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TUJUAN

Mampu memahami tentang predictive maintenance
dengan metode vibrasi.

Mampu mengetahui kerusakan yang ada di Bearing
Low Pressure Boiler Feed Pump (LP BFP).

Mengetahui maintenance yang dilakukan terhadap
Bearing Low Pressure Boiler Feed Pump (LP BFP).



PREDICTIVE

MAINTENANCE

PROSES

ANALISA VIBRASI THERMOGRAPHY ULTRASONIC INSPEKSI VISUAL TRIBOLOGY

PARAMETER
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ANALISA VIBRASI

Analisa vibrasi digunakan untuk menentukan kondisi
operasi dari mesin dimana dalam metode ini dapat

mendiagnosa terjadinya kelainan atau kerusakan pada
mesin atau peralatan.
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THERMOGRAPHY

Thermography merupakan teknik perawatan prediktif
yang menggunakan metode instrumentasi yang
dirancang untuk memonitor emisi energi inframerah
yang dikeluarkan oleh peralatan untuk menentukan
kondisinya.



PROSES PARAMETER

Proses monitoring parameter yang mencakup semua
peralatan dan sistem yang berkaitan dengan proses di
pabrik.
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ULTRASONIC

Pengujian ultrasonic merupakan metode untuk
mengetahui kondisi operasi dari suatu peralatan dan
material dengan menggunakan energi suara
berfrekuensi tinggi sekitar 20 — 100 kHz.
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INSPEKSI VISUAL

Inspeksi visual terhadap mesin secara teratur
merupakan bagian dari program perawatan
prediktif.Dalam banyak hal,inspeksi visual akan dapat
mendeteksi masalah yang mungkin terlewatkan
dideteksi oleh metoda perawatan prediktif lainnya.
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TRIBOLOGY

Tribology merupakan istilah umum yang
berhubungan dengan rancangan dan dinamika operasi
dari mesin yang mempunyai proses pelumasan.
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PENYEBAB VIBRASI

Kavitasi

Gelembung yang timbul dan mengalir ke daerah
tekanan tinggi yang nantinya akan pecah dan
mengakibatkan shock pada dinding pompa
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RECIRCULATING

Jika pompa mempunyai tekanan suction terlalu
tinggi,hal ini akan menyebabkan tertariknya fluida
yang keluar kembali pada pompa.Tekanan isap yang
tinggi selalu berhubungan dengan berkurangnya laju

aliran/kapasitas ini adalah akibat terbesar dari
recirculating.
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HYDRAULIC IMBALANCE

Hydraulic  imbalance  adalah  sesuatu yang
menggambarkan adanya pengaruh fluida.



INTERACTION WITH VOLUTE/DIFFUSER

pompa tidak beroperasi pada kapasitas yang sesuai,
kemudian fluida berinteraksi dengan diffusion vanes
atau volute eye pada sudut yang tidak tepat.
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MISALIGNMENT

Misalignment yang terjadi antara poros pompa dengan
poros penggeraknya dapat menimbulkan getaran.
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IMBALANCE IMPELLER

Imbalance dapat menimbulkan turbulance dan
cavitation,permulaan  kerusakan bearing yang
menyebabkan kebocoran pada seals pompa.
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IMPELLER INSTABILLITY

Terlalu dekatnya jarak antara impeller dengan wear
rings atau guaide bearings akan cenderung menaikkan
frekuensi kritis dari system.
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BENT SHAFT

Bent shaft terjadi dari misalignment,pipe stress,atau
konstruksi yang jelek.



PIPE STRESS

Jika pipe stress terlalu berlebihan,khususnya jika
pompa mengalami loose atau mempunyai soft foot

akan dapat menimbulkan misalignment antara pompa
dengan motor penggerak.
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ANTI FRICTION BEARING

Kesalahan dalam pemasangan bearing dapat
menyebabkan vibrasi yang berlebihan.
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SLEEVE BEARING

Sleeve bearings adalah kemungkinan masalah
kestabilan cairan pada poros didalam bearing



RESONANCE

Resonance terjadi saat tekanan frekuensi berdekatan
dengan system frekuensi pribadi,dan dapat
menyebabkan kenaikan amplitude yang tinggi yang
mana dapat mengakibatkan masalah besar.



