signal 20 fA42H0] Leadole= &S SignalOl CHIH
20+A 9| Sourcelll JI& D2 &) 2XIE Jtel2ICh

Digital Signal Processing(DSP)

KAAHONA 2HE Aol HEKAS(Analog Signal)E MEE BES HA 0latdlS
(Digital Signa)2 HtE &, MSZ2H *ote F2E 20U= XYS 20Ist
Ol, &HchHel A= MSOAMS B8 £42 )| 2ol S0 0la A5 XelAl
A, Bols S HHIHA SRS D A0l 2060, ZFREIE 0188 Ol4t
AS9 XMe2lJt 0lothi= ZEYN XEd, 0l4h MS Melgtel & S0l HgE D
USH &M otLtel st2ez LEE D AT

Digital Vector Filter
Vector Filter &=.

Direct Data
HECDX 22 JeH HEI| Signal2 UEHWH= Data & Signal. =3

I
ron
a

Unfiltered, Raw, All Pass, &2 Overall Data &= Signal 0|2t

Direct Impedance (& Ol0IEA), Driving—Point Impedance (=& &1/0|

EA)
SHASS ol= JIAHAL sLEO Sl =229 sS4 .
Direct(Mechanical) Mobility (=& 2YelEl), Driving—Point(Mechanical)

Mobility (&2
22lEl)

HAsS ot JIAHAHS S8 59 e sS4 dl.

— =

Direct Recording

S& s AMSIF Flux 8BS0l el Magnetic TapeZ & E dLYDl= Y.

rr



Discrete Fourier Transform
H235tel AM2E Xr=(Sampled time Data)22H O0l& O HE(Filters £=
Lines)2 Jl&tote= EXOICH Fobe 9 ZWIF S4A(F A & o 42)0
Sz H9 &&= Sample=2| Bt ZLC}h.

Displacement (<)

oM™ JIE&E2 JIELZ o™ 22X Hel &2 XS 3 getdoz J|IH &

= 28 L= /XS Peak-to-Peak =&O0I0, 28 Mils E£&=

il &«
Micrometers® SR Z ESECI, Proximity Probes HRE &2&E

S aags

EFEL. B&
NS E #Helz HEtAIIID| fIiAM= Signal ®&E(Integration)0l ZR036tLE, =J| H
? 58S UEWX 2=
Displacement Transducer
1 £=0I Transducer?t £ SHI(S4 =2)2+2 JHel0l Hieldt= Transducer.
Distortion  (2H=)
ool AMZo d=0let &S HEH(Wave Form)oll [AHAMS X 2= HES 20
SHCH. Q=01 ZMIEZN M) S2lHQ 42 Jote &2 Jlise=E Fh=
Olelel D=0 4201 2H5t=s 22 S = UALH A= FX0l Met gMot=s 1D
=0 429 FTOF ¢ =t

Dominant Frequency (Ef2 X Z)
Ie AHMER0 AN HUUS EASE MES.
DSA.

Dynamic Signal Analyzer. &=

Dual Path
Ch B =0l Monitor SHOIA S JHSl JHE A QI Signal Conditioning PathE
SoiM Xel=ZH ot=, &= Monitor0il M0l= Signal Conditioning 218. &
Signal Conditioning Pathe 1 XA =28 SHUQ(0: HAY =), HdeH

Filtering, d&2 &3& & =(Alarm Setpoints) 2 Displays & £ QUC}.

-

fny

Dual Probe
22 Point(CHoH J1H HIHE Housing 12 &2 Junction BoxQHoll)oll Bt &f
o2 AXI= Proximity Probe®t £ HZ RAE= HES)| Set. 0| B&D] System

ZEH 4019 €& SFHIEE2 ¥¢=2 4 JAU. =, Proximity Probes= (1) HIOZ

[0 oo
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2t=2 UM 2l Shaftel MUHE 2F XA (2) HIHES JIELZ &2 Shafte] S
252 =Fstth. (3) ST HZ =8st J|H Casing? 2O s s3dot, el
1D (4) =& Signalol HIZ E=26t0 =9 AHAE Signaldll gatez =9 & 2
s= SZ 0.

Dual Voting

SoHel =S&E Monitor 238 ASE 5 M EX(=cl® ANDZH)IE HAH XDl HOll
2XIGHHOF StCH MIE &% 0l JIs2 Monitortll S EHAM, SIHS BHE)| g
Signalol 2 Danger Setpoint2hg Y2 Z=02t
MonitorOl & X Z Alarm Condition0l EAl &&S StCh.  9reF &k Jfel #HED| &

HO0| EEZ s S= &= HAIGHHE, Monitorfile 21 2dotX =0

In
=}
e
p<l
JH
x
0%
o
=
2
ml

ol

Dummy (EH01)
MHS SEH Z, 8 L= 1 0laS AAHFEBHAIZI AlE X = S2lE 2

cl
=.

Dynamic Data

SHE o SH(ME S8 Is) S5 UHUWs PES ZEdtl JA=(B4

ts AEIQH/SE= Transient &'EH) Data. Orbit, Timebase Waveform, Spectrum,
Polar, Bode, Cascade2 WaterfallS0l &&XQl Dynamic DataOICt. 0Ol DataZ2
2H M=, F0b%, O OtE(Filtered) & =D Signalll 242t (Phase Lag Angle)&
2 Static Data &l Rass =&l & =Jt UL+ Steady State dynamic Data
%t Transient Dynamic Data & =.

Dynamic Force (S&¢Q! &)
AlZHOll et Blots &.

gt ZIAXI ZUX ALOISl HRAZ S&f DecibelsZ HAlIst

Dynamic signal (& 8 35)
AlIZHO 2t Hslole A

O
>
fol
=2
(I
i
|'Cl
!
O

Dynamic Signal Analyzer (DSA)
It 4222 LIEtWDI] <6t Digital Signal Processingit

SN N5E WE =
FFTE ALS3ts XS 2401, DSAS S8 A2t®ol 2 9Ia SpectumZ LIEH
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Dynamic Stiffness (& &), Dynamic Spring Constant (S& A D2l Abz)

e 2t28 AHMAIZII| A0 Dynamic ForceOll EtaH JioHXl= & 2 (Mass)t
(=X

24 & (Damping)2l =& & (Dynamic Effects)2t Mechanical System2 Az
ZEDo &, =sH X0l JAUAS o SEW Bl SEu Hl. HMSS
ot AS e & Helete s44 Hl., S8 242 H(System)2 E40IH, 1
el s SE2 HMsStoldl fIoh Jtold SHel &0l CHErstCt. Dynamic

Stiffness, Direct@ Dynamic Stiffness Quadrature & 7.

Dynamic Stiffness, Direct
O8I (Applied Force)dt B gtstoz HE MOl Modal Mass, EA, Cross

Couple Dampings2Z 4 & Mechanical System2 Dynamic Stiffness2l A 2.

Dynamic Stiffness, Quadrature

SH =AHOUA Rotating System Dynamic Stiffness? 292 M S 22
TermsS ZE&sSHCH. =, 1) Viscous Damping(Shaftdl SME 2 M2 O |AS
H=9| ot

BH&2); 2) Fluid Wedge Support Term(S M I 8ES 2 e 1 3IE=E
A=), ZXE Cross—Coupled Stiffness(84&3 A= - Tangential Component)
10 $tCk.  Quadrature Dynamic Stiffness= Jt&I & =& Y@atoz XMNZGHCL

(90°9 2l&k2t Xtol).

