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A Study on the Feed Rate Optimization of a Ball Screw Feed Drive System for
Minimum Vibrations
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ABSTRACT

Ball screw feed drive systems have been broadly used in machine tools or precision automatic feed systems.
Recently, modern machine tools require high speed and high precision feed drive system to achieve high
productivity. Unfortunately, a feed drive system, even though it was optimum designed, may experience severe
transient vibrations during high-speed operation if its feed rate control is unsuitable. A rough feed rate curve having
discontinuity in its acceleration profile causes a serious vibration problem in the feed slide system. This paper
presents a feed rate optimization of a machine tool feed slide system, which is driven by a ball screw, for its
minimum vibrations. Firstly, a 6-degree-of-freedom lumped parameter model was proposed for the vibration analysis
of a ball screw driven machine tool feed drive system. Next, a feed rate optimization of the feed slide was carried
out for minimum vibrations. The feed rate curve optimization strategy is to find out the most appropriate
acceleration profile having finite jerk. Of course, the optimized feed rate should approximate to the desired one as
possible. A genetic algorithm with variable penalty function was used in this feed rate optimization
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Fig. 4 Half sine curve fitting to generate a smooth jerk
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Table. 1 Input parameters for a feed-drive system

optimization - o
Parameters Value s
Maximum generation 150 ° " mwm ”
Population size 60 f o /ﬁ
Number of variable 5 €, NI
Probability of Crossover, p, 038 i 5 : 75 ¥ 3
Time (s)
Probability of mutation, <
ty Dm 0.01 f w —
x 6 % m‘: \ f
X3 6 hE o5 1 15 3 8
Length of %3 7 s
binary string x 7 (b) After optimization
[bit] P 7 Fig. 7 Comparison of motor speed, corresponding motor angular
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Before optimization  after optimization
(c) Head rotation, 4
Fig. 8 Comparison of transient vibrations of ball screw feed-drive system before
and after optimization
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Table 3 Comparison of objectives before and after
optimization )

Objective] Before After Reduction

Function |Optimization| Optimization ratio
Xalal | 6.8660 *10° | 0.2312¢10° | 96.77 %
Xotal | 9.4771 #10° | 0.2462+410° | 96.85 %
Xntw | 1.0809 *10° | 0.2815¢10° | 96.91 %
niral | 1.2186 *10° | 0.2580+107 97.46%
£i(x)| 1.0809 *10° | 0.2815¢10°° 96.91 %
£Cx)| 6.3843 #10° | 0.1915 10 97.00 %
f(x)| 2.3933+10° | 0.0782+10° 97.46%
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