LOOSENESS

Looseness mempunyai frekuensi harmonik 1*RPM
(2*RPM atau 3*RPM frekuensi atau mungkin lebih
besar dari 1*RPM).Looseness murni kebanyakan
mempunyai frekuensi order ganjil (3*RPM,5*RPM,dan
seterusnya).
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CSI 2130



MAGNETIC HOLDER



PEMASANGAN SENSOR ARAH
HORIZONTAL



PEMASANGAN SENSOR ARAH
VERTIKAL



PEMASANGAN SENSOR ARAH
AKSIAL



MOH MIH PIH POH
MOV MIV  PIV POV
MIA POA

Keterangan :

POV : Pompa Outboard Vertikal
POH : Pompa Outboard Horizontal
POA : Pompa Outboard Aksial

PIV : Pompa Inboard Vertikal
PIH : Pompa Inboard Horizontal
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AMPLITUDO DECRIPTORS



HASIL DATA
PIH = 4,00 mm/s
PIV = 2,89 mm/s
POH = 4,68 mm/s
POV = 3,20 mm/s

POA = 2,03 mm/s




Peak-to-peak

Besaran ini bisa dihubungkan dengan besarnya
tegangan maksimum yang terjadi atau dihubungkan
dengan celah (clearance) yang terjadi antara elemen
rotasi dengan rumahnya.Harga peak-to-peak yaitu
jarak dari puncak ke lembah dari data spectrum
getaran.Pengukuran ini biasa digunakan pada
frekuensi kurang dari 10 Hz dan menggunakan
tranducer displacement.

Zero-to-peak

Nilai Zero-to-peak bisa didapatkan dari setengah peak-
to-peak (A) atau juga bisa didapat dengan mengukur
puncak dari spectrum.Pengukurannya dengan
menggunakan tranducer velocity.
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Root Mean Square (RMS)

Diartikan sebagai nilai statistik rata - rata dari
amplitudo yang dihasilkan oleh getaran mesin.Nilai
RMS 0,707 dari peak (A).RMS sering dipakai pada
frekuensi tinggi karena pengukuran ini dirasa lebih
akurat dan tepat dengan menggunakan tranducer
acceleration.
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POROS SHAFT YANG MENGALAMI
KERUSAKAN



PASAK PATAH



BEARING YANG MENGALAMI
KERUSAKAN



SETELAH PERBAIKAN
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BL-1-LOW PRESSURE BFP-1C
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HASIL DATA SETELAH PERBAIKAN

* PIH = 3,21 mm/s
e PIV = 1,77 mm/s
* POH = 1,92 mm/s
°* POV = 1,27 mm/s

* POA =1,60 mm/s



KESIMPULAN

Ternyata kegagalan terjadi akibat patahnya pasak
penyangga antara shaft dengan impeller yang
mengakibatkan pendistribusian beban tidak merata
dan merusak bearing dan komponen lainnya.
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D. OVERHUNG ROTOR
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ancesshe whan am| ckannces.
INSTABILITY (40,48 X RPM) OlVATb i i ion whm ks el apei
conditioes (attkude angle and ecoantricly ratho) ckse ol wedgo fo ‘push’
X shah sound withn bearing.  Ceetabikzing force in divection of rofation
l RADIAL rauls in 0 whie (o oowards pracasion). O Whif & wratabie sines It
incrosses cenlrifugsl dorces which norase whirl forces, Cancause of to no
longer suppart shaft and can become Lnstebio whan whirl Fequoncy

coincides wih o rotor natural frequency.  Changos in ol vecosty. lube
preagwe and adomal prokcads can aflect il whid,

C. OIL WHIP QI Yihp may oocr if machne aperled af or abave 2X rofor crikcal
Y frecuency. When rotoe brought up 1o tice crtical speed, whit wil be very
INSTABILITY i 8 rolorcrtical ancl iy CAuan e ion beation Bl o fim sy 1