Dynamic Unbalance (S& 2% d)

24 Rotorlll AUA, & 24 =50 = s 2XEHD YK @ A &2
SZE M. 8 S4E9 LA HE=, 209 NEE = H2H UHoA HE
HOl 242 M2 22HEeE =8E HEHZ F0&0. 0/=2 Rotor e &M =& E
£ UHEol= R0ICH

Dynamic Vibration Absorber (S& E&D|
=
T

A0 MSH AN ZH SO WSH B2 FASAHN =8
Ste B IAA0 B HEE FHE, FANSHO MESS LZAAII s
=3

E khkkkkkkkkk kkhkkhkkhkkhkkhkkkkk
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Eccentricity Bow
Bow2 Eccentricity Peak to Peak &Zx.

Eccentricity, Mechanical (21H& T A!)

o Jlotetd SHHdsS JIELZ & M, =29 "2 XNEQ Hetd, AT =%,
Mechanical Runout &Z.

Eccentricity Peak to Peak
Slow Roll Speed(&8 &3l T= =Z)HA =2 3. 0 = g2 (1) R3E Il

HE & (2) SAEQ SHl & (3) LAFSZ 2F MAOILE
g 02tz dte FX(Rest)Al2l & S ARZ 2T

PN

Eccentricity Position ) (NS & MoK £8)

(

Radial Position &Z.
Eccentricity Ratio, Average (B2 BHAE)
HOHE (L= Seal) UWUHAKS =9 ZEBZ <XE LEHWH
(Dimensionless Quantity). = SA&Q HZ X2t H (=
0l2l HelE Radial ClearanceZ UHAM &=&= B HAES2 0 1AHOI0
Ct. =1 HOHE(E= Seal)2 SAEO0l LXI6tH 00112, F0| HOHS (L= Seal)
o

=
= ZMAEQI otH M (Stability)2l 2HME

Y=ot 10ICt. HEHES0| ZAot=s =0l

Eccentricity Ratio, Dynamic (S& A&
HI 2 (£= Seal) LHOIA S =2

Eccentricity, Slow Roll (Slow Roll BHAIE)

Eccentricity Peak-to—Peak & =x&.

Eddy Current (2t&8 &)

Eigenfrequency (DKF1H%)

ol
Lt



ool Aol 1Ng T==(Natural frequency)ES 2l0lot0, |AISt 0z 2& =1}
#(Resonant Frequency)Jt QUCH. Z2st Q0INA & Fox2 0 Fil=x&
SLUGHA %2M, DR e 822 DRIl 2H(Eigenvalue Probrem)2 &
B ol S8 Fix= 22& UM Jtd =2t R ds=+It X
22 LiEtlE S2® o2 ZFo &

Elastic centre (EF4 Z4&!)
MZ ZHudcte 3042 B8d =59 WE,

Electrical Runout
2HE Oa 2d MEQ HlzEgst MIIE MM XHE2  EAY(Magnetic
Permeability) B OWAM HIE&Z = Proximity Probe Transducer System2 &=
Signalel &8 &d&. E£& = HH Sd42 22H NEU oM =eHEIIE &
Ct. Probe Gapll HIHESH 25 L= Ed =5 |AXQ #EHaHol JIQIGHA &2
Proximitor £& &2 H3st. 0l 2X= =2 02 MO0CH Z&otdl Bt=g8tCt.
Mechanical Runout & Z.

Electromechanical Pickup (J1H-&J[4l =)
JIAHAHE, 8, 25 S)E 2HY oldXio <o ZHsotod, & JIHM HHXE
220U E£= 019 9 HEE FHots HED.

Element Passage Frequency (EPx)

HIHE Housing BA&JIE 0186t HUL Bently Nevadall REBAM System=2 0|3
otd, & 24 M (Rolling Element Bearings)2 ZAIGH)| 218 222 M EPX
= 78 22t W= Racelt 2= Race2l ™ 1D&EE s s Mo Flt=+E
MAXMOo=Z HMAIGH ECk.  Element Passage frequencyl Z3aF =Z=2(Harmonics)
= 2EPx, 3EPx, -+ , NEPxZ LIEHHCE,

Elliptical Vibration (Et& &S)
dsotl U= H2 AXHO0l B0l He ds.

End of Shift Report
Plant Summary Report &=.

Engineering Units
Micrometer, Mils, In/sec, g'sS2& =X E UEIUW= Sel&Ql =2,

Envelope Detection



AN &3 MS2RH Z€S8 UBUWEsE D H &8F

o EM42 HHol= 34X 2l(Three—Phase Process).

d

Equal-Vibration Sensation Contour (S& & 22 =4)
00 et S&s 222 12 e,

J

Equivalent nth Modal Unbalance (SJ nxl 22& 2HE)

nxt = 225 d=20 OotH, nXt 22E SEEL 22 e JHN

e8]
0o
O
02
10

o ¢y 2EE U,, =89 nkt 2E9 LR &= 2,292 20| Z

rir
B
b

m 2
o ¥
[ua
Lo
2
M oz
e oo
o o
Wt
08
0
e
=)
c
kIl N
0
ro
=
lo
s
0
[‘D
1

n
rr

3
=
[=)

a

Ol & Ct.

Equivalent Viscous Damping (St &4 Z4

)
== oldg SHCZ Jt8E d€ 84 &9 gt 28H2=2 1 A0I20tLHE

o=

st " Bd ZA0 g A AMe ZaAMEo 28 A

VIS DR 1) )
2 HEE SOt

0z ox

0x

2HA| 0| 2t= A BHC}

Equivalent System (SJHH)
iAol HoA Stz X&E H., s 20HHMeE O3Sl 22 el ot

A 2o EJF L= SIOHAIE AL (1) S 24, (2)
(
| B14=0] XIAl= 2t &2tuel xt. Eal &0 2XHRelative Errorn)2 HE& &

Sd2 L2 X=3 = FIHIIHL EF. 0| Essential MachineryIt &sE Xl
2odH MM &0 AU SH2Z JISEX OLISICH. 0 &2 JIH=2 WUHIS
0l A& ot QIIE otH, YetMo=2 H= 2 A|(Continuous Monitoring) 2t Ol &

[e]
O & Ct. Critical Machinery &2,

ol

Excitation. (01 &), Stimulus



== & e olad JIE oletnE &t
S0A M0lE OlaXQl DR gtHO 2= X35t JF&l(Harmonic Excitation), &2 J}
&l (Impact  Excitation), AQIJI&I(Sweep  Excitation), FII&Z%  J&(Chirp

Excitation) S0| QUL

a
12

SystemO0| SEotT
A

Exciter (Jt&ID1)
RAFOz ANEE YMAIIIDl st FIIL JIHREE 2018, HINHQ KNS E
2802 ot¢ 0 mE= JIHAC #HeL gez tNAFz=E 222 0 JTH
28 24 S40IL dXJIE= 0l=2otd 2 80| 28t dR0=s R&e= 0l&0tI|
T OtH MY ER0= dAJIEE 0188 HIEEA JAIIE ArSstt

Exposure Time (ZZ Al2})
AS0ILE Bt= =A0| oM It Kl= Al 2.

External Sampling(Triggering)

E4 1X0l oHEole 2AE Trigger2 Data Sampling M2lE EZ&ol= 2. HZHHS
of 2 s A 38sS BN =C}.

