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Fig.1 3D solid model and finite element model
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Fig.2 Measuring cutting force of disc milling
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Fig.3 Schematic diagram of column stress
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Fig.4 Overall deformation of disc

milling column
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Table 1 Results of statics analysis
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machine tool
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Fig.6  Unit structure model
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Fig.8 Comparison between overall vibration mode and local vibration mode
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Table 3 Column parameter modification model

AL JE AR 2 5 A B2 FERRLARY () 25 Fk B AL JE AR () A5 B
1 TR AL SRR A=3, Ay=2, A,=11 A=3, Ay=2, 4,=9
2 BATCEE 1 I 1 H'=80mm H'=110mm
3 SEAEAR R T RE AR 1 L=1000, =800 L=1150, =900
4 HELRZSHY T 3 OH=0, OW=0 WA , OH=1445mm, OW=510mm
5 HEZRLSHE A 1 OH=0, OW=0 JE A , OH=1400mm, OW=445mm
6 fifiti HE 4 = FHURRE £'=13mm
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Fig.11 Influence of rib plate with different height on mass and nature frequency
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Table S Orthogonal table of column dimension parameters
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ZH/mm
s [ 45 4515 /Hz
AL SERETE W R OH FHAI9E OW
1 1000 800 100 100 59.47
2 1000 900 650 300 63.69
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4 1000 1100 2000 700 91.26
5 1030 800 650 500 66.48
6 1030 900 100 700 70.64
7 1030 1000 2000 100 74.38
8 1030 1100 1300 300 78.22
9 1060 800 1300 700 79.92
10 1060 900 2000 500 81.76
11 1060 1000 100 300 60.49
12 1060 1100 650 100 65.86
13 1100 800 2000 300 78.93
14 1100 900 1300 0 75.14
15 1100 1000 650 700 73.51
16 1100 1100 100 500 53.69
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Table 6 Optimization results of column integral frame structure based on BP neural network model
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Fig.14 Prototype
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Table 7 Column optimization results
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Optimizing Disc Milling Column of Efficient and Powerful Compound Milling
Machine Based on Neural Network

LI Zhishan, SHI Yaoyao

(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

[ABSTRACT]

In order to solve the problem of insufficient rigidity of the column of the disc milling column of efficient

and powerful compound milling machine, the cutting force was obtained by cutting titanium alloy, the dynamic and static
characteristics of the column were calculated by ABQUS finite element analysis module, and FEM is used to calculate the
static and dynamic characteristics of the key structure of the column. Unit structure and frame structure are collected and
optimized by variational analysis method. Several improved design schemes of the column structure are presented for the
purpose of optimizing the structure’s natural frequency. BP neural network model is also put forward to find out the optimal
design variable. Compared with the original one, the natural frequency of the optimized column structure increases observ-
ably. Finally, this method is applied to analyze the structure of principle prototype and the original column is optimized ac-
cording to the computed results. Through machining experiments, the static and dynamic characteristics of the machine tool
are improved greatly, and the correctness and feasibility of this theory are verified.

Keywords: Efficient and powerful compound machine tool; Dynamic and static characteristics; Variational analysis; Natu-

ral frequency; BP Neural network
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