Jonger bo capabia of supporting, Weirl spead wil aciuidy otk ol retee
ctcal el i piak wil el pasa thicuah L aven I michine & Breught 1o
highar and highar speads.  Produces & luwral forward precessonal
subhamanis vioration atrotar el fecuaancy, Inhéraedly unstabia which
can kadtocaaliophic ke
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ROLLING ELEMENT
BEARINGS DOMANT FALURE SCENARIO
UMD e

TNEL i O | TIRAL Q) EAERY

REGY | (AR
Soppan e ! ;

l al
BEARNG DLPECT TEGUENCES g 7
- B STAGE? | 5 - l.s'gm
m-eﬁ(u_::mo)-m Ill lh_»_ﬂ_
w':t["@f)zm“']'m STAGE 4 : g
m-‘l(ﬁ?;m“)lw Lh ] % T L
e LU AL L
%:mmm mﬁn | /"
o :mammnc A MANDN ik iy
N, « Wortoe ol By o ooy FALD. TAEN G
B, = Sel R Do 0 o ) l AAVICAVILY
P, » Bowrty P kvl (noerve) MUULLLL) ATt
0+ Coract ogh fgnen

A ROLLING ELEMENT BEARING FAILURE STAGES

STAGE 1: Eafist ndeasons of banring probiams appbir in ulrson
boquenciea ranging fom aboul 250,000 - 350,000 Hz, later, & wear
reroases, waualy diops fo appraimataly 20,000 - 80,000 Ha (1,200,000 -
3,600,000 CPM). Thase am frequancies evaluakd by Sphe Endegy (GSE),
HFD[g) and Shock Pubia (08). Forexnmple, spha ancegy may fratappearat
about .25 gSE in Staga 1 (actual vaue deparcing on moasurement locabion
and mochin spacc). Acquirng high fequercy emveloped spectin confrme
whether ornotbearing is in Farhue Stage 1.

STAGE 2: Sligt bawring dulects begn 10 ‘ring’ besdieg compenant il
Touinciia 1) which pedonmnantly cecur in 3K - 120K CPM ranga, Swch
nahral froquencios may also be rozanances of bearng support structures,
Sideband hoquencies appear abave and below natural requency poak ot
us\dedSwz. Qverall spibe ensegy grows {lor example, from 25 fo 50
9ok

STAGE 3 Bowring dabket fraquances and hamancs appsdr, Whan woa
progreases, mos dubict bequancy hamoncs appear and numbar of
sidabands grow, both wound these and  bearing compenant  natural
oquanckas, Oweal spike endrgy cantnues fo incrase (lor aampk, fom
5% ovor 1 9SE). Woar 15 now usually vwaibk and may axdend throughout
pariphery of bearing, paricularly when many well formed sklabands
sccompany bearng dedect frequency harmonios. Migh frequency
demodulated and emveloped spectra help contrm Siage M. Replace
boarings nowf (indopenddent of bearing dedect frequency ampiiudes in
vibration spectra)

STAGE 4: Towmrcts 1w and, amphtich of 1X RPM b st ofleclnd. 0 groms,
v nomaly causes gremeh of misy raneing sposd hamonics. Discrit
bawg dakct and companant natul fquancies actualy begh 1o
"daappoar’ and are feplacod by random, broackand high Yequincy ok
foor'. Inaddtion, amplhudes of both high bequency roe foor and spia
nrgy may In fact decroase; but st prioe %0 falurg, spike aneegy and HFD
wil usualy growto exceszhe \

% COPYRIGHT 1996 - TECHNICAL ASSOCIATES OF CHARLOTTE, PC. R-08%44
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PROBLEM TYPICAL
SOURCE SPECTRUM

7V

REMARKS

AERODYNAMIC FORCES

A, BLADE PASS &
VANE PASS

HYDRAULIC AND EFF = # BLADES X AFM T

XA

BeF DEBANS.