F AKhkAkhkhkhkhkhkhkkhkkhkkhkkhkkhkkkhkkkk

Fast Fourier Transform(FFT)
A2t THE S 014 I 42 Y AEZEOZ BiEol= HAH 2

FFT Analyzer (FFT 24 D])
AlZE AISE g 80F N ZE2| HEt2 ot Fhi= 82 & M &S99
S4H2 Wcte HHIE S&ote E2HOICH ABIMOZ2 Als =24MD|(Signal

&=

Field Balancing (S1& Zetal)
HE AIEII0 2otX &, HEAIILDKA o= JIH XA HAHE D) XX +x2=
= AMEotH dAlcte HE &I, 0 &2 Ed0 28t 32= =4, M L=
AN RE=S2 M=sE SHE2ZN 2UHALCH

Filter (41t 21)
dSo S Fle HEES SHAIIHU XUHOIES LNotE &It 32,

Finite Element Modeling
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Gl Xl otJl flst Computer

S0+ O0X oIl 6tH

JIAl System2 ?*4SHI)| M0 1 Systeml s& S
E =% &4 Rotor2 1

= —

Aided Designll|=.
ModelingE 0I=2& %= UL}

Flat Top Filter

=4 0l&t 0= =201 e = H2 £ Ml30dt= DSA Window JIs.

A
I
0
Jov
H

Flexible Rotor (EtA Rotor)

24 Rotor2l H2IE 0OHH A = 24 0122 Rotor.

J
=

Flexural Critical Speed (28 2
Rotor2l X=IH H&AO| ZLMs
= &M 30

oliel A2 Journalel MSEL

a@
>
=
(_)'ﬂ
=
=
10
D
o
et
S
s
ﬂ

Flexural Principal Mode (28 = 2225)
2 (mm ]

=g A8 =Z0lAM Rotordt Z=

==}

Flexural Vibration, Bending Vibration (
A =z Hel= A UEUEsE &s.

=z 55 28)
HOE L= Seal 2t=2 WOHIAM, 2 RotorfilA LJEXM =% WHUHA, S& =29 3
& HEHoZ, KM HZE JIMSS2 =9 JHBZEZZ Les SRIb gle HIS.
Lambda2t ST Z2 KM (Fluid Force)0l 3 &dts 2T (Angular
Velocity)OICt.  3Z, sl&™ =00 H8t Oil(Fluid) Whirl =02 HI&= AIEE
CHZALXI).
Flow-Induced Vibration (S 0{J| &S)

=M SS0| &0l =0l 2dote A

Fluid Film Bearing

Oilgl g2 RUANAM XXt HIOHE. KRUS2

Journal®l 3| & (Hydrodynamic

Bearing)0ll 2ot = A20AH 23= 21 (Hydrostatic Bearing)0ll 2loHA &4
=IC},
Fluid Induced Instabilities (S S =2&)
0 & AIOIZS &9 &3 Xs

S M Rotortel asXEC=Z olet Xtef& L, Het



Old2 ol ZBAE =UE M LHGHH, = Rotor/RHMMAS Direct? Quadrature
Dynamic Stiffness)t 25 00l 82 & [l €M&L. KA & Js2 S4 Whirl
I Whipez =el= IR 2aoz ZelEth.  Whirl@ HIoE, Seal &=
Rotor 0N S JF 2 =8

Rate)0il 2&ot= HldId=+E I, = EEZ0 Hleldcte =M+=S AL S

(Fluid Circumferential Average Velocity

ro

A HHHNAME Whirl2 0.3X0IAl 0.49X7HKl Bstele & 3 8EE9 %F.'_I} S
Fo0MN ML SX™EFEIF SIIE N 20t F14+=JF Rotor System High
Eccentricity D8&=S20 E2& W, Whirl@ Whiplz2 dMet=Ilt (0 =2 3ads:

ni
tiAMeE O =2 222 SH Whirl2t WhipOl
x

C5t gastt). FgeH(Forward)0l2
Aol FEeol As Ovitz2 SHXe= | 222 Rotor/ HIHE/ Seal HSHAM =
£ LIEtECH [etAd Olelst 842 22 & WL =85 A 22H oHd
SH: 2L, BII, Process Gass)It & 2M(AS dtLi= IXGHHM St MO
d RME |F oz B0 =) EH A0S SM 22 WU S2MH JUSH
s =~ UL

HEY dsl 22 & 218 JI0 0lgte 2t 2L X0l 2o J1AH A

a. =

EZ= LIEtLE F2=9 FI|H H3g

b. & & ASo ANE L FOH HI ML FO49 FO4 & AZEQ BHZX
£ JIM2= MA. FM Tape Recording® DC(Zero Hertz) Xl Weddl= M0t
S s

=0 0] $¥2ez Proximity Probell & =9IXIE LIEfW= DC
J

Folding Frequency (Z2% Z=I4)
MEy gicol 1. Al FI42DE s
Force

X & (Static Force) £= 2=(Dynamic Force)S £23|= &0l JIol & Energy.

Forced Vibration (ZH &)

Jb8E (£= &) (Forcing Function, Exciting Force)tl 2/8 J|H SystemSl
S s, MENoz UM HNS2 IR Fhix9 22 =042 2=0H oA
0l oI5t &HMalE e S22 2H &S0let 22X 2=Ch
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Form Factor (II&8)
22 HES XLl= BHAIOIZ =29 ZZgHl
Foundation (21=x)
JIHHE K Kots 2EA.
M XIXISHD = JIHHAH

é
=}
B
o
1
rr
Y]
{0
N
0

Free Impedance (XIS II0IEHA)
JIHE 25t 2ItE DEMC YTOIHAI}L 00 B 23 =
HE Do Xg &I LU0 AL, AE =&& J|H duolga
Free Vibration (A8 &)

HE=S MAHE =0 20Us s, s ASHAMsE O ARMS+2 ASEHCH

Frequency (FIt==, XS=)
E2 A" =OIH KZ29 BIEE dE == &HEH2Z Cycles Per
Second(Hertz)Lt Cycle Per MinuteQ=2 (52 sI&d=5Ee 20 A 2AHXNE =
UEE) HEHEC &2, B89 %2 JH DEES 5O BTt LFHE 2
E 2= AsSg LMo 20 206l As Fhtx= 52 & =50 e g2
HAEC. 1X= =2 RPMI 22 FIteE 2= AS0IH, 2X 52 = RPME
SHli, 0.5X= & RPM2l Bte| =48 JI&ICH

Frequency Analysis (Ft 24)
Az SNo AHEEY 24, Spectrum &,

Frequency Component (F=It4= &)

St JHel F=I==0ll TSt Filtered Dynamic Signal &&2| &ZF, I L F&229

Frequency Demodulation

E £= 885 === HlE £=

ot~ H== lMct= Xel. S& HIEE &

i

=
T
s2 =&ot=0 MELHMH, 2= 224 2L ZAE2Z Gear Mesh Frequencyll
HSE ZEot=0 ArE st
Frequency Domain (Ft% FH)

FFT(XZ O =THz)o B8

Frequency Resolution (FIt4 2oHs)



U

SpectrumOlA 2HEE = U= 242 =M=2t2 F A X0l (CIOIE ™Mel) IS Al

Of A2t L.

r

gEdSo FI2 S8+2A HAIE 84S 2N HE., 2SS dHZ0l 2ok

FTF
Rolling Element Bearing® Fundamental Train Freguency. Ol FIl%== Cage &
SHol 2lol 2 EICH.

