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Finite element analysis and optimization design of beam

for CNC glass machine tool

LAI Zhangpeng, HUANG Weidong, CHEN Guangyu, HONG Hao, ZHANG Weijie
(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Beam is a key component of CNC glass machine tools. The ANSYS software was used to conduct
analysis on its static and dynamic characteristics and harmonic response, and obtained the deformation of the
beam under extreme conditions and the first six natural frequencies and modes. It was confirmed that the
second-order natural frequency tends to cause beam resonance. With improving the second-order natural
frequency as the optimization design objective, and the beam structure sizes as the optimal variables, optimiza-
tion was conducted by using the software Isight and the sensitivity analysis method. Results show that the mass
of the optimized beam was reduced by 12.88 kg, the static deformation was reduced by 29.22 pm, and the
second-order natural frequency was increased by 13.34 Hz.
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Fig.1 Structure of CNC glass machine tools
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Fig.2 Force analysis of the beam
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Tab.1 Indication and value of each parameter
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Fig.3 Stress-strain nephograms of the beam when

spindle components are in different positions
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Tab.2 Natural frequencies and maximum deformation

of the first six orders of the beam
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Fig.4 Beam’s displacement-frequency curve
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Fig.5 Distribution of all initial variables in the beam
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Tab.3 Parameter design range

WIS X WA/ mm 2L ]/ mm
Bl NI W 7 )5 o 10 8~12
B2 X7 IR R 10 8~12
B3 “XVHEURESE 1 250 240 ~ 260
B4 XV UM ESTE 2 230 220~240
BS X" RUIARARESEE 3 210 200~220
B6  “X"HUMRAESSE 4 190 180~200
B7  “X"HUARFES B 5 170 160~ 180
B8  “X"EIMRAESTE 6 150 140~ 160
BY <XV UM ESIE 7 130 120~ 140
B10  “X" RN 8 110 100~ 120
BI1 Mgt BN REJR 10 8~12
B12 ‘U FEIRMIREE 10 8~12
BI3 5] LA 100 80~ 120
B14 R i i BE TS 10 8~12
BIS i B A A R SR 10 8~ 12
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Tab.4 Beam mass and sensitivity of the second order’s

natural frequency

it [ RS/ 5B R R/

h (kg mm™) (Hz  mm™)
B1 -0.75 17.33
B2 -5.49 63.16
B3 0.05 -17.25
B4 -0.56 -2.74
B5 1.40 -21.22
B6 1.20 0.49
B7 -0.31 -19.52
B8 -2.92 13.12
B9 -1.54 -17.57
B10 1.55 -11.43
B11 4.38 163.80
B12 -2.88 46.29
B13 -0.52 -26.69
B14 1.66 205.70
B15 2.46 33.99
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Tab.S Round values of design variables

mm

BtERE iR YA DAL A f
B2 10 8~12 8.6
B4 230 220~240 223.6
B5 210 200~220 217.2
B6 190 180~200 199.0
B8 150 140~ 160 155.6
B9 130 120~ 140 127.4
B10 110 100~ 120 115.6
B11 10 8~12 9.6
B12 10 8~12 8.2
B13 100 80~ 120 88.4
B14 10 8~12 8.4
BIS 10 8~12 11.6
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Tab.6 Comparison before and after optimization

. BEgtmTtRs  REREE BER T

kg FWig/pm AR/ He
R 5% 625.90 135.93 102.60
G r% 613.02 106.71 115.94
Ak ik -12.88 -29.22 +13.34
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