1X

i

RANDOM
VERATION

1X BPF

B. FLOW
TURBULENCE

BPF « BLADE OR
VANE PASS

RANDOM HIGH
FREQ. VIBRATION

Bﬁ,-—/\_\
120K

X
JLLM CPM

C. CAVITATION

Bode Pass Freguency (BFF] « No. of Blades for anes) X AFM. This
fecuancy & inhaent n pumes s and compeessars. and nomally does not
preserk & problkm.  Howewe, l0xe avpliude BPF and hamanics) can be
Ganarned i pump il gan bemwean roang winkd and stationary aifusars & not
S Al the mivy rgund. Al BPF fae hiemorc) S0 s cin coincide wih
Ay nkeal Irecqusncy Casing highvibnation. High BPF can be gamseted
Fimpalnr wear ring sedus on shalk, o 1| weids bamning dihuser vanes fni
Aba, high BPF can be cauead by sbrupt bends in pips (or duct), otsttustions
which deturb fow dampaer sattings or # pump or fan rofor i postioned
eccentricaly wihin housng

Flow Turbulence oten occurs In blowers due 10 vanatiors n pressuse o
weooty of the alr passing theu e tan or connecied ductsork.  Ths Sow
deruption couses turbulence which wil genesate random, low equency
vhration, typscaly in the range of 50 % 2000 CPM. I surging cocurs wihin o
compresscr, random broadoand high fequancy wbason can cocur Excessive
rbuence can also o te broadoand high frequency.

Covtaton nomally ganerates mndom, highar froquency mwoactand
erargy which & sometimes supermpaaed wih bhoe pass Mequancy
menics.  Normally nckcaka PsUTcint scson predsuns iaeasan)
Cavitation cAn b quie desteuctive 1 pump ey £l uncorecied 1 ¢an
Aty sode mpader e When peeset, 1 ol sounds we | gravel &
passing thru pump, Carvintion s usualy caumed by imsuficient inket flow Can
QGO cunng ore sunary. and be abesnt s neot sureey | i charges insucton
valve satings are mads)

GEARS §
A, NORMAL =
SPECTRUM “I

Nomit Spectrum shows Gaar & Pinion Spesds, Mong wil Game Mash
Fraquency [GMF) and weey small CMF hurmorscs. GMF barmanes cameenly
wil harew rorning speed scwbanck miound them A1 pewis ww of low
i, ancino rediesl quences of gusns s eocited £, recommnded sl
J2SX GVF {minmun) mhan & testh ara known. IHoathcount & nat known, st
F oo 1 200X FPM 00 ach ahat.

B. TOOTH WEAR

B

W

325X QW

Kay Indicator of Toot Wear & exciation of Gear Natwal Freguency (L), along
wih sdebancs around £ spaced at the running spesd of the bad gear. Ges
Meah Fraguency (GMF) may ce may not chang In ampliude, aithough igh
AR 6 DN an numter of S bandi surmounding GV usaly ccour
when we 5 nobceable. Skisbands may be batter sear ndicator than GMF
frequences themseives.  Aso, high ampitudes commanly ocour ot ether
SXOMF ot SXGMF (ap. IXCMF), avan whien GV ampituck B scosptabie,




C. TOOTH LOAD

Goar Mash Froquencies are ofien very sensive to ood. High GMF amginudes
@0 nat necessardy Indeate o problem. parsoulody I sideband frequencies
semain law favel and no gear natunal frequencies ane excied  Each Analysis
shouid ba parfarmid with syaiem at mamum openating loed for meanngfu
apectnlcomparsons

D. GEAR ECCENTRICITY
AND BACKLASH

326X GMF

Fairly high ampltude sidetands around GV harmanios often suggest gear
eccantriciy, backiasn, o non-pam el shals which aow T rotaticn of ane gear
30 oduie’ wthee tha GVF snpitude e the running Speed of th cthe: geat
The gear with the pr L] by the sgacng of the
equancies Ao, 1% RFM level of eccentric gear Wil normaly be high
eccentriciy & the dominant problom. Improper backiash nommally exctes GVF
turrrenics and Ganr Nutursl Fraquency, both of which wil be sidebandec st 1X
mwm-itmmmnmmunmmsn
pro