Fundamental (J|=1)

e ES9 22 WELE 2= F

=

Fundamental Frequency (12 F1t&)
g FI19 94, MSHO IE &2 IRIsS4+E LotH, 0 sS40 tsSols
HR 2EE J2 1% 22 S IS X3 24Fs e J|=2ne
sS4

Fundamental Natural Mode. (182 18 Z22&)
HSHL SEHS 22 1 Ass L= 28 IO 5 1 M FU$EE 2=
s = SE DREE U S2lFHozE A2 Aot IHE g dsE %
As 2REZ2 OlHEIIE 8T

p=) =2
[— =
o 2l Bot2. AMsSHS JE 22 ARAS

g (B Ji15)
- S0l oA =, XS Aot 2FE XF2 =0/0 Tet of2t Eetkls
£C9 gt =M ol Wek, 9.8 m/s*=386 in/s?=32.17 ft/s® gt0l =0l 2t

Gain

Signal Gain &=x.
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Gap
Probe Gap &Zx.

Gaussian Random Noise (I2A &)
=2t g0l IRA 2EL BYE L= =438 E3.

4

[Re)

3]
tol
o

Gear Mesh Frequency
JIIHE H&E G JIHS HEMA

ds ==, JIo ol

2 C}.
General Purpose Machinery
Balance of Plant Machinery & =X.

Glitch
Electrical Runoutdt Mechanical Runout & Z%.
Gravitational Balancing Machine (&4 H& AI&J]), Non-Rotational Balancing
Machine
(HI3I&Al HE AIEDI)
24 RotorE JHMAIIIK %= AHZ XXGHH, 3 SN 28 FE2E 22

= A= BE AMEIL

Ground Loop
St 32 LHOIM &I THE 2XE8UHA EX=Z 216t 26t
O

[y

22 ol HAR MSE =

Gyroscopic Moment (KHO|2ADE DL2UE)
SIMAC AT =0 Mudle HE = Sd 0 AR0HAM 2HESZ & 2SAIAS
A= Huols & SH0 gMoles ZLLUE,

H khkkhkkkkkkkhkkkhkkhkkhkkkhkkkxk

Hand-Transmitted Vibration (=& X S)
220 2E JtHKAHU L= HLDesE JIH s, s 29, &80 =2 23
o == EUS M, AN ML= &=,

Hanning Window



Flat Top Window 2l= O £2 it 2diss +

& DSAZ2 Window Function. FJ|HQl AlSet ER3H AS0 AFEZH, Il

dE 2AECZ= JHE LA QI Window FunctionOl Ct.

Hard Bearing Balancing Machine Below Resonance Balancing Machine (Gt0t
cg 4%

INE=P)

KX 2-Rotore| DRAISHEL E2 ME ZEE 2= & AMEII.

FI| As9 EM42 2 =Itol tHold ot A, ZFE2I0 aif&oletnE STt
Harmonic Excitation (X3&t O &l)

A2t X3 42 HAlDE 28 = 3. X3 JH& 0|2t & SHC.
Harmonics (X3HI})

FI£=Jl JI=(Fundamental) &2 =M F£9 ALZQl 2LHO FM4£E I

Halg

el =Mt 422 8 ME2(Sinusoidal) &S

HFD(High Frequency Detection)
Rolling Element Bearing® Z&=2 2| f& 28, JIH S=2 2| fdtHd It

2 1R Ms FLt+E 0|SstLh.

Heavy Spot
EEHEO QXE HE8ole ©0. Rotoraol o EXSH =M XN&E(S BHHA)
FAXE SEE HHY 2" =2EE 2EO g2 2L, A2 MdEHOZ S M=E0
ek okl 2=0

Hertz(Hz)

rr
4
E
4>
I
0z
10
0
4

Cycle Per Second& 2|0|al
High Frequency (23=1})

Rolling Element BearingS ZxAlol

e =2 FIU4+E =3

Ol J1&0l & JKAl Hil

2 0
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BHHO Oledst O Belo dMs2 RYLct=(lE =Y Cavitation, Rubs, S) Z
JbX CHE JIH DEES JUCH T8, D=0 58 J|ge Uz2e B4 »
M)t 2t AIZBED UR 0120 Z2E LMaIIS St

High-Pass Filter (XCHS 0THD|)
e & stEE Z2 Corner(Cutoff) Fo=(XZ=0| 3dB2IE 2dEE=E &)E2H
L&t =0t (8 Transducerlt HJIQ &9 =0t SE SHAIE)NXS HAS =
= o otLel 8& S (Transmission Band)S = Filter.

High Speed Balancing (D& & &)

3 28 =2 O 220 M &@ot= Rotor Balancing. 0Ol Balancing2 & &
HIOIA &StALE IS4 LHOl S806l dHE XX DESS MESHH & StC.

High Spot
=8d 80l st 5o SE= &8ot=0 M0l E0. ==t 1X &S0l CHotH,
O0IX2 Shaftdt Probelil Jt& JtZ B2} M, 1 XB0 A= &S Probel
2 2ol A= &2 AZ=&(Angular Location). 1 ProbellAd L& 1X Filter
= &= &SIt Positive Peaklll =€ot=E =2t2] &= Probe Ot & HY® <

A
X, st IHE =2 UEHESIHM SAFHS XK.
Higher Harmonic Resonance (11
Az o &0 ASHOM HEB2E WM, nS 3
o NRis=0 JtZJl 2o 2olts s&. AHs nXt DXIINE EEots
&tC

FI 1/ 12 MS0l oiUD, 0IXRS nXt DX S80It

0k
LOJ
E!
(1[4
>

Hysteresis
LYPHOF B Jfo BJF Sototd 24 4 3J12 X0l.  False Triggerg =
0171 <l5tod &A= Trigger Threshold?t Reset AtOI2l gt Xt0l(Dead Band). &
8t GHLECl OHOHEE =D S0l et 200 B2t 2HAH0 JAHML HEH(E SH
=50 SLE et S YHEZZA Peak XEQl B, SHH E2 Ot

) H
g =40 UMM 22 SIAIZ ZaA8 =4

khkkkkkkkkkkhkkhkkhkkhkkhkkkkk



deal Filter

S U (Passband) UWoHAE e =g JHXH S Y HoMd=s &=0]
Aol EMS IXE AIZE 229 Filter.

Imbalance(Unbalance) (22 )
Rotor System &9 =22 st Brd Wako] A& 2, A9 FAM(FHLEF
Principal Inertial Axis)Ol DJIot&® ZAMI LXK L= = 4Aei. £

RotorE & AEHOA HO UM ot S& & 2H(Effective Mass).
Impact Test (EE AlE)
FCHE 2o 132 FLE 2 &=0/|2t olH, s==2 LMst 209 =

[ &

[JF XF2HI(Stimulus)2M A &

pN|
=2

e o
1

g Op
9 &

ro
[

Impedance (Y I0IEA)

Aol =50 CHEt Hl. AN 282 SAE0IH, &4 OZ0 O #42 €2 8
EZ A0l BlellohA SOtetCh JOolgAS E0e 1 2, H?HY dsSs3 BHa
ot= 2ol Fab AEH0l 2ol HESCH 0 E0es LB HdEANE HES

O

e, SHolgAc JHE2 HIAdEAN JUAHM &L & HIE &Y6t=
o =2t 2O/oldA(Incremental Impedance)2te EE0HIF MEEH= 2AME, HAE
HOl CHEtH = EHEMNAM AFSZI D& SHCt.

