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MASS UNBALANCE

A. FORCE UNBALANCE

Force(Static) Unbalance = S =
X

Bearing Ol A ®I&2

AHO| D OFRIE

1X RADIAL S AL 2R s N2S ST HT 0| U6t AISECH
1xRPM RS2 atAF Z[H5I0, SA 288 Spectrum 0ICH. 0] 2882 Rotor
S2H 40 1 20l otLE2] Balance Weight B2 F 2 £ = MAHECZEMN nAE
4 QUL
B. COUPLE UNBALANCE Couple Unbalance = S2=2| 2 Bearing Ol A fI42 180° FAHOICH. 1xRPM
1X RADIAL A= a4 ZT6IH S4 LA Spectrum 01T XZS =04 59| HZ 0|
HIZIGHO! BH3HEHCH. B2 S0l A] 220 OFLI2H = YEHAM ST AS0| =L
Z|Aet 2 HOI Al Balance Weight £ €£0F WASHCH 180° RIA X = =2 8HSH0 A
e S0 OfL|gh &3S0 A & Z X5 OF SHCY.
C. OVERHUNG ROTOR Overhung Rotor Unbalance = = 2&F & Bt 2tk DS HA =2 1 xXRPM
UNBALANCE Q = NES UOIICH BHHEYEIO| A gt UXGIX| U BHH =20l g
s&ol AsF0| QJUCH. Overhung Rotor = Force & Couple Unbalance 252
1X AXIAL = X It UL, ° i
& RADIAL
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ECCENTRIC ROTOR z H A2 Sheave, Gear, Bearing, Motor Armature S2| J|ot&ts S& &
E = SIMBAO RG2S M EMSCH = SS 20l Rotor & S&2 0|2
x 9 HSOZ HARZO 1xRPM OlA ZMSICH =8 & 2SS0 2[4 g2 S4&
g 0° = 180° XH0IJF HCH (MZ2JF &Y 2E 252 UEHHCH A Rotor
» Balance ot 8t& &&f0] =2 2 AolLt CHE FQo| BtY gt As2 SIIsHCh
T RADIAL (A et Ts)
BENT SHAFT 1% Bent Shaft ¢! 2= S22 S0l =10 s JHUHA S f/4&Xt=E 180°
Ei_ HAMOZ Tl= HE0| UL, RS S22 S4 = SAR20| & E=R=
AXIAL - @ 1xRPM Ol /2L, Coupling 20| & 2= 2xRPM 0l JUCt. (Transducer =
X O 20| EY wEoR AXIEHH
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MISALIGNMENT

A. ANGULAR
MISALIGNMENT

1X2x%

AXIAL
3ax

gts

=

=
=]

nio

0

Angular Misalignment 2] S&2 1x & 2xRPM 2F0HA =2 =SS

IHXIH, #a2 Coupllng%IIuEM 18 AOICH O2iL 1%, 2%
3xRPM & L HO0IEX RG22 S4& U= LOIC 0l24st 25!5
Coupling Ol THIX*OI Q= S & LIEHW = 240 C.

My

B. PARALLEL
MISALIGNMENT

1X

2X

RADIAL

X

Parallel Misalignment = && & &&= Angular Misalignment 2t S ASHLE =2
BrAESIo] Ms2 JHAIM, 1422 Coupling = XILFHA 180° SA0 &2
Ix B 2x S0 EE M =2U, 1 22 Coupling &4 & 200 Tt }
Ct=2Ct. Angular &&= Parallel Misalignment JF &6t 2L =2 Harmonics
(4x ~8x)0IM EE= JIHAC 0|2 AlOfl LIEILIE 240F 20| 3ol & D51
Harmonics lA =& X Z0| &M EHCEH Misalignment JF &1 2612 Coupling
FZ0l el Spectrum 2 220l A &S 0| &ICH

C. MISALIGNED BEARING
COCKED ON SHAFT

2 ‘PHASE
AXIAL 1 200
3x 2 300

3 800

4 t1:00

Cocked Bearing 2 &4st S2at M2 222 £ JA20, Twist Motion 0l 2| ol
=2 Bearing Housing 2l E2t&foz =6 Al & &2 2401 H2l 180°
XHOIDJF /UL Coupling Alig L} Rotor Balance & 2XIJt ol Z &l X| &=L,

nment Lt r
Bearing S F 2ot SHIZH & XIoHOF SHC}.
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MECHANICAL LOOSENESS
JIHE o222 O 20| A, B, CEEWDI QUL
RADIAL Type A = Machine Feet, Base Plate L£= J|=2 2 X292 0|2/ F 20l 2610,
1X Grouting 2 B1& & Base 0l Al Hold Down Bolt 2| Ol 20l 2I6+0 £ &t Base 2
Frame 2| HIE& (= Soft Foot)0ll 2l15t0 &Ql0l T JUALH. A4a 2AHAS lEH
Machine Foot, Base Plate & Base OlAl =&2&toz =& 2 A X= 180°0

OIEL.

