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Optimization design and performance analysis of CNC machine tools

composite structure bed based on grey theory

GUO Rumrlan, DENG Wen-qiang. LI Dian-lun

(School of Mechnical and Electrical Engineering, Lanzhou Univ.of Tech., Lanzhou 730050, China)

Abstract: To improve the comprehensive performance of CNC machine tools, a steel-concrete composite
structure bed is designed, based on a certain horizontal machining center cast iron bed. The method of or-
thogonal experiment, grey theory and combination weighting is used to optimize its structure, the optimal
parameter combination is obtained. Finally, the finite element simulation analysis of the composite struc-
ture bed is carried out, and the results are compared with the prototype cast iron bed. The results show
that: when the bed mass is increased by 2.3% , the maximum static stress and the maximum static deform-
ation of the composite structure bed are reduced by 51.3% and 82.9% , respectively. The first three natural
frequencies are increased by 143.9%, 156.8% and 148.7% , respectively. The maximum amplitudes of the
center nodes of x-axis guide rail and z-axis guide rail in x, y and = directions are decreased by 97.6 %, 97.
1%, 94.0% and 99.6%, 97.9% 85.4%. When the sliding block of the guide rail continuously rubs on the
guide rail surface for 1 800 second, the maximum thermal-structural coupling deformation of the guide rail
is reduced by 7.3%.
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Tab.1 Orthogonal experimental design
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Fig.3 Process of optimal design Tab.2 Simulation experimental results
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Tab.6 Performance between composite structure machine tool 0~3 600 s 15 ,
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Fig.5 Frequency response curve of the center node of the

machine tool bed rail
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Tab.7 Convective heat transfer coefficient
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Fig.6 Time maximum temperature and maximum cou-
pling deformation curve
°
1 200 S, D)
.1 920 S [}
b
’
4
D ,
- ’
’
2) s .

3)
2.3% .
51.3% 82.9%;
143.9% .156.8%  148.
7% x z NG VN

97.6%.97.1%.94.0%  99.

6%.97.9% .85.4%;0~3 600 s,

[1]

(2]

(3]

[4]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

’ ’ ’

[l .2019,35(2) :113-116.
MOHRING H C,BRECHER C, ABELE E,et al.Materials in
machine tool structures [ J]. CIRP Annals -Manufacturing

Technology.2015,64 (2).725-748.

’ ’

[J]. ( ),2018,52(10) :1880-1887.
s s s Kriging
L1l ,2011,44(12):1111-1117.
[T ,2015,46(11) :399-404.
[J]. ,2013,30(5) :52-55.
0. ,2015,31(2) ;:125-128.

KONO D,MIZUNO S,MURAKI T,et al.A machine tool mo-
torized spindle with hybrid structure of steel and carbon fiber
composite [ J].CIRP Annals-Manufacturing Technology,2019,
68(1). 389-392.
, , ., .BFPC
L. ,2019,55(9) :127-135.
MOHRING H C.Composites in production machines [ J].Pro-
cedia CIRP,2017,66:2-9.
SUH J D,LEE D G.Design and manufacture of hybrid poly-
mer concrete bed for high-speed CNC milling machine [ J].In-
ternational Journal of Mechanics and Materials in Design,
2008,4(2):113-121.
(. (
(11):1694-1700.

), 2017, 45

LIl ,2017,36(12):105-111.
[1l. ,2012,31(16):117-121,127.
. GB 50010-2010
[s]. : ,2010.

http://www.cnki.net



