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Fig. 1 The simplified model of the whole machine tool
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Fig. 2 The dynamic model and the test of linear guide
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Tab.1 Comparison of predicted and experimental frequencies
B % W {H/ Hz fj FL{H /Hz ®2/ %
1 983. 8 982.4 0.14
2 3015.7 3017.3 0.05
3 3393.2 3 586.2 4.78
4 3 555.5 3634.9 1.40

*2 HAEHMERKEKEEMHEEIEL

Tab.2 Comparison of predicted and experimental damping
ratio
W RE(E/ % i EA8/ % W2/
1 1.52 1.53 0.65
2 1.39 1.42 2.16
3 1.79 1.78 0.56
4 1. 67 1. 60 4.19
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Tab.3 Basic parameters of the bed-column joint
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Pl 2.50X 10" 4.2X10° 6.9Xx10° 1.1X10°
80
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Fig. 3 Basic parameters of the bed-column joint (unit: mm)
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Fig.4 Dynamic model of the spindle bearing joint
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Fig. 5 Dynamic model of the ball screw
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Tab.4 Axial stiffness of the ball screw N/m
tiilo| K Ks Ky Ky
x 2.58X10% 1.03X10° 2.60X10% 1.47X10°
y 2.42X10% 0.83X10° 2.45X10% 1.47X10°
z 1.42X10%  1.20X10° 1.43X10% 1.47X10°
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Fig. 6 FEM of the machine tool and its constraints
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Tab.5 Frequencies and mode shapes of the machine tool
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Fig. 7 The modal test
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Tab. 6 The elastic energy distribution ratio of each joint
RERE 3103/ 0
2B 3B 7B 8K 10Hr 32K
B E P 1.53 2.10 1.03 3.38 5.02 33.80
z o] FELMEE 8.25 10.20 42.30 39.10 46.20 9.36
2 [MVRERZZFT  3.90 0.43 4.55 1.02 1.43 4.21
AR R B 31.20 47.30 8.10 10.10 12.30 3.73
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Tab.7 Optimized schemes for the joint stiffness

G HAERUEMREZ /(10" N m™)

A= = A 7  [n] & SR B
it 1) (| Bk 4l ) (=
1 6. 46 42.0 58.3 463 69. 0
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Fig. 9 Results after the optimization
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Tab.8 Results of the third scheme
s Sk BE 4 A 26/ 6
2B 3B 7B 8B 10K 32Fr
B LS 1.03 1.79 0.93 3.06 4.52 17.30

SR 7.65 8.87 23.60 21.80 24.50 8.19
AR B 19.70 22.10 7.73 8.10 8.56 2.84

x99 RMUBEEMELTL

Tab.9 Frequency results after the optimization

s LA M/ He
2B 3B 7B 8B 10Fr 32K
L7 i) 50.1 75.1 151.6 162.1 205.5 496.5
etk s 54.3 77.8 156.7 166.8 209.8 504.1
AR/ % 8.48 3.60 3.36 2.90 2.09 1.53
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