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Abstract. High speeds and acceleration create high reactive forces between the moving mass and the
stationary bodies of the ball screw feed drive system and excite the structure which causes undesired
vibrations. Therefore, it is necessary to have an accurate dynamic model of the feed drive system for
machine design and controller tuning. An optimized dynamic modelling and simulation method of a ball
screw feed drive was presented based on the lumped mass model. The mass and the rigidity of the ball
screw feed drive basis were considered in this new model and the calculation method of the equivalent
parameters was optimized. Simulative and experimental examinations were conducted based on an X-axial
ball screw feed drive system on a MAG machining center and the presented method was proved to be
accurate because of the same eigenfrequency number and the limited error (less than 5% ) between the
simulated and measured eigenfrequencies of the ball screw feed drive system. Based on this model the
vibration characteristic of a ball screw feed drive system was studied. The simulation results showed that
the natural frequency change caused by the nut position change affected the stability of the servo system,
and the backlash of feed drive system encouraged the components to produce high-frequency vibration and
made the servo system unstable.
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Fig.1 Schematic configuration of ball screw feed drive system
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Fig.2 Lumped mass model of ball screw feed drive system
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Fig.3 Simulation model of ball screw feed drive system
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Fig.4 Fixed-free schematic of shaft mounting configuration
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Tab.1 Parameters of feed drive system components

XJJ’EE? M, /kg 399
Y TAEG s M, /kg 365.5
Ik Jl 46 BT i M/ kg 0.3
Tl 2 B R J,/ (kgem®) 1.6 x107*
fal MR R S AL SR T,/ (kgom®) 2.3x10°?
fl Bl L S WL 7 ik M, /kg 6.38
Ty B L W0 % b,/ (Nom 1) 1.4 x10°
221 St R Bl 1 R Ry /(Nem ™) 1.6 x10°
X TG SBRIE k,/(Nom™") 3.5 x10°
Y TR G2 R MR k,/(N-m~") 3.38 x 10°
22T A h/m 1.2x1072
22FLHAR d/m 3.2 x10 2
ALK [ /m 0.7
TAEBAEZAKE [, /m 0.35
BRI S % {H K/(Nom™") 6.12 x 10°
LA B E #ofi €,/ kN 37.4
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Tab.2 Parameters of simulation model

{7 MR L Sh AL B T,/ (kgem?®) 2.3x10 73
AT R S U/ (kgem?) 2.09 x10 3
R T M/ kg 374
2RI T R Mg /kg 11.1
TAEG Bt My/kg 365
R k,,/(N-merad ") 1.322 x10°
R b,/ (Nem™") 1.196 x 10
L2 KT SRR KB e,/ (Nom ") 6.79 x 10’
5 A iy ) U BEE ke /(Nom ™) 7.03 x 10°
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Fig. 6 Simulated result of frequency response
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Fig.7 Test platform of dynamic response characteristics
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Tab.3 Comparison of simulated and

measured eigenfrequencies

R AE S 2 ) B R AE S 26 S 0 W

455 £,/ Hz S5 R f [/ Ha a/ %

1 57.5 55 4.5
2 177 177 0

3 220 222 2.3

4 661 630 4.9
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Fig.9 Frequency spectrum analysis results of

each lumped mass vibration
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Tab.4 Equivalent rotational rigidity and axial rigidity of

ball screw feed drive model at different table positions

L, S5 RUHT e WI B S35 A 10y
/m /(N-m-rad ") /(N.m™")
0.10 1.377 x 10° 1.459 x 10°
0.15 1.366 x 10° 1.398 x 10®
0.20 1.355 x10° 1.341 x 10®
0.25 1. 344 x10° 1.289 x 10®
0.30 1.332 x10° 1.241 x 10°
0.35 1.322 x10° 1.196 x 10*
0.40 1.312 x10° 1.154 x 10®
0.45 1.302 x 10° 1.115 x10®
0.50 1.292 x 10° 1.079 x 10®
0.55 1.282 x10° 1.045 x 10®
0. 60 1.272 x 10° 1.013 x 10®
0.65 1.262 x 10° 9.830 x 107
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Fig. 11  Natural frequencies of ball screw feed drive

system at different machine table positions
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Fig. 13 Influence of backlash on system vibration
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