= gIHUYFes | NI ML 199212
u Journal of the Korean Society of Precision Engineering Vol. 9. No.4 Dec. 1992.

SRS 048 $2aF
RECBREEER E

343 2%y I

Thermal Expansion Analysis of the Ball Screw System
by Finite Difference Methods

Sung-Chong Chung*, Jung-Kyun Park**

ABSTRACT

Ball screw systems have been used for positioning elements of machine tools and precision
tables. In order to maintain the high rigidity and accuracy, a certain amount of preload
is applied between the nut and the screw of ball screw systems. However, large amount
of the preload increases the frictional heat. The temperature rises remarkably at the high
speed motion, and the thermal expansion degrades the positioning accuracy.

In this paper, a finite difference method is applied to analyse temperature distributions
and thermal expansions of the ball screw system according to preload conditions and rotational
speeds. Some simulation results show that the developed methodology is appropriate to study
the thermal expansion characteristics of ball screw systems.
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Table 1. Material Properties used in This Study

c 460 J/ (w0

k 60.5 W/(m-C)

_a 1.17*10°° 1/C

o 7865 kg /m
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Fig.1 Schematic Diagram of Double-Nut Type Ball Screw System
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Fig.2 FDM Model of Ball Screw System
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Fig.3 Node Shape for Convection Element
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Table. 3 Convection Heat Transfer Coefficient (h.)
according to Nut Motion‘"

W/ (m - C)
N {rpm) F.=980N F.=1960N
500 25.0 27.5
750 30.0 30.0
1000 30.5 37.5
1500 38.0 40.0
Table. 4 Drag Torque(T.) "
(N - m)
N (rpm) F.=980N F.=1960N
500 0.169 0. 307
750 0. 180 0.315
1000 0.187 0.321
1500 0.196 0.33
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Table. 5 Bearing Temperature”

(C)

N (rpm) F.=980N F.=1960N

T, T Tu Tz

500 27.0 | 24.0 | 27.1 | 23.2

750 28.3 | 24.6 | 28.7 | 23.4

1000 29.0 | 24.4 | 29.9 | 24.2

1500 31.7 | 24.9 | 35.5 | 25.2
Table. 6 Nut Motion Time and Stop Time'
(sec)

N (rpm) F.=980N F.=1960N

t. t. t. t.

500 6.9 1.6 6.9 1.6

750 4.8 1.6 4.8 1.6

1000 3.9 1.6 3.9 1.6

1500 3.0 1.6 3.0 1.6
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Table. 7 Time Differential

(sec)

N (rpm) At

500 0.048

750 0.034

1000 0.028

1500 -0.021
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