Type B = Pillowblock Bolt 2| 0|2 % Frame Structure Lt Bearing Pedestal 2|

olu

X RADIAL 220 /5101 212101 &1 ACH
- .\\ Type C = Rotor 2FH &0l 2ol & Harmonics £ €27|1= 32 88 E
» %(’ TYPE B = Ol 2o S&F LMUECEH Type C = Bearing Cap A2l Liner 012, Dt& 8t
o - Bearing 2| 2t= &= Shaft 01|A-I ©f Impeller Ol 201l 2o & Q10| &I D<= 8Tt
u 1 ’/ Type C 2l 2I&2 &F 20A6t, SEXI0ICH S0l OIS Al OHCH I © St
TYPE C @ JIAE o222 YEH0l AL, B Bearing Housing Ol Al BH2 2180 2 30°0+3
E N ’—“.’é* XL HHAE fIaXtE &S5l 2 3ts JtACh T8 JIAHF ol22 1/2

ol 2
= 1/3xRPM &2 Subharmonics & & A4 stC}.

r&"
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ROTOR RUB
RADIAL » Rotor Rub = 2/ & A2t DX I EFE M JIHE Ol210 S ASH Spectra E
TRUNCATED N BUEC. AU OIS =2 380 S2ER0 U0l By gerol Flless
Eo6J_ = otl > g;%a == 9r Rotor 15T
FLATTENED 09| X0 et 3l ™= <2 Subharmonics (1/2, 1/3, 4, -+ 1/n)0l
WAVEFORM 2UTDIE SO Fotor Aub = B DFI+ WSS PN + AL, Aub o)
=1} Bearing Babbitt 2t2] =0 2t A0I2t™H HHE| 2ot 2 IS0t
%’ SrAHEr &~ QX0 =1 Seal 2| &= Agitator Blade 2F Tank H1t2l & £ =
Coupling Guard 2 Shaft 2| 2=0| A2 = & & 26iCt.
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SLEEVE BEARINGS

A. WEAR/CLEARANCE Sleeve Bearing 0| OI2& Z0ll= oé,* 2842 Harmonics(10~10xRPM)0I
PROBLEMS RADIAL 9 ABHCH Wiped Sleeve Bearing @1 2= S EUat ZIZ0f| HI5H0 4 X&)
HEQl =Ch UEs 2t=22 JH& Sleeve Bearing 2 &2 278 &
Misalignment Ol & E & 2t=201 LB 2 &s2 L2210

—

12 ol
o
Ha

B. OIL WHIRL Oil Whirl 2 0.42~0.48xRPM Ol Al 2445t H=&= CHESl & 26tCH. Bearing
INSTABILITY (-42 - 48 X RPM) 2320 50%E Z=USHH ME s RS0 LMSCEH Ol Whirl 2 8Is2 d2d|=
ROUOCZ AN HAAME & (Attitude Angle Bt HAE)2| Bi5tZ 2laH Oil Wedge =
Bearing W0l A %% QUHCH gAgstoz 20tAE & R0 Whirl(EEs
RADIAL Precession)0| 2421CH. Whirl 2 Whirl Force & SJHAI21& A8 2 SIHAID|D]
o 2&dxcz 01 ’éSP Ct. Whirl 2 2201 o 0l& =2 X AKXGHK &=
otOd, S8t Whirl Frequency Jt Rotor 2| 7Tt 2t 2 X &
Ol 3%, 2 & 2 & Ol Preload o Hat= Oil Whirl ol &

[w

C. OIL WHIP INSTABILITY |  poron erxeo R Oil Whip 21 It 2 82 Rotor 2HIEELE O Ol&tliM S 1) 24
Ol WISAL JOMWWE s Aswenwews | Rotor O 2 81O LSS0 CHEERLS [ Whirl Ik Rotor & )
scomng0amne | JEDLRIXIOY, 9401 Cf 014 Rotor 8 XIXIE 4 942 HEo| BE

(L

| 222ICt. Whirl Speed = A M2 Rotor YHEEE “NEEX

s e JIHONHS 552 XctE 0l Peak = SHEEE NIUXIX E=C.
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ROLLING ELEMENT BEARINGS
4 Failure Phases DOMINANT FAILURE SCENARIO Rolling Element Bearing 2| &4t 4 &
onEp IoNtc  IowEd

1, » Natural Frequencies ol

instatied Baanng
Comaonants

BEARING DEFECT
FREOUENGIES:

pery - Ny (|.&cas o)-m

W » ..;i( _‘lccsn).nw

38 *P l @l_) Kas® ].-m
e .%(1_::

Wheve!