E. GEAR 3
MISALIGNMENT Eg

Gesr Mzalgnment aimost ahways mcies second order or hghee GMF
harmonics which nm sdebanded al rurring speed. Often wil show only smal
WM“GWMMMMM!ZXO’&XW mporam oset
high srcugh 1o caplume wl kst 3 GV h Ao, sicwbarch d
2XONE Wil ohier b spmonct at 2X APM. Notw that sickband ampiudes ahso am
ot el on left and right side of GMF wnct GAF Femanics cus % the tooth
mealgnmeact Causes uneven wear patiern

F. CRACKED/BROKEN
TOOTH

A Crachad of Srckan Tooth wil gendrate & high arpltude at 1XRPM of this gear
only N Te_tme wavelaim. plus & owil ecle gear natural fraquerey (1)
soebanded at i running speedt  is best datected In Time Wavelorm which
wil show a pronounced sphke every ime the protiem tooth ries 10 mesh with
toath on the mating geat Tima between impacts
A)moonuomd\ouwalp.rmmnmum Ampitudes of mpact
Enkes in Tima Wirssfoem oftan wil be 10X 50 20X fegher than that & 1XFPM in
tha FFT!

G. GEAR ASSEMBLY

Gear Assembly Fhose Freq (GA®F) can resub in Fracsonal Gear Mesh
Froquercies §f N,>1). It ierally means (T, WN,) gear taeth wil contact (TN,
pmmnwﬂlm&mrmmmmumm
hion aqua s the prochact of 0N 10 the number of teeth
on the gesr ana pion IN mumowmrmn GAPF for harmonics)
can show up 1ight from the baginning # there wee probleTs
ANzo, ts sudden appesrance N o penodc survey spectrum can indcate
CRMAQN il CONRMINGLS PaITicks pias mamun fesuling in damage
e St i rriseah it o tieron o ingaationn [uad i thary et s e rssshieg or
that gears have been recnerted

H. HUNTING TOOTH %

phase factor N gear desgn
¥ 000
o A =252 = 149 COM [Ore Pudse Por 7 Pinon Revokons)

T=1X7

g
- ‘4 = (OMIN,
R i e £ i o
1000 #5T AP &
L] Ny = 1 /2 tha idoal assambly

Hunting Tooth Frequency (1) cocurs whan fauls are present on both the gear
and pirson which might haves cocumed durng the manuinctunng proosss, dus
0 meranding or in the fed. It can cause quite high vieabon, tut sincs 1t
QCOW'S at low Yeguencies predominately less than 600 TP, s ohen missed.
A goar sat wih this 100th repeat probiem nomaty emis a “growling® sound from
the dive.  The maximum effect cocurs when the faulty pinon and gear toath
DO anter Mesh at thia S the (00 Soma drives, this My cocwr anly 1 of @sery
1010 20 reviuticns, depending on the {, formui), Noos thee T, and T
reder 00 number of teeth on the gear and pinon. respectively. N, is the Assambly
Phiwse Facior defined stoww. Wil chen moduie Eoth GV wnd Gear FPM
peaks

Page 3 of §
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REMARKS

Exceszve Clomnnce of beanngs suppostng he gears can not only excile
many mnnhwnd hamnonics, but wll oftan cowsa high ampltude
response ul 2GMF anclior 3GMF  Thees high GMF amptiudes se
actually @ rRIPONSE %0, and not the cause of, lbcsansas within the
supmmhm Such excessive cieamnce can be caused efther

Me baaring woar or by improper bearing 8t onto the joumal during
-mhmn Ledt uncorrected. & can cause excessive gear wear and camage
10 OINGY COMPONANts.

Simor problems generate Migh whrabion at 2X Iine frequency [2F ). Sator
ecoenircty produces uneven sinborary air gap between rotar and sialor
which prochuces wery direcsonal vibraticn.  Difforantal Air Gap should not
S0 5% for induchon motors s 109 for saynehranous motoes. Soft oot
and warped bases can procduce an ecoening stalor.  Loocse ron 5 due %o
siator support weakness or baseness. Shored stator laminatiors can
cRUe uneven, lcewized heating which can cislon the statar isell  Ths
produces Permally-induced viombon which can signficantly grow weh
oparating time causing ssator distortion and static ak gop problams.

