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Structure Optimization Method of Machine Tool Weak Part Based on
Mapping Model between Structure and Whole Machine Performance
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Abstract: A structure optimization method of machine tool weak part based on mapping model between
structure and whole machine performance was proposed. In this method, firstly the structure weak
component was determined by the dynamic and static characteristics analysis of machine tools. Secondly,
the structure-performance mapping modeling method based on elliptical basis function ( EBF) neural
network, whose extended constant was selected adaptively, was proposed. In this section, the elliptical
basis function neural networks was modified and improved, and the EBF modeling method based on self-
adaptive extended constant was proposed. The self-organizing selection of expansion coefficients was used
to determine the reasonable participation and overlap of different elliptic basis functions, and it can avoid
all elliptical basis functions from too flatting or too slant effectively, which may affect the accuracy of EBF
modeling. Then, the structure-performance mapping model based on improved elliptic basis function
neural network was structured. Also the validity and correctness of the mapped model was verified based
on the sample data; the correlation coefficients between actual values and calculation results from mapped
model were all above 0.995. Thirdly, on the above basis, according to the physical mapping relation
between structure and static/dynamic performance of the whole machine tool, considering the effect of
boundary constraint of the whole assembly, by taking dynamic and static performances as evaluation, and

choosing the structure of weak component as the optimization object, based on multi-objective
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optimization algorithm, the optimization of weak structure part and the whole dynamic performance of

machine tool were realized finally. After optimization, the center point deformation of tool was reduced by

12. 8% ,

whole machine tool was increased by 6. 9% .

the mass of structure part was reduced by 9. 7% , while the first order natural frequency of the

Key words: machine tool; structure of weak part; performance of whole machine; optimization
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Fig.1 Integral finite element model of one machine
tool structure
F.=Cpaf'r 'K,
F,=Cp alnf ik, (1)
F/ = C,,‘/a;F/f”/v‘",F/K,,f
A F——251U1H] 71

F,—— Y] Hl )
F——F Y1) a, IR B2
DM it e
Cp Cp Cp ——UIHILR BRI T2 R E
2 ROV HI ) 0 5 e FE R
EiEE 3
K, K, K, —— N[0T 20 %45 D1 H 5 )
18 52 W 46 1 22 %L

— A AL I Tk B ) oK R R T O
HEAT UIE] 3t 5 AR LR 7 i i U 4E 2 T
W, B BATHI TS8R AKX (1) #7358, K
PR Ul Hl & 2408 a, =3 mm f=0.3 mm/r,
v, =325 m/min R 443 F, =1427.5 N F, =1063.4 N,
Fo=1159.7 N, 747 i AR 1 23 B I, 432 484 it
JnAe T3 Bt AL E AL

X HHEAT Sl R S R S T, A B AU R
mE K 2 s, Hod ) Hodrus 8RR & ol
21.2 pwm 38 A5 4 B A 1S BIHLIR B9 RT3 B [
AR SARBIA AR WL 1, s 1 RE =
B3, N3l 285 8 1 1Y IR B 4 ik S PR B = & AT LR
H AR 4 2 22 3 R Sy R B B HG BT R 2 4 R B E

v,
¢

X YrTp

2 BB RE(TIAF LIRS 21.2 pm)
Fig.2  Cloud chart of static deformation
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Fig.5 Design variables for weak structural components
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Tab.4 Weighted coefficient value of dynamic and static performance-structure mapping meta-model

i A A Al i A A Al

I ~0.006 050 ~0.000 245 ~0.007 390 15 0.078 114 0. 000 150 ~0.001 730
2 0. 170 139 3.75 %10 -0.013 440 16 0.020 261 ~5.91x10°° 0.002 938
3 ~0.144010  -4.57x10°° 0.001 581 17 0. 057 069 ~0.000 901 0.000 218
4 -0.047 600 2.58 x10°° —-0.000 190 18 0.017 485 9.92x10°° -0.000 270
5 ~0.078 040 ~0.000 261 0. 002 875 19 ~0.000 780 0. 000 102 ~0.000 560
6 0. 005 120 ~0.000 126 0. 000 329 22 ~0.019 100 1.64x10 0.002 151
7 1. 134 005 ~0.000 258 0.001 115 23 -0.120030 3.98 x10 3 0.001 575
8 ~0.072 260 0.000 141 0. 003 815 24 ~0.079 830 ~8.73x107°  -0.004020
9 0. 068 331 ~0.000 479 0. 006 361 25 ~0.003 620 ~2.30x10°°  -0.004 620
10 0.155 785 5.04 x10 ¢ ~0.012 190 26 -0.239750 ~0.000 233 0.014 623
11 0. 054 027 -6.33x10°° —-0.009 930 27 0.116 239 —-0.000 140 0. 002 343
12 0.114872  -2.28x10°°  -0.003310 28 ~0.130 250 1.36 x10 ~0.001 150
13 0. 115748 0.002 273 ~0.006 080 29 ~0.313 150 ~6.20 x10°° 0.003 633
14 ~0.071 940 4.07 1073 0.000 133 30 ~0.082 800 ~2.13x10 " 0.012 033
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Tab.5 Comparison between result from structure-performance mapping meta-model and actual value

f/Hz 8/ mm M/t
0 RN e ST P e Sy
B B4 (IR
31.4 44.2 40.0 22.8 11.4 37.726 37. 800 0.023 180 0.022 76 0.949 1 0.9517
32.8 42.8 25.7 25.7 25.7 38. 109 38.200 0.019 110 0.018 55 0.9328 0.9324
34.2 38.5 28.5 20.0 22.8 38.479 38.260 0.021 847 0.021 32 0.9257 0.9189
35.7 47.1 22.8 15.7 30.0 37.579 37.614 0. 020 697 0. 020 06 0.966 6 0.964 2
37.1 41. 4 31.4 24.2 27.1 37.602 37.391 0.019 344 0.019 82 0.9832 0.9805
40.0 32.8 35.7 30.0 28.5 38.213 38.308 0.019 879 0.019 54 0.991 4 0.9869
41.4 34.2 24.2 18.5 17.1 38.437 38.135 0.018 773 0.018 26 0.960 7 0.9649
42.8 35.7 34.2 28.5 20.0 37.921 37.822 0.019 379 0.019 18 1.024 3 1.0218
44.2 50.0 27.1 21.4 14.2 36.271 36.377 0.017 094 0.017 51 1.0803 1.079 0
e
0.024 f
0.022 ¢
N
//\42//;13
30 S
o HTIi S TR AR x, —x, —y, Mx, —x, —y, KRE
Fig. 6 Relationship graph of x, —x, —y, and x, —x, —y, based on mapping meta model between structure
and dynamic and static performance
®6 MUBMBRITEERNFBFSERITNIER
Tab.6 Design variables and dynamic and static performance evaluation indexes before and after optimization

x;/mm X,/ mm x3/mm x,/mm x5/ mm 8/ mm //Hz M/t

Ak ai 40 40 32 20 20 0.021 20 36. 62 0.998

s 35.98 31.23 23.14 26.21 15.95 0.018 47 39.18 0. 906

A6 R/ % -12.8 6.9 -9.7
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