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Abstract: Friction generated from balls and grooves incurs temperature rise in the ballscrew system. Thermal
deformation due to the heat degrades positioning accuracy of the feed drive system. To compensate for the thermal
error, accurate prediction of the temperature distribution is required first. In this paper, to predict the temperature
distribution according to the rotational speed, solid and hollow cylinders are applied for analysis of the ballscrew shaft
and nut, respectively. Boundary conditions such as the convective heat transfer coefficient, friction torque, and thermal
contact conductance (TCC) between balls and grooves are formulated according to operating and fabrication conditions
of the ballscrew. Explicit FDM (finite difference method) is studied for development of a temperature prediction
simulator. Its effectiveness is verified through numerical analysis.
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Table 1 Heat transfer characteristics of each element in the FD model
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Table 3 Convection coefficients according to rpm

N[rom] | h[wm’K] | h[wm’K] | h[Wimk]
250 5.88 1152 9.7
500 7.46 18.29 9.7
750 8.91 23.97 9.7

Table 4 Friction torques according to rpm

N[rpm] beS[N/m] beS[N/m] be[N/m]
(Preload: 670 [N]) (Preload: 1300 [N])
250 0.0457 0.1021 0.0022
500 0.0490 0.1055 0.0032
750 0.0518 0.1083 0.0040

Table 5 Therma contact conductance between balls and
grooves according to preload

Preload [N] Cong [ WIMK | C [ WIMK ]
670 123.30 126.70
1300 153.84 158.02
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Temperature[TC]
w
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25 === 670N without TCC
P =8~ 1300N with TCC
===1300N without TCC
20
0 50 100 150
Time[min]

Fig. 5 Temperature rises with and without TCC effects
on the nut surface at feed rate 3.75 m/min
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