Eccentno Rolors produce a rotasng vanable air gap betwoen the rotor and
atator which induces pulsating vitwasen (reomally batween 2F, and closest
running speed harmonic). O%en requines “zoom” spectrum % separale 2F,
and running spead harmanic. Ecoantric rotors genasate 2F, surrounded by
Pole Pass foquoncy sadebands (F,), o3 weoll as F, sikdebands arcund running
spead. F, appears kso¥ at low frequency (Pole Pass Froquency = Slip
Frequency X #Pokes). Comman values of F, range from about 20 90 120 CPM
10.3-2 DHz). Sof oot ar misabgnmaent oflen incuces s varable air gap due o
dewrtion (actua ly a mechanoal problem: not eloctnoal).

PROBLEM TYPICAL
SOURCE SPECTRUM
GEARS (CONTINUED) £
. LOOSE BEARING FIT g% e
= 2GMF
GMNF
AC INDUCTION MOTORS o
A. STATOR ECCENTRICITY,
SHORTED LAMINATIONS | ™% .
OR LOOSE IRON i ,,1 .
1_4 28K Gt
B. ECCENTRIC ROTOR -
(Variable Air Gap) e
= Elegtrical Line Freg RADIAL oF,
= Synch. Speed = 120F, L Fa SIDEBANDS
s-s Freq. = N,= FEM P al ARQUND 2F
e Pass Frag < F X P
P = #Poles 2 TP
C. ROTOR PROBLEMS Mo ORISR

Py SICEDANVDS ANOUMD DFEN . SPTED MANMORICS

"
e oo

B

1600 UNE FFT
FEEF o PO TOR BA PAGE FRG0 » Panis X e
| AOBRANSE G0N0 REFF MG Ch XX RRPY

Broken or Crackod rotor bars or shorting nngs; bad joints batween rotor bars
and sherting rngs; or shorted rotor minssons wil prodkucs Mgh 1X unning
spoed vioraton with pole pass frequency sdebancs (F.). In addtion, these
problers will oten genemie F, sidebands sround the secand, third, fourth
and $ith running speed harmoncs. Looes or open rotor bars sre indicwled by
2X Ine ¥eq. (2F ) sidebands surrounding Rolor Bar Pass Froquency (RBPF)
and/'or i3 hammonscs (RBPF = Number of Bars X APM), Ofen wil cause high
lvals ot 2X REFF, with only @ amall ampiitude at 1X REPF. Ekcvicaly

=~ RBPF 2x% RSP induced arcing batweon ooss rotor B and end rings wil oten shew high
Pf |I| I fovels at 2X REPF (with 2F, sdebands); but Mike or mo ncrease in ampltucos

st SXAEPF.

eGP

PHASI Phasing problems due 10 loose or broken connectom can Cause oxoIssve
D. NG PROBLEM AAOAL vibeation at 2X Lina Froq. {2F ) which will harve sidebands around it spaced at
(LOO.. com‘.ao’) AT, SOLIANDS 12 Line Frog. |13 F ). Levels at 2F, can exceed 1.0 in'seo if ieft unconected.
™ g R ARCUND 2F, This & particularly a problom i the defective connector & only sporachoally
] l l making cortact, Locss ar Droken conrcion must be epdined © pravent

culasirophic taikee




.

A A A A A A A L A A A A A A A AN DD
e e

o 2% APM
.——-ﬁ

7\1
Loowa stalor cork n syrchronous motars wil generate farly high whraton ot
AC SYNCHRONOUS 1600 LNE FET 2:,”"’25:‘ ""‘T&"ﬁ,mﬁm%@n“w
=8 i Poie}. The Coil Pss Frequency wil be sumounded
MOTORS ik pcly by 1XRPM sidubands, Smwmmompnuonmym:ﬂndw
(Loose Stator Coils) hy X APM wnqh ampliude poaks ot appra, 60,000 40 60,000 COM, aocompanied by
Fi HEBANDS 2F, aldabiects, Tako al it e spectium up to 90 £00 CPM on sach metor
wngmmg
" ! Many D Motor and Contral Problems can be calncied by vibilion slyss
conoss D me—— e
x - L =&, | Wi marrs
CONTROLS ; s gecorale 3X Lno Frog. (3 =180 Hz«10200 CPM). The SCA fring
A. NORMAL SPECTRUM L Fraquency s nomaly prosantin s OC Molor Spectrum, but st kew smpiiude,
: Notothe absenca of othe poaks at mutipksof F .
B e o e S e s g
* W
WINDINGS, GROUNDING|*{ Fea Eectical Convol Sysem. Proper hning ne can ower woraton  SCA
PROBLEMS OR FAULTY 1: l TR ety o e . g s
" v . N
SYSTEM TUNING L paak 1 XSGR andabout, 04 v at2 X SCA Frg Fre
c_ FAUL" ﬂnl"e CARD Wheer ane Tring cand Sis 1o fow, than 103 of pewer & kat, and can cluse
ropealed momenta In the motcr. The can lead %o h
OR BLOWN FUSE < R 1AM SCR Py (ISKSCR g = 1KF ol