Impedance, Mechanical

HESS ol JIAAS O 82 S, €2 8 L= UE Z2 =29 |4
H. HBIEE dSHON UotHe, 8 E S 22 E23 € 25E2 et

=2tXol Q& L= olad g IR 0|2t & ST,

In-Phase (Direct) Motion Component(IN ®)
ds HE|o 2= (Transducer Angular Location)dt In-Phase? &= Vector
o 2t. 0l AJl Peak-to—Peak X ZE0|11, 6JF Vectore A& [, INO =
A cosez g = UL In-Phase®2 Quadrature Signal® XY PlotterL}

Recorder0il A =2 ZtE(Polar Plot)E 2HED| ol AFZEICH.

e

Inertia Force (&)

JIAAS 20| 20t

rr
rr
oot
U
o
3]
|J
10
M0
O
o
JB
N
il
i3]
o

20 et 0|
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AJIE JHd &

]

iz SZ0IX AEE RANAI= HY SH(Mass)E JIES=Z

1 24822 6
2S(2U 2352 UEYHO).  £8F Internal Inertial Reference MassE Jt&l B8t
JIE HEotIl& sttt

Influence Vector
HE EFs =9 JASTUHAM nE AU st IXAsS Y Vectors WE 2
(Calibration Weight) Vector(Amplitude and Phase)2 LtE 22z, I& A=
(Influence Coefficients)2tl1& &t0 Balancing ot=0dl AtEEC. ST E &S

Vector® 2ZE™ Vector2 L= 2101 Rotore &Y 8tz=(Transfer Function)OlLCt.
oret Influence Vector® Y0l =2 3& HT2 Rotord0l wd&E FAHIN FHE &

FAE RO vtHZ2 EESUH Influence Vector= Dynamic Stiffness Vector

AW S2AAHOICEH Influence Vector= &3 Influence Coefficient2 &2 2d

o

A

&ICH Influence Vector, Direct@t Influence Vector Longitudinal &

Influence Vector, Direct
=& s Vector?t 2HEH VectorJt Rotor &2
M2l Influence Vector. Tagging Effect Vectoretd & StCh.
Influence Vector, Longitudinal
Ed= s Vector?t S8EE Vector)l RotorsS [tet &Xol GE HHESUHA
9| Influence Vector. Cross Effect Vectoretd & &tCh.
Initial Unbalance (£J| 2Z¥)
BEAIZI2] M0l Rotor LY =Mt =HEH.

Instability (20+H)
X

SHCe HAQ "HE AXNMAME A2t &N SUcte & L= ASHL TZ0
ARt 8 Shicte &4

Instantaneous Value, Instantaneous Magnitude (=2t3})
H™ AIZHOl VA2 29 gt

H
=
]
i
K
0y
>
N
rr
=

1)
=G MSE B ME2 WA JIDIAL T MSE &
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Interference

| 5t

9]

2elol
MtH A2 BZEAL A= &

X=

g
tOI OHl

=0l
|

il

X

2/ 4t

&0lcetd

ol
Rl

0o

9]

Interference Diagram

_é

Campbell Diagram

Internal Damping (LK

<
n0

J

o]

-

Of et &

A
==

UIEPN

12 HE0 et O HRWM AHlE=

%

=]
=

Isolator (&

oJ
Rl
X0
wJ

H0
H

i

o
Jo

J
]
)

10

o
o
il

ol
Kir

7o)

e]

J

=
e

QAS HEOZM, T= B4 40

EtA
— O

1

K

e

KO

&l
R

A, MUHE I+ 1O e

Isotropic Supports (S&4 XIXICH)

Rotor Xl X|

Nl Sote

=
=

Dynamic Stiffness

00
0

Kk
®
"0

o)

Ul
™

Systems.

J khkkhkkkkkkkhkkhkkhkkhkkhkkhkkhkkkk

Journal Center (M<

pll

Jumping Phenomena (

<0
nJ
I
s}
)
il

0l
Rr
qr

il

K kkhkkkkkkkkkkkkkkkkkk

K Factor

=
il
no

<0

Rolling Element Bearing &

-
= .

wJ
00



1A AF &0 — 41

Keyphasor Pulse

=S JI0IL Jlgw &= 12dd8E 15 2dote Keyphasor BHatllel £

Signal®l # 3},

Keyphasor Transducer

Keyphasor SignalOlct) £2l= =2 13 &0ICH 18 &248t= Voltage PulseE =

o
gHEtdl. 0l dls= =2 F2| BT E Fdotle AN s A4dAS 5E6

firorr

-

JIE2ex MOICE  0l212 Rotor Slow Roll Bow £&= Runout Information2 &

AMol= ool 24X 2A0|CH  Keyphasor Transducer= NMEXEOZ Proximity

Probe(Physical Gap Change EventE 2&ol)| fof 37 &Ax=2oz HE)

)

Optical Pickup(Reflectivity Event2l B13lE =A5H)| ol LAIZ EXI6HH AIEZ),

Jon

Keyphasor? SHIE 2 Xl= Key®d L= KOO|LH.

L kkkkkkkkkkkkkkkkkkkx

Lateral Location.
SIAFH0 et UsE e 83=2 &3
Lateral Vibration
SINFNMN 2= HUAN &M8l= &S, Radial Vibration & X.

Leakage (&&

)
DSAOIA =&0lgt =&tet A2t JIF Z20l2 28t =+ 422 2F. 0l2g

t
Limit Cycle (2I01E AlOI2)

Aed BSHA, 2R0 Jp2 S0l 25 8ol Jte =

2

A ZAaECh

ol

o FI| ds.

(i

o

Line
DSAS &4 Filtere #& &dYol=d AIEds =0(WE =3 400 Lin

Analyzer). O|&=Ql FIl4 2dise FL4=/ Line2 =0IC}.

)
Y 20l EE SIEX WA Hlddl 2AHE JtXl= Systemel SH.

2 Magnetic PickupOlLCt. Keyphasor= Bently Nevadall SSAEZO0|CH

(e:]
&2 Flat Top ¥ Hanningdt 22 =& &2=(Weighted Window Function)& AlZ
2

e



Linear Averaging

Time Averaging & Z.
Linearity (M&4)
&3 Systeml =€ S42 LSty LAHSH HAE IIXL. = YE€(a) € =2
(b)0il CHE SE0I A 2 BOIH 23 (a+tb)2! 8 System2 SE& A+B8It =L},
Linear System (&&H)
E3 =+ HRWAM Systeme ZE =20 U6HH Jt&E0 HE Hldlcte €
£ JiXl= System. 0] Ho0 (=X, System =2 2t A9 SEH2 Lo M
& dHlE ZEA0 2o EAELD, S3C JclE HEAZ = UL
Linear Viscous Damping (8&& && Zt4l), Viscous Damping (B4 2f4l)
ASH QA = 1 22I 249 50 dldlste IJIZ M, BHoH 2&el &
A2 ¢S M M= WX 28, =& 4 Aol s 42 Al 550l
Ct.
Linear Viscous Damping Coefficient (8& &A& 24H =), Viscous Damping
Coefficient
(BA 22H=)
Aol £0f st bl

Liquid Crystal Display(LCD) (

S22 HA 9% EHO|

Lissajous Plot (2IAFRS &

o4 X A

1)

o
Z RSt Flat Panel EAIQ 25,

)

Orbit &X..