N, 5 Humnoet of Balg or Raliery

8, = Ba'FRoker Darvecer in oy mm)
P, = Beanng Pach Dumern bn of mmy)
3 = Carzact Angle 1degrees)

[ote} ] O) o R

BEARWG DEFFECT BEAMNG COMPON.  SPIXX

T0WEA oaEQ AEGNOW  [RATURAL FREQ; ENEAGY
ALCION
[»]
e
» STAGE 1 s
-x s
1§ 1
11 % —
B R
STAGE 2 FE L Ll
8 o FREQ
i ;l; h
TA =
OS GE 3 _ E
-~ i z
e W
SE B -!l
TR R R IR ,,A
i e
STAGE « LarfOFCAEASES
RANDGM HICH {7 arnnsr
FREQ. VIBRATION 1 MM’
“l Vv 1 ATO0

= CHEF 20,000~60,000Hz

Bearing @ H&2 =& L=

(1,2000,000~3,600,000cpm) &<l =St F0t==0lM LIEHACH OIS

Energy (gSE), HFD(g) & Shock Pulse(dB)2 78t F=It+=S0ICt. 0O
Energy = 1 SHINAE 2 0.25gSE OllAl IS LIEFLCH (A A 22
JIH=S0 et CH20H

2 A - Z0l8t Bearing 2l 282 =2 0.5k ~ 2kHz &</ 0l A

S| Dm0t S20AM AIXSCH SO ==
2 ':U1| Il01|A-| DR F1p2= Peak 2f 0l2af & OIGHOI Al LEEHHCE.

=30

=X
—| o

HFAH & |.

B

-\o-‘-

= Spike
A Spike
[X] &

earing

(Sideband Frequencies)=
Spike Energy =

ZIHeHCE. (Ol0ll A 0.25~0.5gSE DHXI)

3 A : Bearing & 28 FUt== ¥ Harmonics Jt LIEFLCH DF20F S0totH 28
Z1t== Harmonics ot = & LIEILILD, SO0 22 2 Bearing 2R =0t
232 DE0A O 20| SILEHCH Splke Energy & H =00 SOFSHCE (00 A
0.5~1.00SE) Sol & gd& =0im =4I} Bearing ES.: Z1t== Harmonics €
Uter [ OI2= S4& o422 2 = UM, Bearing =X & &stCE Of M
Bearing 2 W HMISHCH

4 9H Ot e s 1 xRPM & =0] LIEFHCH 01X 8&6HH S4 (A2

3l M=5 Harmonics 2 & &010| EICH. O0lAHA Ol Bearing 2810 82 1R
S FUS2 AHE M| AIEGHH, E736t0, 2UHY 2l D314 Noise
Floor”2 HFRACH L& D312l Noise Floor 2+ Spike Energy & M Z2 &AM
2 AGHA B &=A XXM Spike Energy = S4& &8t M=oz SIS
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HYDRAULIC AND AERODYNAMIC FORCES

A. BLADE PASS & VANE BPF = # BLADES X APM
PASS 1
2BPF
B8PF
1X
2x
B. FLOW TURBULENCE /""‘NDOM B8PF = BLADE OR
X BPF VANE PASS
1 1 FREQUENCY.
C. CABITATION 'RANDOM HIGH
FREQ. VIBRATION
BPF "
1X
W o
CPM

Blade Pass Frequency(BPF) = Blade &= x RPM.

