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Fig. 1 Schematic of a bearing-housing system with a local-

ized fault
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with a localized fault

4 HERERSSH

WA S F, S 2kN Gy FU7 D Y
Bl 1) 5% 7 NG oA 1800 r/min (W38 BHEF D5 D) o $2 X
B 1 AN [RGB 1 2 A0 iR 3455 2547 X e oy
I S SR O VAR R U S SRS I e T & DN |
R B AR Bl A5 5 D 2 A3 T Sl 9 TR o i T
ARBC AR IR S5 5

4.1 BB

TR T ST 0 R T A A SO KA
PR T A5 Y 345 1Y 1 8 b R 0 DR A 4R e 1 5 SBR[ 17 )
AT FS A HEAT X LG 3 B & 3 iR . & 3
MORORFR IR o, BT LY 73. 89 rad/s.
P SCHRLL7 IR H 3007 s, DR ZR A i LB 1
AN 74.12 rad/s(w.=0.5(xN,/60) (1—d/d,)) ., 4
RN ARTBEA NGRS R SHERITE T IEZ
] 1 22 5% Ry 0. 31 %0 . 32 B BT 57 19 A5 BR e B AL 1) A5
Rk .



Bam XU S Rl R R AR SRR SRR 15 R R R RS Y DG B 863

R T kD B UE AR R T A A R IE B
PR 0 A% 78 5 A5 A9 LB A R 1 R e A
FRAE 5 A SCERCL7 T8 0 35 2R A5 0 45 SR A7 X Lb 43
B Q& 4 s o B4 e 0 1o s R e o AR
i AE R AE A5 R 30, 53,140 4 F1 219. 7 Hz, %4
AR A8 53 3] 5 38 T SCHR 17 T84 J7 83+ 53 3R A5 1) P9 1
JE 5 45 % 30 Hz(N,, /60) AN i 41 % 141, 55 Hz
((ZN;,/(2X60)) (1 —d/d,)) Fl N B @ T o %
218. 45 Hz((ZN,,/(2X60))(1+d/d, ) #Ei, W
JT 37 A B TR R 1 T A

0.04

3 I MR ORI E R
Fig. 3 Rotation velocity of the cage of the healthy bearing

219.7Hz
140.4 Hz

200 300 400
1/ Hz

P4 P LR Jon R o AR R

Fig. 4 Spectra of the acceleration of point # 1

4.2 HMERKEXMRFEREZEMANZN

WO R L 40 1,3 Ml Smm, R H
H0.2mm, B S5 HMBERENRET 1 5REZ
6] 2 i Sy B B2 . TR 5 (a) B IR TR ACRILE H 2K
fof X A R R P L VR T 5 TR T 22 8] 4 i g ke % 4
RPN 3 208 F 0 F W B L BT 7R 1 %l R 28 i
DX ) v )37 B B S VR 5 VR G 22 (R) A 4 ik 7 3 B 0
AR s BB X 7R 7 55 41 Bl VR G 2 [ 32 fioh 7 1 W L
BB R R 5 VR F 5 TR 18 2 18] 1 422 finh ) fEA4E
JEVII M U Bl % 0% Bl 32 e LR TR TR A BGR 3
fif DX LA B Bl R R 3 51

Bl 5(b) R T £ 1l i i e X I 78
£ 1 5HMEVRIE Z 8] 42 fil 7 5 Jm # ORI . Bl 5(h)
LR T £ 1 AR X R T £ 1 54MER

L=1 mm;

L=3mm; L=5mm

L=0 mm;

5 40 45 50 55

t/
(a) T 55MBVRIE BBk 71

L=1mm; L=3mm; L=5mm

t/s
(b) B () HIFHBKE

(b) Enlarged view of figure 5(a)