Load Zone (Gt& XI)
Z0 &0t 9tE 2 & M0l =1 Outer Race AOIOIA ZICHQ =g &
= Rolling Element Bearing =%I2 Angular Region. HIOHE &= =JotI| <
8t ProbesS2 & 2S8H(E= ItE 2UAE) =FS oM 2 0 XG0 £x&
Ct. E£8 2% HIHES ZEoiAM O g2 HHES F& IS &H ot &
&.  “Normal" otE&2 Z(+=Z JIHZWA), Gear Mesh forces, == (Fluid
Force)S2o=Z OQloll M2 & UCH.

Loaded Impedance (23tAl LLI0IEA)
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=5 X0l FotE ZA= U 8 HUAH = SuolgAs. H

| S8 JIH SLoleAt 200 =H&ICH

o

Jlel 2o6tAl &I

0o
=]
=}
F_‘?.
_,‘__
QJ
>_

Local Area Network(LAN)

AZ2 HHIE SRotES ot= Computer?t &2 J|+#2H2] Digital HZ&.
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NZ S8t 2t AEE, 2QE A0 et Xt HEts MHE.
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ASHS AN = &
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UXNSSHH AHAS E2 I8 B0 LS 28 22, oL 18 22
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CGRASEHH JAAHM AsSs 18 20 UsH 28 E2, 0. 18 22
SOl UScte 24. RS #Zo| M 2|l Wet g0l CH=C.

Probe
2= 229 Transducer& &dot=0 M0lJI& otXB, L3l Proximity Probe
TransducerE &L},

Probe Gap

Proximity Probe 2% =(Tip)2l &1 2= 35t
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=
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H2l(Mils, Micrometers)Lt Voltage(Millivolts)2l &l E&E £ UL HEAQ

Polarity HEAIO 28t 2501 26tH, GapOl 24A56tH =2 Signaldl ZJH(Less
Negative)St= 240 Lt

Probe Orientation(Probe & &})
JIAH 29l Driver Z0M £ I = XE System &0 A Probell 2% <IXI(Angular
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DXl ZSIt&tCh.

rr
0]
i
B
|0
Hu
CD pe

Process Measurements
LHE AH ¥ &2 ZItol)| /ot MEEHeE 2%, &8 2 RS 22 HesS.
Proving Rotor (A& 2 <2H)
Y AEJIE AlEdl)] ot S 24 Rotor. 01212 HESH 22 JHAIL,
Olel S20tH B &J1JF ¢ U2, =229 22 2IEez N AJI% 2 «
X0l ol E =2 MEd2 2= &6 =28
Proximitor

A F(Eddy Current) Proximity Probe0l Radio Frequency Signals EUW =
o

B

Probe &&= demodulateAlZI 04, Average? Dynamic Probe Gap Distance &F
Ol Hldist= =& Signal& HMZodt= Bently Nevadall Signal Conditioning2|2].
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Pulse
KZAIZH0] R B2 s, E(Tone)dt UHEZO MOICH ZEHA SUHMT XISAl
20| £3l Ot HO 022 2 £+ U= 2 dEA(Impulse)et stCh
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Q, Filter(Q 041t21)
Filter &&= (Selectivity). =, FilterOl 2AHA S S22 HRBZ= Fh2 AU
s 1 = S48 Q= =012, O e g2+
Ct. fcIt S& =001, AfIF GdII1S -3dB PointOl A2l O
= Q = fc/Aaf2 LEEL.
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Q, Machine
2o Q Filtertld K=l 2492, Rotor System2 =J| =2 H2(Synchronous
Amplification Factor)& &Y%st=d M0le ME. Synchronous Amplification

Factor & =X,
Quasi-Periodic Vibration (& F=J| & &)
FI| Ash 22t g s,
Quasi—Rigid Rotor (& 24 Z2H)
SNt HHEOl MIIX 2= M50 UAAHM, X ST0HAMHe ArE20 AC= SHSst
Balancing2 & =+ U= &4 Rotor.
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Quasi-Static Unbalance (£ & 2Z¥)
24 Rotorlil U[_AHAM S& 24 =501 2 4 0122 FUM = S0 CHLE
D AsE N 22 SEE M

R kkhkkhkhkkkhkhkkkhkhkkhkkkkhkkhkkkkk

Radial
XY BHUAM So S48Y =8E= 0E JIAHAS get

Radial Position (2t& <IXI)
Average Shaft Position & ZX.

Radial Vibration (Bt& & S)
= gl =85 20 =FE Shaft Dynamic Motion OIL} Casing &ls2
2 3T 5MS0let REL0

Random Vibration (27 & X E)
ool AIZUAME =Al =S FEG6| s & = gle ds. =A d=EZg =8
U< & ==(Probability Distribution Function)til A SHXEZ2F HH&RILCE.

Raster Plot
CHOH JI2HH& YE= 1 ANHAM Isometric B2&5= 1 U=, Cascadelt
Waterfall Plote] & 2.

Real Time Analysis (&Al2} E4)
ASo T, £AE ASO B2AH0| SAN 0I20HXsE HEHS Lol HIAEA Al
SO A0 sest HHOICH JLUS SDINA SAIEE 2= 242 otlLU AFEXH
Jb Aol 22 £ glg 32 WeE ds 8 2 24 Jlss 21 JUAS2 208t
Ct.

Real Time Rate
A2 HAEFHOZ2 SamplingE =(SampleES2tel 2t20| gls) 2l =0 =,

Real Time Rate= =2 FFTXZI £Z0 et CH2C.
REBAM
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Rolling Element Bearing Activity Monitore 2. A& F
Transducer) 2t MicroproxE 0I&3t0! Rolling Element Bearing &s& 2AlotD &
A5tJ| ?18t Bently Nevadall ZH& 1t System.
Record Length (OIS Al2})
CIOIEl BOIA & JH2l Blocks E2t=ot=0 Kot Al2t. Block SizeE N, 828
2EAS Atet ot JIF A2 T=NAt, = =% 2F9 OIEHE AL0I2 AHMSl A2t
2 (N-1)At.
Rectangular Window
Uniform Window & =.
Rectilinear Transducer (H& B &D])
g8 232 0 Sd= FHot== A= gat)|. ddolgt 0s 0 €49
HEDIE 3ld 230 ZSEHes HaE|et 288 ZRI US OIS AHS ST
Rectilinear Vibration (H& X S)
AS6tn U= Fo AHO AM0| &= &S,
Relative Vibration (&0 &)
HEE D& AEez2 EFE &=, Proximity Probe= IR HIGEHOILE Hi
2 Housingdt Z& Probedt EFHE It AUHQ =9 & 25(Dynamic
Motion) 2t 2 XI( Position)S =& &tCh.
Relative Transducer
CHOH HIGZHOILE HIHE Housingdt Z& Probelt E&&E X0t AUEQ =9 2
£ & =0tl= Proximity Probe(Non—Contact Displacement Transducer)
Relaxation Vibration (0|2 &I S)
Helll £EI0F 22 Mole S(-) 220t A2 =S SUAIA, 22000 3N
T 22O HESH =S ZUHE MEtotA ot= HIdE ZAME IHE ASH=Z
M, 22850l dlol HIdS Z2=500 2 WOl 4J130, ARIE ol O s
Etl=s &s.
Repeatability (Bt= %)
Q0| BtEMoZ JiolE WM &2 2ot &2 SHHE UA sdgts &H8E
Uz HEDILE XA HDI9 2. HLUS = BrS4(Repeatability)2l S&O0ICH
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Response (2