Ol Z=I4== Pump, Fan & 2=010) LHXGHD /ASO, 4 2MESZ UK
=0 el & A Vane o DA XIQ! Diffuser 2t2| Gap Ol 8 HMIHl 2 A
ZH KX OHEH 2 XZQ| BPF(E = Harmonics)= Pump LHOIA A gl
#=UCH BPF(&E = Harmonics)E LAISS 229|= AIAES NRAS Fit4=2
2 UL, == BPF = Pipe & & A &, HEE d2I|= HUHE £ =

AL
T -/ =
ump Lt Fan Rotor Jt Housing LHHIA HAZIH XS 3 ZdE = UL

LS = Fan OILt Duct £ Sitote SJ12 &8 L= 5L BHatZ ol
Blower LHOIA &85t SHCH. S82 E0lle =2A8E01D, MEXoz
0.83~33.33Hz & 72 M=l ASS d2J|= =72 &el0] =0

Cavitation 2 E4& 2 2& 0|1, 2= Blade Pass Frequency Harmonics 2t
E

SHE=E BO =2 L2 209 Energy £ 2 ST, Cavitation 2 S4f
EE2ct Y o4HS LIEHHH, REGHA €10 =0SH Pump W8 229
XNEEO =242 = 5 AL
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GEARS
A. NORMAL SPECTRUM - RADIAL-SPUA GMF= CLAR MEN H&X Ol Spectrum 2 1%, 2xRPM & Gear Mesh Frequency(GMF)O0ICt.
3 § AXALHELCAL FREQ. UPNO2 GMF = 1 F20 sl @& 2 =0 IH(Sideband Frequency)E JH&ICH
x o GMF ' DE Peak E2 22 FE0|1D [T Gear 2 DRAE FM4E XX
1R= lesotaand | or )
I 1 Lome | FEL
B. TOOTH WEAR GMF= # TEETH X RPM e cnman | 0122 0I2 AZE Gear ol DRIE FIS & LI Gear O SIBAE 2202
GMF bovhy U =[O =20 LA = 200I0H HIZ DI 0F A28 s S4 GMF
5 \ 281 f. FA0 =2 FZEO| ST FUH4IF MG GMF = ZZ0| B35 6101 < 6t
/ d0 i BSIGHK 201 & 80 GMF XtHIZCHs SO =040t 02 HEZ Ots 20
A | W pba Ll ze ®LoI0.
C. TOOTH LOAD GMF GMF = S50l CHEHS| Q128 MOt QUTH S&l SO 04 =20 &, o[ &
Gear 18 NS FONHEE JIAGX L0 22 GMF AES 202 a2
LIt gt 242 2 U2F £5t0IA System HO 2 8T 0f0F 8L}
' 1
11 | A

D. GEAR ECCENTRICITY
AND BACKLASH

GMF =9/2| =2 &
2

SHECE HEIAIZOS Gear 2| B4, Backlash L= S8 20| UASS
LIEFHCEH, S2HEZS JHK= Gear= SO I =142 220l Qo A= LIEFL&ICH
S M A S Backlash = GMF 2F Gear 17 ASFI=2 JINAIZ|D 0|2

h
1xXRPM Ol SCHIIOF RJACH. Backlash It 2Xe! <= GMF &=Z2 F06t
H=2 24 otJ1& Stot.

