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Abstract

This paper presents a practical procedures to detect the
failure of the outer race of roller element bearings used in
gear type hydraulic pumps by using vibration analysis and

crack growth propagation tests were performed to set up the
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measurement interval. Two frequency ranges were used to
trend and analyse the vibration data. A broad band frequency
range of 20 - 30,000 Hz was used to evaluate the appearance
of any structural resonance. A lower frequency range of 0.5 -
400 Hz was used to monitor ball pass fault frequencies.
Accelerometer is stud and magnetic moﬁrited. The results
clearly indicate that in the broad band frequency, the spectra
show a significant change in amplitude and characteristic shape
when bearing is failed. The increase in the amplitude could be
attributed to three major peaks appearing in the spectra (in the
frequency band of 7-9 kHz, 15-18 kHz and 24-27 kHz). The
linear measurement in the lower frequency range did not show
any significant change to indicate with confidence that the
when

bearing was beginning to fail. signal

1FTF

However,
conditioning (demodutated) is used, the present of

(Fundamental train frequency) and 1GMF (Gear mesh
frequency) side band at +1FTF can be used to support that the
bearing is failed. After the bearing outer race start to bfail it can
still remain is service for a further 22 % of bearing life (260
hours). So it is very important that the period scheduled
between measurements should be not more than a total of 130

operating hours.
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wisamwiu 9 vaaniasdnsiinuuldsuwladlunndy v
'm’m‘hiqaumw (Unbalance) mnﬁmgué (Misalignment) va3
gatuuasgadaingiay MIMAIVARBUNWNG  (Mechanical
jooseness) PDOM SnIaemMUEMNYBAAIBIINIAN TN
Amnzaussnalwiiaysslpmilasasy 2 Ysznas fs ewnsam
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winmldmus:miGuuanfitavesuys (12) %m"num:mnh;a
a:tﬁmﬂwauﬁu‘%nmﬁmaa%udm'luuu‘éa winduaIuans
nuﬂummuaquusﬂﬂ‘eunownunsmuaan’lwmﬂ'ﬂnu fin
Wudszum 10-20 % vaamqmﬂﬁnwaauma [16) M9
HnTEBLANYUIALE Nt 3193 svad AuLd aznszduliifia
resonance %uﬁu%ﬁédwaouu‘%m‘%a‘[ﬂﬂas'ﬂqﬁuu‘%'aﬁm?aad
milEmadia high frequency resonance domodulation (HFRD)
w3o envelope demodulation mumsnsmammmnmmnm
aan ua:dwé’tyty'\mmmﬁgo‘lﬂmms demodulate  Wndauan
nanuananvaauyde Aaztaslumydemeilainein (13,
15) amalsAaunTIauuy Linear fg9a WA 20-20,000 Hz
ua:ﬁ5tyqnmsumu'lm:uus';1ﬁmmmuanamwuamu‘%ﬂﬁ
[21] Ball pass frequency (BPF) fAwiufiessninanuuialu
Frmudlitin 2,000 Hz MwBoitansildlagganansue
vas 3 anad upudge HATIULREHARNITBINTIAAI
{19] Harmonic B8y BPF 1utm‘§dmmmgn modulate ey FTF
(Fundamental train frequency) ﬂ%mau'\.ummqumm%umu‘lﬁ
WRTNITLi @ resonance tﬁﬂmnmsgnns:sjuhu mass
unbalance W38 misalignment e (29} lun3l% FET (Fast Fourier
Transform) \ugﬂvaﬂmuummﬁ \'ﬁaﬁ'\-ﬁagamaﬁmmﬁhu
domuBoudsuiiudsfisinun dasnnamusudousans
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msmvxuanaumsamnsnm'mmdﬂ maipuifiouae
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(Elastohydrodynamic Lubrication) . ﬁmaaau-‘r’imswmﬁu
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30,000 Hz 0.5 - 400 Hz uuuialaoass (linear) UAs 0.5 - 400
Hz Talaon13iul Jady oy Envelope demodulation nnd
§QAM High pass # 5,000 Hz WaemMTIanImuawiimIdang
AIIRANUHIAI9FININALIURZWIMAN ﬁaunwﬁ‘qmamn’%a
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m'éunmmﬂiﬂwaom‘%‘aﬁnﬁia‘\jd. waarnuuiiGuiie
myinge neseulasmssnnzisiuas Tasmugulianmgfives
xf’nﬁ'u'laam?mag’lw&'n'lna'tﬁmﬁuiayaﬁwaemﬂinuﬁa 60
- 75 "C  unzevnmevammuuiadesn nruzets 30 af
naaau'lﬂauuu‘%'mﬁﬂmﬁ’l;a fmiiefuiinmnarassesuan
Huemmefisfiuns washuidsunnuaasnnuiuRuivzwing
ywesaBuANuaTiImIuA TR onnzyE Fnmmesauiuil

laasefinduam 3 ya Aadudmouunds 12 an

2.3 anudinitasnuuduaniloandiof

WeaRsinuiuasliinfadygrafiiennmruusui
ﬁummr‘nmwmtwmgmﬁwi'lmuﬁwaaxﬁauﬁuﬁfu U
wiFIUuY  Anti-friction tﬁatﬁan‘nina%uﬁ%ud’zuﬂ'mlwae
wids Faleneudaeuaundn 4 amdie 7alu (Inner race)
THUBN (Outer race) lﬁﬁuu‘édﬂ?agnngd (Ball or roller) uazga
e R (Cage)mamu‘%'a u.u‘%'auuuﬁtﬂatﬁamﬁqﬂﬁuaﬂﬁ
fdiannufiosates 5 anwd [19] Ae

1) Rotating unit frequency or speed (S)

2) Fundamental train frequency (FTF)

3) Ball pass frequency of the outer race (BPFO)

'4) Ball pass frequency of the inner race (BPFI)

5) Two time ball spin frequency (2XBSF)

FTF = —;- w,(l—i;?—g) +wo,(1+B"—1c,j§2) M
BPFO = %(a)i — @y 1- *Ii‘-’-;;do—%) @)
BPFI = %’_’—(a)i —w, 1+ ~}'!—;i'—lfj:i‘c’—‘é) @
BSF = 22’(} (0, —@,)(1- ﬂf_j;_fﬁ) (4)
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