ST ZAGHHA JHE0l st 28 L= 29 B3t AH.
Restoring Force (&%)
JIAHC AZH0| HEots 240 Oer M= 8. HdEdze AZg F AX
o s z8 I8 Itd &
Resultant Unbalance Force (B84 2E&#)
Rotor 2 £2| EEE=2 HE g4de 8. g4 2YEH2 &4 Rotorl 2 =
Al = SAMS ZE6t=s HUH QUCH
Resultant Unbalance Moment (EE&39 &4 ZRME), Resultant Moment of
Unbalance
Force
SEEYo IRUEQ HE e BRUE, g4 ZRUEQ FI|, 0/HS ZF
ote B A& E Yetoz JIEHE FHote gl et G20, &84 LRUEY
AJIE =A=Z ote SEst JIEEHS AXIOF =MSEHCH 012401 2HEo =YL=
(Central Axis of Unbalance)OICt. &4 =2EE0| 02 Hol=s, &84 LRLUEQ
Adle JIEHS /AXA= OFF 2HT 8T
Rigid Rotor (24 Z<2H)
oz MEist 204 (LM X)W A BalancingES o0, =10 0/6He 299 =
Z AEE Mol Ot XX =AL=2 2/MAHAE, Rotor2l B0 2o HIOE &t
=0l 51&at2 Xl %= Rotor
Ringing
2 SZ0IL A0l MAHE UL HSEHE=E AsS.
RMS
Root Mean Square &=.
Rod Drop (Rod2l X&)
g= 232 ot Y=II0AM, Piston Rider ringll Z3tE QIGHH A2IH LHUIA
Piston0l MEMAHY DFE FDEHS JIE2Z 1 Piston Rod2 fAXIHSS =F.
Oledst AKXl EF 22 Full StrokelWUlAM Rodel & fIXIE LEHWAU =2 1
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Strokell 1™ EXHEON AL Rodl =2t& QXIE LIEIE £ UL
Rod Drop, Average Position (Rod2 MZ&, EBZ 2Xl)
242 =S ot JIHWA, A2d A9 D= HDEES JIESZ Piston2 Full
c:

Strokelf Ol A Piston - Rodel &z X3Sl £&. Olde FEE2 U 1 1IF

S ENENN HEFEE A= Proximity Probell Ez# DC Gap Voltage B3t gt
S o2 A & = Ul

na
Hr
S|
{0
ﬂ

Rod drop, Instantaneous Position (Rod2l X
£ otz JIAHNAM, delde #DES JIE2Z Piston2 Full Strokeli 2l

o™ st EZs HOA Piston Rod2l {XIHSIS =&, 0l 2 U 1F
HOHO H=E Proximity Probell #=2t& DC Gap Voltagell &S F&2=2

1 =F 9 TimingE Keyphasor Probe2%H & =Ct.

M0
O

x
1]
2
$0
Q

Roller Passage Frequency (Roller £t F=1t=%=)

Element Passage Frequency & .

~

Rolling Element Bearing (Antifriction Bearing) (& 24 HIOZ
3EEC StE2 Xdotld OtEsS ZAs ol ot 8 24A=(Rollers L
Balls)2 Y= HOH.

Rolling elements (& 24)
=9| 3™ G52 Kol 28 24 HHE 2 SZS(UIH RollersLt Balls).

Rolloff
HE Hs d= (82 0Igote) IS JIE228 ME9

A

Z0o| M (Attenuation)E 1t
2. [M2tM Low-Pass Filter= &<
=2

ZML0M HZD <

S SAHY0 UL, High-Pass Filter= ot FOH=0A
RolloffE€ M36tES AHE N UL, 2E Octaved dBZ LIEFHCE.
ROMIS
Rotating Machinery Information Systems and Servicel < 0{. Bently Nevada
o ROMIS N3E2= sl &2 2SS 28 RS, 3& Engineers ell)
22 FES2 28 VS, & Engineers el SIHEIH HEZIISHA M=
J|l & (Periodic)Z Al &H|I = (Monitoring Systems)2t &I &t J[D|

=
EICH &, Overall g, Trends,

Steady—-State Dynamic Data, Transient

o

(Diagnostic  Instruments/System)0| I

Performance®t ZtedE Ha-=2 Az,



Dynamic Data. ROMIS= HE&HJ|

S0l Hs& L.

FAL EH|, &gt 2 HIAE ZH| 12l Service

[]U

Root Mean Square (RMS) (& &XI)

z2t9(Instantaneous) =S MS8 UEQ FES A=H BZS UH Ms2 &
gt. &ES EFZUCER MBECL ; RMS= 0.707xPeak(Sine &Y Z<L0oHet 2

Ch. (0.707 = 1/v2). Amplitude &=,

Rotating Frequency (3I& ZF1It<)
RPMe & UEtlEsE 3IdFo 25

Rotor, Rigid/Flexible (Z&/EtH Rotor)
2S5 28 BalancingE 228 = 22X =@ FASZO OHZLE XN EHA =
COAM SIEAIHAE Rotorel HECZ =SHE0 EXE EX &= Rotorg 24
Rotoretotl) Z4& Rotore H2E BHEAIDIXN %= RotorE EHA Rotoret stCH
Rotor Position Angle (Rotor Xl )
Rotor 3l™ &g et SFE, HEY SAMES Sicte 229 Fd(LEtEo
2, =% JHAMds =Z24d)) HoE SHEN 5 SHES AZote & A0IQ
2, o™ DI Ao HIZAA Preload EME Jt2l2 W AMSECH 24U
Rotor/HI01& System2l oA M (Stability)2 Jteldl= 242 OfLICH.  Attitude Angle
ax,

Rotor Vibration Region (Rotor & & &
PSS

(o2}
75 24 HOHEsS XZAtotsll HEote A2z, HIOHE Housing BH&Jl £
cc

Bently Nevada REBAM System= O0l&, Rotor £i&= Rolling Element Z&22 0l
St =Q(Principal) It 822 &3 ds= ZEGHD W HOHES Zegez 2l
st =+ 428 Hdt= Low-Pass It HEl dEH2=z 0 Flslie =
O IMETOl 1/481(1/4X)2H U =3™ =552 3UHNLKAIOIC.

RPM Spectral Map
&ls Spectra O Rpm= LtEHH Spectral Map.

Rub
Ots, &2 2 System2 24 HIIE sttol= JIAHS &M DEMIF 8Fdle=
EHE=z A2tst J|H D&,

Runout
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Electrical Runoutldt Mechanical Runout & Z.