H=0.10 mm; — H=0.2 mm; H=0.3 mm

t/

(o) BT#1 55NERIE Al 77
(c) Contact force between the first roller and outer race

F5 BeBAR T+ 1 5 E Z ik ) 1952

Fig. 5 Effect of defect on contact force between the roller

and race

TH 22 R] R B ik 3 B B AR N MR T £ 1T R
HG A BB R T £ 1 5 B R B R f 0k
F/ME, MR F £ 1 58000 K B flwt & 7
£ 15 A1 PE VR G 2 8] 04 B2 filh 7 328 B 1G5 2 R B
L=1 mm B} & £ 1 38 2 i e X sf 119 42 figh g oft
A T8 O 1 S AR PO, B 28 5 1E 5% oR 500 TP 4%
ST, AN 5 (h) F R [ X0 A YRR K L=
3 mmAl 5 mm V8T 5 13 i B DX Sk i 1 422 fk
J ki P TR A 458 3 252 s A ek D R B2 R AR o
HWTE a3 an i 5 () g X3 B #1 C iR . Bl 5
(O, L=3 mm B} X TR F 2 1 54MERIE Z [H
Fe fil O v iy oh o P X3 B MR F 2 1 3 A SRR
DX S5 B 32 fih 7 720 T 0k /0N + 24 R 014 42 ke g il
S o Y MR £ 1 B A AR X
L M E AL EA N O KN HER T #1
I X3 ) TR 300 R A ik 20 R A A ik g oo
W RSt RAE W B IR 7 2 1 SHMEIRIE
Z 1] B fi g 22 2 Ry O KON G IR Sy il e 1 R
BER G 3R 7 o A X LA R T HARTR



864 & h. W

w5 & W

%39 %

THREZRMNEMEE . FHETF£1 SHEZ
(] BT A 2 Ml ) 00 5 XM VR T £ 1 4 kR OK i
T e DX 2 R T 4 ik ) b o R
LR IR . B 5 d L= 5 mm B, & T
1 550 EIVR A Z 8]0 #2 fk 07 v i o 08 X3 C
5 IXER B A2 A0 GO AE L, 34 e 3% 2L AR b OB
3% S AN AR o OB B4y A . &1 5 (b) e, 2k
PR L=3 mm Al 5 mm B 78T & 1 3l fitp X
S0 A I AR 2 ik g o BRI B I C B S
AT RAIA Ry 2 v 1 5% R E5ORN T bR ERCZE 1 A2 A R A
BB . RS B 5(h) SR & T = 1R W SeRE X7
Rl S wp i BOE AR B R FIRF £ 1 3FA
0B JRy S8 SO ek AR A . IR B R
B R DS R VR T IR Z M i SR T
VR i I DX B0 ey O 5 VR A R
DX 35l 5 R ) i AR A Bl K P /N TR AR i DX SR
R AR 3K

B 5 (o) Ryl e R B R 7 £ 1 5 4MBVR I8 Z [h]
e fih Sy sgm . EEGR K L 28 3mm., &l 5(c)
B L R R B VR T 5 A BV G =2 TR 1) % fik
S L T 38 T A7 A 5 R i 5 L v e e R R 7
A TSR DX e 4 fl 7 194 5% o /N T JEREVR 73R ik
I DX 35 2 ik 3 19 52

Pl 6 S 2k far AN BB i BOVHVR F £ 1 5 TRIE Z )
B s, B 6(a) BoR R T # 1 MM E R
2 [B) 42 fih o 1 s AL B AR ) A 2 A A B K I O,
SR A 18] A1 28 Ao X VR T & 1 A0 B TR T 22 1A] $ fik
JIH PTG S M /N s TR £ 1 55 0 oK 3 42 ik g 1
B B (L P 8 A7 385 R T A BT s/ . 181 6 (b)) i (o)
BoR R T £ 1 R R Z 8] 42 fih 7 i 0 {5 B
e R 1 1 R 4 R AR T B R T 2 1
FAI B R T8 2 () 2 i T i BT S AN TR T £ L
L5 i 2 1) 4 fih 7 1) 5 52 I T B P B 4 K
/N

1 AR PR T £ 1 3 2 i X
(A TRD OO0 . 3% 1 s VR - A i e DX 3 17
[ 2q % F Wi B A1 Bl T8 18 ] D 1) 0 (5 JE AR B DAVR
Tl AE VR TE 1w A . R 1 R, SR
A BRCEE A T 3R AT I TR F £ 1 38 3 5 X Sl st i) 1)
15 FLAH 5 R BEE 1153 07 R B BEIS (H Z R AE A
—EZE S, BB R B LB 3 R T S B R Y
At LR R A BR T R R T R i 2% 2 )
TEFEFAVERE kAR TE L 1 BE T B I R H IR &
MsZ . BRI 45 R TR 7 5 W i 4 =[]
F18) 5L 27 fh 7 T Xof VR -3 3 e e DX 3 ) ) i) 2% 7 AR