P
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F. CRACKED/BROKEN ZZ = HE 0IZ2 0] Gear 2l 1xRPM UM =2 =S ZAAIDIN,
] A = — =
TOOTH = o L“:\!'““ EIBﬁEOH/\-I ZUIE JHX = Gear RS FIt== (fn)E It /\Ii[] &
= OIX 2 Time Waveform Ol A Jt& & &5 =0 Time Waveform 2 =X 2
= =t tt—rio— 0120l &fCH Gear 2| Ol Z& & [HOICH 22a 8t Spike € LIEFHICEH
) A A A A o o o ST AT
] . OF GEAR WiTH BROKEN Impacts(A)2t2l Al2te 2HI2l Gear 2 1/5 =00 && 80t Time Waveform 0l A
x A- OR CRACKSD TOOTH Impact Spikes 2| &Z2 FFT 0lA 1xGear RPM 2 AZECH 24 =L
G. HUNTING TOOTH a Hunting Tooth Frequency(fyr)= S S8E = F2 FF2I0 2ot0 2d& =
PROBLEMS = g 33 l"TF%'.E!"—, Gear 9} Pinion 49| 282 AE5H=0 S5 R25I0. 0122 =2 sSS
wEd  F caslonod | 2IOTINY 10HZ 01519 XS FI0IA F2 a5| HEY S5 1R
- 9%8 € HRICH 019t 22 02O Br= ol 2HE I Gear Set & 257 =02 2Ef
& F|F o A8 A0t ST FHU = &4 E Pinion I Gear 2 0/ 0| EAIOH
11 L RSN LYSC (RE FSINUAME fyr 200 THetA O 10~20 &I ™Al OHCH
gtel 2lBHCE) Teearn ® Tenion 2 Gear 2 Pinion 2 0| #0112, Na = FOH&
Olo] T80 Het RSt X8 AEHEM, 2t Gear & 010 ZEXQ 405
Se2d It 20
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ELECTRICAL PROBLEMS
A. STATOR £ INE FREQ Stator 0ff 2HMIII U2 2xHE FI=(2F )0l A 7&%OI 2 MSHCE. Stator
ECCENTRICITY RADIAL L. ‘L PV A2 Rotor 2 Stator 2+2) Statlonary Air Gap 0| 2HA45H0, CHEHS| EHaER ol
SHORTED LAMINATIONS 2F, 3400 =SS LMEIHCH AirGap & Xte 8& ESII0ME 5%, S| 8SI|0A=
AND LOOSE IRON 't 4 5 10%S EEPGHH = CtEIlt. Soft Foot ¥ Wraped Bases = ¥ & Stator Jt
CIAHIStCH. EA O 0|22 Stator A XITH2 | For o Q| 2H0fl 20N MH21CH HAO0|
A HetoH 2720t =280 JtE0| Mot == A & == AL 0 S0l
12K CPW Olgt Ml=s2 2™ AIZE 0l ek AYadl SItstlt.
B. ECCENTRIC ROTOR H Al Rotor = Rotor 2+ Stator 2t & &JHH 220 M4 AS(E4 2F
(Variable Air Gap) RADIAL SIMEE DXOIAIONS YOI, HA Rotor Sl&™ET =20l Pole Pass
F = Ll 2 = =
F. = Etectrical Line Freq, 2F, Frequency(Fp) =THIH &0 OtLI2t Fp SCHINON S2fMrel 2F S LS Fp =
N, = Syncn. Speed = 1B, £, SIDEBANDS MU=l AA2 LHEFHCH (Pole Pass Frequency = Slip Frequency x
F, = Stio Freq. = N, - APM g 1X ¢ AROUND 2 F. Pole 4=). Fp 2 LBIXOI k2 U2 0.3~2.0Hz (20~120CPM)O0I| Ct.
F=PolcPassFroq=F xXp e
P = # Poles
125 CPM

C. ROTOR PROBLEMS

1} .4
2%

Fy QCEBANTS ARDUMNC 1X X IR

uh_mm

2, ROEDANSS AMOURD AP

RBPF ppoc. apton pan
sag$ FALD
- JMIW

o4& £ = & Rotor Bar L} &S, Rotor Bar 2 &Het&t
Rotor &0 Het2 Fp E DFII‘: EES 1xRPM &2 222!
Rotor Bar = 3x, 4x & 5xRPM o DX =20l Fp SUHIIE L AStCH Rotor
Bar 2 0|22 Rotor Bar Pass Frequency(RBPF)ﬂ 3 BN
= OoF LIEFLCH (RBPF = Bar @ &= x RPM) 0] &
&0 2XRBPF A2 AZ2 =2 Z201 UL

{0 R J
[
XE'

1
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D. PHASING PROBLEM

(Loose Connector)

RADIAL

/3 F. SIDEBANDS
AROUND 2F,

& =20 o8t &2 (Phasing Problems)Jt QL™ 2F Ol A

£ 92| 2F 2 O =210l 1/3F. SUIE Jt&CH =F0| tETH=Z
2FLHMS RIZE2 25.4mm/sec € =1 & = UCH &

2 E&4 0 FIE0IKN £2H 0|22 S0l 2

12 o
Jad 4n o A
™ rr
M <=

e
|0 12

E. SYNCHRONOUS

=J| Motor 0l M Stator Coil 0] 012tZl ™ Coil Pass Frequency (CPF = Stator

MOTORS CON. PASS FREC. Coil 2 x RPM)0IA =2 XS0| ZMBHC}H (Stator Coil 2 = Pole 2 x
. " “1X PPM Coil &=/Pole). CPF = 1xRPM ESUIIZ SHMAH UL
(Loose Stator Coils) ”x SIDEBANGS
'l
F. DC MOTOR SCR (Silicon Controlled Rectifier) Firing Frequency (6F )2t DX &Z0|
PROBLEMS HAEC =20 DC Motor 0l 2XMIE0| JASO0| THEHECH 013 SHMESUH =
8F_ « SCR FIANG FREQ HHE Field Winding, =2 &8t SCR 2 5% 0| ULt Ol = EHE Fuse
"” 2 St=tE Control Card € E&ol= U2 SME =2 1 x~5x% Line Frequency

A oI}
T AN .

