Transactions of KSAE, Vol. 15, No. 4, pp.115-123 (20607)

23| vlojel St HMS
Hea'-mma
Zelcysta” -

Copyright © 2007 KSAE
1225-6382/2007/088-16

oS X =
o5t ®= muy sjHol A
YRR AP

FELES

Validation of Contact Modeling Technique for Dynamic Analysis
of Roller Bearing System

Eunkyo Jung‘”

- Jinhwan Choi”

+ Sungsoo Rhim" - Hansik Ryuz)

Department of Mechanical Engineering, KyungHee University, Gyeonggi 449-701, Korea
2Sani4-1 Nongseo-dong, Giheung-gu, Yongin-si, Gyeonggi 446-712, Korea
(Received 5 December 2006 / Accepted 26 February 2007)

Abstract :

In this paper, an analytical model is developed to describe the dynamic characteristics of a roller bearing. In

order to obtain accurate dynamic response of roller bearing, each roller is modeled as a rigid body, which has radial and
axial movement and rotational constraints. Beam element between outer race segments is used to consider flexibility of
outer race. Beam deflection is calculated from beam forces and used for contact between roller and outer race. The
efficient contact search kinematics and algorithms in the context of the compliance contact model are implemented to
detect the interactions between roller and race for the sake of speedy and robust solutions. The numerical results are
validated with another analysis results which are calculated using waviness condition. Increasing rollers, dynamic
responses are compared with each other. In order to confirm dynamic behavior and nonlinear characteristic of roller

bearing, Poincare map is used.
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Flow Chart of Contact algorithm

Fig. 7 Flow chart of contact algorithm
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Table 1 Dimension and physical properties of roller bearing

system
Number of rollers (Nb) 5/8/12
Number of outer race segments (Nor) 12
Inner raceway diameter 18.738 mm
Quter raceway diameter 28.262 mm
Roller radius 4.762 mm
Shaft radius 7.5 mm
Housing radius 16 mm
Bearing thickness 6.35 mm
Radial load 6N
Damping factor 0.2 Ns/mm
Speed of rotor 5000 rpm

Horizontal velocity [mm/sec]

-12.00 " . . x1072
-4,716 -3,166 -1,617 -0,067 1,481 3,030 4,580
Horizontal displacement [mm]

Fig. 10 Poincare map of response for horizontal displacement
of rotor (Nb=5)
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Fig. 11 Poincare map of response for vertical displacement
of rotor (Nb=5)
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Fig. 16 Poincare map of response for horizontal displacement
of rotor (Nb=8)
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Fig. 19 FFT analysis of horizontal displacement response
with waviness boundary condition (Nb=8)
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waviness boundary condition (Nb=8)

6. 2 E

[ —

339 efuloly mdo] Aok o Ach Belu]
AP hEeol, AolA, g, 1elm 95 o]
xz 7Y Yok dF ol A4S 2o
87] 9kl X 248 2 ddY RUE B U
HolHth B s} S/9)5 elo] = Alo] o] 1% &
aeFol ANSAH, Bt dolx Atole]

122 simxisxZsts|=2x HisA H45, 2007

o' 1,50
g 1,00
&

o 050
3

2 000
L5

=3

5 050
=]
§-1.00
8

i -1.50 x107

-4,135 -2,808 -1,482 -0,156 1,170 2496 3,822
Horizontal displacement [mm]

Fig. 22 Poincare map of response for horizontal displacement

of rotor (Nb=12)

Vertical velocity [mm/sec]

075 R N . i %1072
-1,902 -1,899 -1,896 -1,892 -1,889 -1,885 -1,882
Vertical displacement (mm]

Fig. 23 Poincare map of response for vertical displacement

of rotor (Nb=12)

x10*
6,00

_. soof
4,00 F

300+ l
200+
d

1,00 b

Amplitude [mm

00 2
0 100 200 300 400 500 60C 700 80O 900

Frequency [Hz]
Fig. 24 FFT analysis of horizontal displacement response
(Nb=12)
x10*
6.00
__ 5.0o @y, 1 400
E 4,00
L]
3 300
6 2,00
2 1.00 Zf)b”
0.00 A
0 100 200 300 400 500 600 700 8OO0 900
Frequency [Hz)

Fig. 25 FFT analysis of horizontal displacement response
with waviness boundary condition (Nb=12)



Validation of Contact Modeling Technique for Dynamic Analysis of Roller Bearing System

x10*
7.00
600y
500t
4,00
3.00

2.00 .
@, 400 2w,

Lool l l

0.00 . A
0 100 200 300 400 500 600 700 8OO 900
Frequency [Hz]

Amplitnde {mm])

Fig. 26 FFT analysis of vertical displacement response

(Nb=12)

%10
7.00
6.00 @y, : 400
5.00
4,00
300
2,00 lw,
1.00 L !
0,00 _A,J J\
0 100 200 300 400 500 600 700 800 900
Frequency [Hz]

Amplitude [mm]

Fig. 27 FFT analysis of vertical displacement response with
waviness boundary condition (Nb=12)

Eejo] ZAH o)A Belel £2 S F
B e ol &8 A A3, 89 57 Bold
o ek F7189 B4 AAAA LR, MG
o] o= AHe BT HAF W Y3t
o] FET s)41% 23} 8¢ $3 T35 Axshe
Fard WFo] Ht WL AL & ATk
FFT S8 2 7o) 252 915kl ERsa 3A=
& o g3te] AU Aot wlwg om, Y3
£ A7E Qe 5 YA o] 9 2ol Ak Tl
oo} $X 8 WY 718 ol §3to] efulol
o] BhE N 2R dAste] TEHE W R4S

e BATE AST S Qon EE RAY

Slck. et Mo} AAEe} sl Ajo] ohd MAAx
W9} BelA EulolPe] AAN 2e] wH
Age AAZD glol urh A A9 5 YA =
2.

References

1) S. Harsha and P. Kankar, “'Stability Analysis of
a Rotor Bearing System due to Surface
Waviness and number of Balls,” International
Journal of Mechanical Sciences, Vol.46,
pp.1057-1081, 2004.

2) G.Jang and S. Jeong, “'Vibration Analysis of a
Rotating System due to the Effect of Ball
Bearing Waviness,” Journal of Sound and
Vibration, ASME, V0l.269, pp.709-726, 2004.

3) N. Akturk, M. Uneeb and R. Gohar, “The
Effect of Number of Balls and Preload on
Vibrations Associated with Ball Bearings,”
Journal of Tribology, ASME, Vol.119, pp.747-
753, 1997.

4) J. Yang and S. Chen, “Vibration Predictions
and Verifications of Disk Drive Spindle System
with Ball Bearings,” Computers and Structures,
Vo0l.80, pp.1409-1418, 2002.

5) G. Hagiu and M. Gafitanu, “Dynamic Charac-
teristics of High Speed Angular Contact Ball
Bearings,” WEAR, Vol.211, pp.22-29, 1997.

6) M. Tiwari and K. Gupta, “Effect of Radial
Internal Clearance of a Ball Bearing on the
Dynamics of a Balanced Horizontal Rotor,”
Journal of Sound and Vibration, Vol.238,
pp.723-756, 2000.

7) S. Sugiyama and T. Otaki, “Mathematical
Model for Brake Hose Layout,” SAE 922123,
1992.

8) T. Harris, Rolling Bearing Analysis, 4th Edition,
John Wiley & Sons, Inc., New York, 2001.

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 4, 2007 123