F=3 kN;

F=4kN

37 38 39 40
t/'s
(a) BATXHE T#15 S BIRIE R 3Efh 77

(a) Effect of load on contact force between the roller and race

Y Y
z Y S\
~ ,J' \ f ’ Yy
K sl 4 K
0.5 F -‘ ;I.“”‘"M
0 1 \ i Aﬁé':"%' ! J
240 245 250 25.5 260 265 270
t/s

b BFHSHMNEREREMS) (F=2kN, N,=3 600 r/min)
(b) Contact force between the first roller and outer race
(F=2kN, N,=3 600 r/min)

< 0.5

1]
20.0 20.5 PAN) 21.5 22.0
t/s
(o) BF#1 545 ERIEREAl ) (F=2kN, N,=5400 r/min)
(c) Contact force between the first roller and outer race
F, 2kN, N, 5400 r/min

[l 6 2 A R P B AR - £ 1 IR IE Z A Ak 0 i s el
Fig. 6 Effects of load and rotational velocity of inner race

on contact force between the roller and race

R FFE T BE X IF A B E X L 4 A
Tab.1 Comparisons of time during the processing of the roll-

er passing over the defect

i bt VR 3 o B DX B 1]/ ms
K& /mm LEYE g fE %5t
1 0.45 0.43 0.02
3 1.45 1.30 0.15
5 2.32 2.16 0.16

— S SR PR IR T 3 e ke e DX 3 ) g 45 A
(19 b R o RS W O 1A T T IR R R
DA i il R i B 12 W 7 vk B ERR A

4.3 HRE K B Xt e k- A B R 5t R B0 Wi B Y 2 )

eI BB L 2350 2 0. 1.3 # Smm. SR
H 0.2 mm, HHp,L=0 mm, I FfiR, &
7 O o R 5 o P R TE R A Bl R IR T
1y J7 1) B9 A SCHR B0k S8 o 7 Ca, O X6 HE 0
Ko 187 SRR R ilR IR T 2 1 IR 3l i i



o4 bl

5 4 < il R -l R R R ST I

IARAIE 5 R AR RS B Tk 865

WL AR TG W B b R VR T £ 1 I IR Bl R 1 R
(B VR T £ 1 e XSt VR 1 14 I 3 in 28 47
e W S 0 ok 0l » EL 32 o 8Dl 1 R M B i B
JE L B e 7 h X ALB 1 C iR,
B 6(h) R, K L=1 mm I & ¥ 21 1)
I 2y Jon s B e 7 A AEAE b R Sy (XK AD i op
i WU A T Ry % S i AR O . 5L S (W) B X A
25 AL, HOE 5 5 1 7% R B R 4 R 42 00T 5 45
TR ZMORE T 005 K T 4% 30 R i N
e VR AT Sl SR B OE 5% pR RO A 1Y 3% 22 p i
o B 7Co) Bm, K E L=3 mm i, & ¥
5 1A B B s E W R A X, B AT AR W Ak v 38
S, FS;. whiidkmh S A S AR E T £1
AR R XI5 R . Hodp oh i Ss 1 iE
B FORF L B[R] X 2K F ool SR S, 04 W (0 15 2 B
Vi) JFE Dt AL g 0 e A 300 75 & ) o i 0 KT R R
HCE 5B FTR) . MW 7CD AT, Y s L=
5 mm B VEF # 1% P 3l ik B o 1z 7 X 3 C )
FERAE WAL o il S A Sy Forp, wpds Sl S
F18) W P R A 2 6 R 349 K b S S A R RN E
grital, HIFH S5 E 7o h ORI E N —2 ., bk
A 20 Jam o g 1o o 0 T A R AR T Oy il R 1Y)
W e 2RI A S %,

