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Dynamic Characteristic Optimization of Feed System
Based on Kriging Metamodel
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Abstract; A dynamic characteristic optimization method of feed system based on improved Kriging
metamodel was proposed. On the foundation of dynamic model derivation of screw-nut assembly and
accurate multi-flexible body dynamic model of feed drive system, the dynamic characteristic of feed
system was optimized by taking the Kriging metamodel based on the trust parameters update with the
assessment of tool motion ( maximum ratio of vibration acceleration ), which adopted the column as the

design object under the condition of assembly. The optimization result showed that both the structure of

column and dynamic performance of feed system from motor to tool were improved.
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Fig. 1 Sketch map and simplification model

of ball screw assembly
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Fig.2  Structure and FEM model of column
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Fig.4 Kriging metamodel based on trust parameters update
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Tab.1 Design variable of column

WAE VIR {E/mm BR/mm TFR/mm
S AR B %, 30 60 15
P AR S E 30 60 15
TSR s 20 60 10
B «, 20 60 10
TOURN AR 20 60 10
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Tab.2 Experimental design and evaluation index samples
FEAR S x,/mm X,/ mm x3/mm x4/ Mm x5/ mm M/t % Sy 5,
1 19.5 57.75 35 20 42.5 1. 880 1.004 78 1.078 97 1. 008 67
2 42 60 27.5 50 27.5 2.056 1. 021 59 1. 048 32 0.976 32
3 24 37.5 30 12.5 15 1.703 1.110 61 1. 138 61 1.057 00
4 26.25 48.75 55 52.5 47.5 1.992 1.016 89 1. 05574 0.990 59
5 48.75 51 12.5 15 37.5 1.939 1. 056 97 1. 076 55 0.997 37
6 30.75 26. 25 45 57.5 17.5 1. 839 1. 119 63 1. 108 69 1. 038 39
7 60 39.75 37.5 55 35 2. 061 1. 065 16 1.052 55 0.990 10
8 46.5 21.75 60 42.5 40 1.905 1. 124 60 1. 086 45 1. 029 48
9 33 19.5 10 35 30 1. 668 1.213 35 1. 149 13 1. 089 45
10 44,25 15 40 17.5 22.5 1.711 1.21551 1.142 59 1.081 88
11 39.75 35.25 15 60 45 1.911 1. 085 09 1. 080 42 1.022 62
12 21.75 17.25 32.5 47.5 55 1.723 1. 176 16 1. 121 66 1.076 58
13 57.75 24 25 25 50 1. 865 1. 156 15 1.094 77 1.044 21
14 15 28.5 52.5 27.5 32.5 1.721 1.113 08 1.129 19 1. 057 20
15 51 55.5 42.5 37.5 57.5 2.103 1. 029 05 1.032 58 0.972 87
16 55.5 44.25 57.5 22.5 25 2.013 1. 062 70 1.064 27 0.991 98
17 37.5 33 47.5 10 52.5 1. 826 1.104 43 1.097 09 1.037 53
18 35.25 53.25 50 32.5 10 1. 961 1. 046 57 1.07576 0.993 14
19 17.25 46.5 17.5 45 20 1.796 1. 049 51 1. 108 87 1.03129
20 53.25 30.75 22.5 40 12.5 1. 879 1.127 77 1. 103 23 1.031 21
21 28.5 42 20 30 60 1. 826 1. 065 40 1. 093 89 1.03194
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Tab.3 Comparison of design variables
and evaluation index

% % *3 Xy x5 M
o & 6,
/mm /mm /mm /mm /mm /t

fAkRT 30 30 20 20 20 1.689 1.149 1.145 1.071
k)G 15 48.79 14.54 10 20.29 1.690 1.049 1. 132 1. 048
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