wawe sctifed, but 2XF, forafullwava ractified SCR),

Caution: Card/SCA confguration sheuld be known batore troubkeshoating
motee (#SCRY, IFiring Curds, ec. ).

D. FAULTY SCR, SHORTED

Fauky SCRs, Shemod Comol Cards andior Loose Coerections can
gernrale nolcestle ampiude pesks ot many combnalors of ine

— 1M FFEM | e X FPW | D 1X P
p— X AP
—
. &
e T
— A5
—
=3
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CPM. A 100K CPM spectrum with 1600 nes is recommended for detection
With maauremants ce both he OB and 18 DC melor bedrings

CONTROL CARD, LOOSE b froquency {F,) and SCA frng fequarcy. Nomaly, ¢ bad SCR can cavse
CONNECTIONS AND/OR high levels ot F, anclior 8, 8 SCRmotors, The point to be made is that

BLOWN FUSE rwiftwe F 3F, AF e SF, ahoukd bo pressetin DC Molar spactra
E. FAULTY COMPARITOR SOBBOS LNELYEouk, Faully Camparhor Cards oaues prablém wih RPM uctuatien of Yunting',
CARD g 10 8PEED VANATIONS This causas o constant colupsing and segenersting of the magnetic feld,
200 UINE BPECTALM y Theze sidobands often approximane the P Huctuation and require a high
X |’°’”“’° waokson FFT 1o even datect tham, Such sidebands could akio be dus %

1 gernration and mgenseion of the magneds feld,
. | rauced flutrg 5 nomaly detecied of gkererce
FASOAGE TRV o | 3 g s b b sk
PASSAGE THRU DC % {BRF0, even  such futng & present on bot the ouler and nner roces,
MOTOR BEARINGS I§ @% Il Thay meit eflan ahow up in @ Mnge centarad at abaut 100,600 1a 150,000
14K CPY
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RACIAL IN UNE
WITH BELTS

FITCH DIAM, X FPM, = ATCH DM, X FPM,

R ——
PROBLEM TYPICAL
SOURCE SPECTRUM REMARKS
BELT DRIVE PROBLEMS OELTFREQ = 1342 XUALEY Ao X ATCH DA
A. WORN, LOOSE OR TINING DELT FREQ. = BELT FREQ. X #BELT TEETH

= PULLEY NPM X #PULLEY TEETH

Balt beguancies am befow the APM of athar the motor o the deven maching,
Whaeh thay 4 worn, kess o meamaiched, By romvaly cise 3 to 4
midtigher ol bk fraquency. Otn 2X bell g, i the domnan pesk.
Amphtudes are normally ursieady, somalmes pubsing with aither drrr ot
driven APM. On timing et cikves, woar or pulley misaignment & indeated
by high ampiuces of the Timing Bek Froquency. Chain drives wil Indoate
protieme at Chaen Poss Frequancy whohequals #Epeackat Teoth X AP,

B. BELT/PULLEY
MISALIGNMENT

it

ANAL ek DAMEA OR DAVEN

Maalgnment of puliey precuces high wbtien af 1X AFM mecoesinantly o
Ihe axin! cirmction. The it of wmptucies of chiver 1o civen RPN depends on
wheee e cala & Ineen, a5 wel a3 on ristive mass and frame stitness. Oten
with puliey misadgnmant, the higheet aal vibration on the motorwel be atdan
RPM, or vice versa. Can be confirmed by phase meaauraments by soting
Phase Fitar at APM of puky with highest axéal empituda; then comgans
phasaat this particusar fraquency on aech rote in the axiel direction