Pl 8 Shylde i RU ST % il 7R - 7 JBE R 8 o I A 1
7 P P 328 B ) 0 o5 2 Clh 7 A 3 B ) Ak 4% 36
TS e R 1 359 0 AR AR S e R . T 8 R L T
1T 2 AR Sl um“ﬂﬁiﬁﬂﬁﬁﬁi’ﬂ@ﬁ&
B 8 R B R 348 K 3 KL W A 2 9 2 5 AR
KT Lo R 25 R WY, Rl oy 3 0 4k 8 ik 1%
128 3] Al AR I, PR Bl e R I i 42

L mm\
(a) M1 (b)

(a) Point #1 (b) Pomt #2

P8l RSt xR R 2R 5 A

37 38
t/s

(a) L=0 mm

t/s
(b) L=1 mm

W= O = Nt

37 38
t/s
(¢) L=3 mm

w
C

37 38
t/s

(d) L=5 mm

Bl 7 K EXRT £ 1
Fig. 7

J3E W0 J3 119 52 )

Effect of defect on acceleration of the first roller

H/mm

(o) M1
(c) Point #1

Wi S FF) 34 75 AR AEL 52 1)

(@) M =2
(d) Point #2

Fig. 8 Effect of defect size on the root mean value of accelerations of the bearing-housing system

D) RUIR]FE U 7 il 7R -l 7R 38 48 O BF 98 X 42
525 75 B LA BB A B s A I L ) R AR T 2

(] P 42 floh 5 FEE 458 14 5 ) A 7 55 ) 0 S R Y il -
TR JAE 2 G5 A BR T 8 ) 4 RS BIF 58 A ) RSH 1) sy 3B
WA 75 T 1 B -l 7 AR R B 1) R Bl R AE 5 43 A R 3
W RS 722 A0 X R e ik Sl R AIE 1) 52 e B AR

2) WA HEAFR B X rp R T 5 ER



866 & h. W

ik

J:J‘

i w39 %

©

18 22 [ 14 4 fth 7 51 2% 3 38 R P 32 080N 5 25U T
Tl AR A DX ] L I VR TS TR = ) Y
fith 7 35 3 e R AEL

3) JRr PRI R X IR 1 5 A P G 2 1] 2 A g Y
i (BRI TR 259 A B R B Wi 24 Jay A e o R 52/
IR o 0 B % A 4 I A ik g RTIA O 2 B OE 9K pR HOE
AW S il PO 5 24 SR R R ST BRI L il i
TRV IS A 42 fih ) B 25 AT LA A 2 1 OE 5% bR AR B
bR ZH A0 52 pR BB 5 ¥R 118 Y JRy I8 g e X R
PR BR T 5 R IE Z (A wh il )R TR T AR R
A e DX 5 A b el A

4) 2 JRy AR R R T /N SO e 1R TR Bh
T3 JRE w1 4 vk D S T 52 pR RO 25 Y 1 25 o ot 35
1 5 201 P s RO O I B 175 22 1) i 5l o sk 2 T
ASTETR T 7E AHUR H e e DX A7 7E DU LR 5 IR 1
AR R PR o DX 37 A ) TR TS VR =2 T 4R 2l o
JE R TR 1 N\ R Tt o X sl et B IR sl s 2

z %

X )

(1] X, Iasng, HEEEL. 25 08 Jm 3B il b i 408 & 1 Bk
HORIRSIAFAELT ], Rah MR 52 Wr. 2017, 37(4).
807-813.

Liu Jing, Shi Zhifeng, Shao Yimin. An investigation
of vibration characteristics of a ball bearing with a lo-
calized defect considering different edge shapes[]].
Journal of Vibration, Measurement &. Diagnosis,
2017, 37(4) . 807-813. (in Chinese)

[2] Cao Hongrui, Niu Linkai, Xi Songtao, et al. Mechan-
ical model development of rolling bearing-rotor sys-
tems: a review [ J]. Mechanical System and Signal
Processing, 2018, 102 37-58.

[3] Singh S, Howard C, Hansen C. An extensive review
of vibration modelling of rolling element bearings with
localised and extended defects[]J]. Journal of Sound
and Vibration, 2015, 357 300-330.

ZEE, B, FEEA, F R RS R B
KARITIHSTTES L] PEVM IR, 2012, 23
(23): 2825-2829.