Runout Compensation (Runout 2 4&})

Runoutfl Al 2= 22Xt0l CHolA B&8D] &2 Signal2 dXEez2 £=&Hol= A
Nulling &ZX.
S AAkKKAKAkKAkAkKAkKAAkAkAkhkhkhkkkhkk
Sampling (MZ&l)
otg2] AsE 0ldt Hol Mo Hof wetole 2.
Sampling Frequency (ME& BlE, =& HIE)
1x=2H0 A Es oy &2 =+
Sampling Interval (ME2& 2t =& 2+A)
2002 EHIOIHE A0S ZDF AlZE.
Sampling Rate (MZ2 HIE8)
Digital Al X2l Ol&0l Dynamic Dataldt SamplingEle HIE L= BIZ(S Al

2+S Samplell ).
Scale Factor
o™ J1AHS & SEANIID| fotd Signal2 =0l AU =0 0F ot=

= &5
H==(Factor) 8t HED| YA BsEE EH Hae

J
to
4
P
S

JlZ= E0 010 THold 100 = 1 0lae] ATZE QAE S50 BN /Us 1

el 2 A2 0IR0ZA System. BS2 24 4L ZEID JUCH  AMOI=E

Qe B4 2HE 2= 1 AFZHZA 0l4S6te A0l ES0IC. He =Y

SN MOIZLHE MEBole dR0le 1 IgisSrs 582 S22 Y, ©
p = =

Seismic Transducer
HE SXHo BUHd=sS =&dol= s BHED. IEEAH S dE8F2=2
JIAHISl HousingllLt =52 Z2UASS =EotH, [MetA Seismic, 52 24
(Inertial) Bi&td|2t) S2IC.



Self-Balancing Device (X2 B& ZJ| &XI)

A EHYO HIE NSHOZ Eacls EAl.
Self-Induced Vibration, Self-Excited Vibration (Xted &=

HIESHEC HIUXIIE O H2 WRUHA, 8s&0l &2
Sensing Element (& AXH)

Q0| GIFIO Cloh S50 £ ASE LM WMEI|S 24,
Sensitive Axis (=2=)

HE HED|J 2 2dEE 2= YE

)

st =9 BH3lE. Scale Factor &=,

H

Sensitivity (2
2o HH
Sensor

e SelHe 2SS, 2L, KES)2 MIIHQ AUS2 HEAIse HX.

40

Service Speed (A8 &%)

Rotordt ZZo S| A} C= 22 OlfM 3IXE 3& &<,

Shaft Centre Line (& SA&lA)

S 22 JZe 0l s Bd HE0l U0 JtZ}MS M, Rotorl ME =4
AOIE Sl Ad. = S8d2 Rotorlll D& d22ZM, 320 &= &0[ Ot
LICt.

Shaft Centerline Plot (& =ald &8)
A2 X H FHElE ZAIDE, HIHE Clearance LHOIAISl BtE RSO Z A9 BF =
AN A0 2st BTAEY = HESE MEHQ HE.
Shaft Current (& &8 &)
Bearing? H™RAEL O 2 =49 HA0 2o ZMs 8x%., dRI s2H
Bearing & 2| Etchingdt 2 &0l &=A=2 A O2IC},
Shaft Rotative speed (53| & =&)
OH =2t0l 50| ™ol Fx==2 M, U} 2 &
&t Radians Per SecondZ EAIEZJIE SCHOOH AEA =ANA). 100rpmS

10 Radians Per SecondOICt. ; (100rom=1007x/30 Radians Per Second
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Shear Wave (& CHI})



Shock (2)
8 X, &% L= IS 2R SIotd, AN AEHQ S&H HIE 23|
= WEHO WA = DA 28 AR, ®HSHOF Hel 18 F=I|2 HlnolA 2

Shock Pulse
Rolling Element Bearing? Z&2 2&dl= &8, JIH SE=2 )| ot Jis
CHO NRFUI+E 0|=8HCt.

Shutdown(Danger) Alarm(Z8 XI/I& & &

)
Mol 2XE FolloF ole AE AEHE LIEtWE ZAl Systeme =& gt2 21

Sideband (=CH1t)

B Hc2l(Modulation Process)0l 2ot CIE FItx 42 SHO 22 2HAS=Z
=0l FIMES(HE =9 Gear Mesh Frequency FHU U= & F=0OH4=2 =M
o).

)
b 810l Signalel dZZ otz 28 Z2Adle R E=
A g 22220

=
=
SHe UEHUA Zdots A= Za

Signal Attenuation (A& 24
T2t A2 B35 g
2AMeE JlAHe s =2

s XD O

ML

Signal Conditioner
Signal& BI&tAI2101 A5t Signal Source@ XAl HII AOIOI =0 XI= JIDI.
ol : 2raDI(Attenuators), SEI|(Preamplifiers), ZEH(Filters), &5 ©
Converters) (VoltsE M 82 =& AnalogueE Digital2 HtREs 2SS

S U2 2092 daiAl2|lE), 02l WIS (Filters).

~

Signal Gain (&g 015
4 dBE UEIWHE 8 ds AJ|9 EIHER2 2Z24A). E£8 FM Tape Recorder &
2 HIJINA Full Scale HRANK H2 MIE ASE ZSIHAIII=0 ARGt SZE9
o] o]

f. Ol 2XH& == O 2, 5, 102 HAHZ =0 AL

o m

Signal Processing (dl& Xel)
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S8 Y 22N HEANEH=E IS 2LotH, G 20
A sin(wt+y) GII0A, v @ S8, t @ S8 BHa A XE, o @ 2 S,
e

Slip Frequency
SJIE5S(Ns)2F Rotor & &==9 XIJb Slip Frequency(Fs). Fs = As — RPM,
Ns = 120F. /P

Slow Roll Speed

EHEZS SOC22HO S&H 2= SHDynamic Motion Effects))t SAIE £
48t = Qe H

=
AS AEo g L. =9 =ZS(Bow)lt Runout &8 =&
& Slow Roll Speed= 1XF @A A ZAICl 10% OFeH Ol Ct.
Smax /S(p—p)max
SO =AIXIE A2t H28t Orbite EZAXNZEH =HS =MWXIZS Smaxch
ol HIA/AXNZEH LAZE ZHLQ ZWUXIE S(p-p)maxet L.
Snubber (AUHH)
B0 NFAEC A € Mot st8Ae 2H(BE2 Ns8z)s SIHA2I=d
MEZE EX. =g 0t S&80|9 <2

Soft Bearing Balancing Machine, Above Resonance Balancing Machine (&X

Eg d¥
AEDI)
KNXI2-RotorHle DRAUSF=ELU =2 ME EEE = BE A
Spall (=)
Rolling Element Bearing® Race =& Rolling ElementlilAd E0HM U= 3%
Chip &£ = Flake. Spalling® W2 &6t 243510l ZSHOIN, F&XCl HHE

M= TE0 2=0HHigh Frequency)l &Z =2 Prime Spike €% &S Signal
%

O ZIIE HEEOZM EAZE £ UL

Specific Unbalance (Hl 2% ¥)
24 Rotorlll U_HAM HE 2ZEO IAJIE Rotor &2z L= &, 0|H2 Rotor
dak ZAO = SAHAMOZEHO XA 20



Spectra

Spectrum?l =

Spectral Map

AE &= Spectrum O OHE HE(EE Al2F &

rr

rom)Ql 3XtE 8.
Spectrum
20| Signal?l XMEMN FIt==2 LHEFYH 2.
Spectrum Display Unit(Spectrum Analyzer)
s XEY) O &8s FU(X)E XYTEZ ZAIGtE AHDIl. 0 EAl &4
=0tz SpectrumOletl] otH, & Hard CopyE & = U= Plotter Outputset

H CRTAM UEIUHEZE DI JACH. 2l Computer Interface Connections2
2| & &L,

X
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ol
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Spectrum Plot

X s=2 s FI+E, Y52 ds A== UHEtWeE XY &H.

Spherical Wave (& 1})
mE 90l sS4 7

|'D
10
HU
0
Q
$0
rr
=
O

Spike Energy
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