C. ECCENTRIC PULLEYS

RACWAL

1X APM EDCENTRIC PULLEY

Eecnntric pulys chuss high viteson ot 1 RPM of the sccestre pubey. The
nerpliuge & noemaly Mighest in line with the belts, and shculd show up on
both driver and driven bearings, | is sometmes possble to boance
ocoontng pulioys by attaching washers to faper lock bolts, However, even f
balanced, the ecoentricity wil sl induce viteaion and swersibie tigue
strosaea in tha balt. Pulky cocantrioty can b contmed by phase analysis
thowing herizontel & vortical phase difarances of naary & or 180",

e

D. BELT RESONANCE

)

RADWAL 1XAPW

|

EELT RESONANCE

Belt Rosonance can cause high amphudes £ the bok natura Foquency
shouki happen 10 approach, or concido wih, ather tho mator or driven FPM.
Balt natural ¥ecancy can ke aharad Ly changing aithar 1 bak sansion, balt
Nngth or craas section. Can bo cutectod by laraicning and ihin releasing
bt whin missuring the Meparss on pulleys of beaings, However, whan
opeesing, bek natural fquancies wil Sand %o be sighty bigher on $e tght
sidoand krwer anthe slack side




BEAT VIBRATION

BEAT FRECUENCY |} o
GENERATED BY ;
TWO FREQUENCES

10 CUTOF PHASE

ABOVE 1\/

|

Foy

~ -

MAXMUM VIERATION CCOURS
WHEN 2 FREGUENCES AaL
INPHASE

A Bent Frequency is the resul of wo cosaly specad bequencies gang nia
and ot of synchronzaticn with ane another.  The wideband spectrum
normally wil show one poak pulsating up and down. Whan you zoom nko
ths peak flower specum balow), T aztualy shows two closdly spaced
peaks. Tha difarance in thise wo paaka (F,-F,| s tha baat becuancy Which
appaars itsel in the wideband spectrum.  The beat fequency & not
commonly S0 in rorval fequency MAge medsunmants since it i
moﬂyb-mnqmnmwm“ywshm

Maxomum vibrason wil resut when the bme wawelorm of one requenay (F,)
comes into phise with the wavelarm of the cther begaancy (F3). Minmum
vibrason occurs whan wirvedorms of these twe frequencies ino up 180° out of

PLLEATNG
AMPLITUCES

P 7 p - F 40 ?

WEDEBAND SPECTALM

Fy Fy

.1 A = BEAT FREQUENCY
r 200M SPECTALM

SOFT FOOT, SPRUNG
FOOT AND FOOT-RELATED
RESONANCE

RADIAL
1 XFPM Tyl

1

™

“Soft Foot" pocurs whan a maching's look of ¥amae defects greatly when o
holg-down bot & loosaned to hand tightness. causing e foct 1o fse more
1han apgecnimately 002 - 003 inch. This does not avays Causd o great
vibesan increan. Howevr, it can do 5o if the ok foal affects wignemnt o
makar s gap cancantricly,

Foot* con cause great frame distonion, resdtng in increased

VDSoN, forse aed 3trasa in the frass, bearing housing, ¢lc. This can occw
whee i haldown bol it farosably Yorgued down an the sgrung focl inan
weampt 1o evel the foal,
Yoot-Aelsded Resonance’ can cause dramatic ampliude cinases from
BX %0 16X or more, o5 compared weth $hat when the bolt Jor combination of
boks) &5 lcozened 1 hand tightness.  When tght, ths bok can notably
change e natural roquency of the fcot or macking fame tselt

Soft Feot, Sprung Foot or FeotReakd Rascrance most clen atocts
vibeson wl 1X RPM. bt can slso do a0 al 2X APM, X APM, 2X Ine
freguency, binde pass kequency, eic  (particularly Fool-Aeinted
Pescrance)
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