Li Guochao, Peng Wei, Li Yongcai, et al. Simulation

(4]

and dynamic analysis of outer ring fault on rolling
bearings using explicit finite element method[J]. Chi-
na Mechanical Engineering, 2012, 23 (23). 2825-
2829. (in Chinese)

FAEK, #iE, B % TR kg
FI R Bt B 12 W o7 ik D). db at Dol K 2% 2= 4l
2014, 40(10): 1447-1453.

Wang Huaqing, Cui Jing, Xiao Fei, et al. Fault diag-

(5]

nosis of rolling bearings based on explicit dynamics and
zoom spectrum [ J]. Journal of Beijing University of
Technology, 2014, 40(10): 1447-1453. (in Chinese)
[6] Liu Jing, Shao Yimin. A numerical investigation of
effects of defect edge discontinuities on contact forces

and vibrations for a defective roller bearing[ J]. Journal

7]

(8]

[9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

of Multi-Body Dynamics, 2016, 230(4): 387-400.
Zhang Zhinan, Ma Huifang.

stress analysis of a defective rolling bearing using an

Ding Weimin. Local
explicit dynamic method[ J]. Advances in Mechanical
Engineering, 2016, 8(12): 1687814016679909.

Singh S, Howard C Q, Hansen C H, et al. Analyses
of contact forces and vibration response for a defective
rolling element bearing using an explicit dynamics fi-
nite element model[ J]. Journal of Sound and Vibra-
tion, 2014, 333(21) . 5356-5377.

FM, KRBT, SarH. . WS RR IR S8 B
SEMANL S AT LT PR35 ek, 2012, 31(19): 165-
168,173.

Wang Bing, Zhang Jianyu, Gao Lixin, et al. Dynamic
response analysis for rolling bearing vibration measur-
ing point[J]. Journal of Vibration and Shock, 2012,
31(19): 165-168,173. (in Chinese)

Yuan Xing, Zhu Yongsheng, Zhang Youyun. Multi-
body vibration modelling of ball bearing - rotor sys-
tem considering single and compound multi-defects
[J1. Journal of Muti-Body Dynamics, 2014, 228(2):
199-212.

Ahmadi A M, Petersen D, Howard C. A nonlinear
dynamic vibration model of defective bearings - the
importance of modelling the finite size of rolling ele-
ments[ J]. Mechanical Systems and Signal Processing,
2015, 52 309-326.

Xiao Huifang, Zhou Xiaojun, Liu Jing, et al. Vibra-
tion transmission and energy dissipation through the
gear-shaft-bearing-housing system subjected to impulse
force on gear[]]. Measurement, 2017, 102; 64-79.
Liu Jing., Shao Yimin. Dynamic modeling for rigid ro-
tor bearing systems with a localized defect considering
additional deformations at the sharp edges[J]. Journal
of Sound and Vibration, 2017, 398(23):84-102.

Liu Jing, Shao Yimin. An improved analytical model
for a lubricated roller bearing including a localized de-
fect with different edge shapes[J]. Journal of Vibra-
tion and Control, 2017 10.1177/1077546317716315.
Cui Lingli, Huang Jinfeng. Zhang Feibin. Quantita-
tive and localization diagnosis of a defective ball bear-
ing based on vertical-horizontal synchronization signal
analysis[ J]. IEEE Transactions on Industrial Elec-
tronics, 2017, 64(11). 8695-8706.

Hallquist J O. LS-DYNA theory manual. Livermore
[M]. CA: Livermore Software Technology Corpora-
tion, 2006:33-37.

Harris T A, Kotzalas M N. Rolling bearing analysis- es-
sential concepts of bearing technology[ M. 5th ed. New
York: Taylor and Francis, 2007 :182-184.

FE—EEE X, 55,1983 4 9 A
AR BUR . EEWTE T A AL S
FAEB 5K EEIZ K. 8 K £ (Dynamic
modeling for rigid rotor bearing sys-
tems with a localized defect considering
additional deformations at the sharp ed-
ges) ((Journal of Sound and Vibration)
2017, Vol. 398, No. %3¢,

E-mail: jliu@cqu. edu. cn