(60~300Hz) 0N £ &=
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BELT DRIVE PROBLEM

S

A. WORN, LOOSE OR
MISMATCHED BELTS

a %
F l S

3.142 x Pully RPM x Pitch%] 7
Belt 4 o]

Timing Belt =0t=~ = Belt =Tt x Belt Q! Y=

= Pulley RPM x 3 Pulley %=~

Belt ZIt&== Motor £= ESJ| RPM 2L} &L Belt JF D2 ol2tel D &=
O] 2o BF Belt U2 3~4 Hi ot LMSHCEH 2xBelt TMFAJP s
Peak &1 A<Dt & A=E2 E2E dHGIA 210 2= 230U S|

RPM 22 &IS3tJI& 8Lt Timing Belt Drive 0l A OF2LE Pulley

Belt =0t =

WITH BELTS Misalignment = Timing Belt ZIot4x=0A =2 &Z0| LIEFLCE.
B. BELT/SHEAVE S XHJF Misalignment & & S2t&F0 2 {xRPM A D& S0 2MEHCE J|
MISALIGNMENT AXIAL IXORVERORDRIVEN | oo\ 0o e RPM O A S &I ANCER Ol 228 9 Frame 24 % 0F
otLlet &= A2 JF Fol & 0l ek CH=CE. & X2l Misalignment Al Motor Ol A

OFFK"DE"EO" ANGLE I =st NS2 Fan RPM OIA Qe ZAR0F &0

SET 10
C. ECENTRIC SHEAVES RADIAL 1X RPM ECCENTRIC SHEAVE Ha L= E08E X 1XRPMUIA =2 AsSsS LO2I0 &Z2 Belt Ol

Has LS A IS =1, 2SIIU 5SJ| Bearing HIA 25 LIEFLIOF SHCE.

| B 2
Taperlock Bolt 0l Washer € £0F H4& & X2 Balance & == UCE. eiLt
Balance JF EllolE HAR2 A& AssS 22910 BeltOll= J1< LIESH0| 0t
QICt.




ZHe 2 HEY A Ol Spectrum H| ni
D. BELT RESONANCE AADIAL X RPM Belt Resonance = Belt D& &S X|It==Jt Motor Lt 2SI RPM Off E 25t H UL
L A AUXIGIH DXE2 YO £ T} Belt DRAS =4 Belt QEO|L} 20|12
BELT RESONANCE HEOf IR AIZ & QITH 0|22 &Rt Bearing A IS S92 =X510A
oxo Belt2 S| 20020 & £ QUL
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BEAT VIBRATION
TWO FREQUENCIES TWO FREQUENCIES Beat =It== 2 M2 JINIE 2422 I8 W2 SZCACHE X HA
180 OUT OF PHASE } ‘ IN PHASE 421 Z20[Ct. Wideband Spectrum 2 EDJ OotLIS) Peak It &S = ASol=
TWO SMPLE ¥ AE 2 2= UL 0] Peak E Zoom 2 H (Lower Spectrum) 2 JHS| JItE
:g?"oovg%r 2HHS JIE Peak E AMZ £ 4= QL 0l 2 Peak 2 XHF,—F;)It Wideband
DIFFERENT Spectrum Ol A AA2 LIEILLES Beat FIH4:0IC}. Beat Toi4= 2EMO2
FREQUENCY FOH=(2F 0.083~1.667Hz)017| (20 HAXNQl =04 HAgHAHE=E dEtEHOZ
F, ANDF, 2 = AL
2 =2 6FLES F=1H=(F) 2 Time Waveform 0] CHE F1IH=(F,) 2 2 X & Y
LML = A S22 01 2 )i =12 Waveform 0] 180° ®IAXIIF /U2 [
2X 2K ] gt AH S}
(F, + Fan (F, - F) 2 A SHCE.
BEAT FREQUENCY 'N
GENERATZD BY
TWO FPEQUENCIES ' SN SATING
ABOVE AMPLITUDES
——]
FywF, - L
mit | 15 WIDEBAND SPECTRUM
F
MININUM VIBRATION —— MAXIMUM VIBRATICN OCCURS — 4 = BEAT FREQUENTY
CCCURS \WHEN 2 WHEN 2 FREQUENGIES ARE
FAECUENCIES ARE IN PHASE ZOOM SPECTRUM

180" CUT OF PRASE




