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Two-level Optimization Method of Bed Unit Structure Considering
Dynamic Performance of Machine Tool
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Abstract; It is often difficult to achieve further optimization results of machine tool parts in terms of sizes
parameters after the topology structure of these parts are determined. Taking the machine bed structure of
a horizontal machining center as an object, a two-level optimization method of the unit structure was
proposed, which was based on the analysis and optimization of unit structure, to optimize the whole
machine tool bed. Firstly, according to structural features of this machine tool bed, different unit
structures were analyzed and compared, and then the round and oval sand hole with original sizes
parameters were chosen as the most suitable units to redesign the bed structure. After that, based on
response surface method and taking the whole machine tool bed as optimization goal, the second-level
optimization of unit structure in terms of sizes parameters was achieved. On the premise of minimal
change of bed mass, the results of the analysis demonstrate that the two-level optimization method
achieves better dynamic performance of machine tool compared with single-level optimization method
which only focuses on the optimization of unit structure. To be more specific, the former method can
increase the fundamental frequency of this machine tool bed 3 times than the latter method. Besides,
when the former method is applied, the biggest resonance peak of this machine tool is reduced by 55. 2%
in X-direction, 83.9% in Y-direction, and 82. 8% in Z-direction.
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Fig.1 Structure of horizontal machining center
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Fig.9 New design of machine bed structure
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Fig. 10  Finite element modal of machine tool
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Tab.S Harmonic response analysis results of machine tool with different bed structures

g g &
JF R 5 /Ha 255 /Hz HE R/ % JFUAK & /mm %59 /mm 2 5%/ %

-

80. 0 30.5 305 0.67 0.56 0.35
60( -25.0) 31(1.6) 31(1.6) 0.23( -65.7) 0.15( -73.2) 0.10( -71.4)
46( -42.5) 32(4.9) 32(4.9) 0.30( -55.2) 0.09( -83.9) 0.06( -82.8)

N o~

A

e W S, 5 0 JC 4 B 01 19 36
o  XPRLEHI A R SR PRSP A 0
(EFVSURLAT RIS T RSO AUBIN st st s o W o Ko O e

¥
&

(1

)
R BUE SRR - BLX 7 1 89 5 KO B 55.2% L ¥ U7 i F B

(2) ﬁzg*@ﬁiii%—‘ﬁﬁi \ﬁ’fﬁﬂgélﬂj*@'ﬁt/ﬂ: 83 9% ,Z ﬁm?% 82 8% ,ii?ﬁ*@ﬁlf’ﬂﬁﬁi‘l‘m*ﬁj

EAAWIANY H

jj/f ,Eﬁ%%ﬂﬁt%ﬂ?%ﬂ@#&%ﬂl%fﬂﬁﬁﬁﬁo T’Ef”?ﬂ,ﬁfzmméﬁmqj )

10

11

12

13

14

15

16

(3) Hali il R B JCEs 4 R S8 e x4 ¥
2 £ x W

Chen T Y, Wang C B. Topological and sizing optimization of reinforced ribs for a machining centre[ J]. Engineering Optimization,
2008,40(1) : 33 -45.
Kroll L, Blau P, Wabner M, et al. Lightweight components for energy-efficient machine tools[ J]. CIRP Journal of Manufacturing
Science and Technology, 2011, 4(2) . 148 - 159.
HAKOL, XEE, s, . BET RN 0 B2 R LR B s M A R Ak B O i [1] . BUeR et 2012, 29(6) 231 - 35.
Tong Shuiguang, Liu Yu, Zhang Jian, et al. Optimal design of reinforcing rib configuration for horizontal spinning machine body
based on topology optimization[ J]. Journal of Machine Design, 2012,29(6) : 31 —=35. (in Chinese)
Chen Wanqun, Bai Qingshun, Yang Kai, et al. Dynamics design optimization and experimental validation of a miniaturized
machine tool for micro-milling[ J]. Production Engineering, 2013, 7(5) ; 477 - 482.
BB, AR, MM, SF . Bl S 0 O R B S AR EE A B S 2 AT [T ] BUBGR T 5 5 2013 (12) 38 - 40.
Yang Yuping, Zhang Sen, Ji Binbin, et al. Design and analysis of the bed stiffened plate structure for vertical machining center
[J]. Machinery Design & Manufacture, 2013(12) : 38 —40. (in Chinese)
TRAEE, SKER. BT FEM R BLARAS F i Sh AR RE LML BTt [T ], 7 g 3838 R4 244 ,2003,38(5) 1517 - 520.
Xu Yanshen, Zhang Xueling. Optimum design of static and dynamic properties of mechanical structure based on FEM[J]. Journal
of Southwest Jiaotong University, 2003,38(5) : 517 =520. (in Chinese)
TR, tRAleE, AR SR BT RIS SR R A RS T[T ] T EHLAC LR 2004, 15(18) 11654 ~ 1657.
Xu Liping, Xu Yanshen, Lu Zhiyong, et al. Modeling of general modular product family and applications based on flexible unit
structure[ J|. China Mechanical Engineering, 2004 ,15(18) : 1654 —1657. (in Chinese)
Xu Y S, Chen Y L, Zhang G J. Adaptable design of machine tools structure[ J]. Chinese Journal of Mechanical Engineering,
2008, 21(3): 7 -15.
ERE, WEN. TR RHURIR S MR 503 I]. AEPURS A s bin TH AR ,2009(10) 75 - 78.
Wang Yunxia, Guo Yujie. Research on structural analysis and optimization design of machine tool bed based on unit structure[ J].
Modular Machine Tool & Automatic Manufacturing Technique, 2009(10) : 75 —78. (in Chinese)
EEM, INCH, PEH. BT ITE R AT T PR IR B S i S e o A S04 [T]. PR3l 5 vhit7 ,2012,31(16) :184 — 187.
Wang Yulin, Sun Wenzhao, Feng Hutian. Dynamic and static characteristics analysis and optimization of screw rotor grinder bed
based on unit structure[ J]. Journal of Vibration and Shock, 2012,31(16) : 184 —187. (in Chinese)
SR, SR, EZW,E. UM T IE IS @RCRIRTELT] . MU T AR 254 ,2011,47(23) ;136 - 143.
Guo Lei, Zhang Hui, Wang Jinsong, et al. Theoretical modeling and verifications of unit structure method [ J]. Journal of
Mechanical Engineering, 2011,47(23): 136 - 143. (in Chinese)
W, BF, R E A AR T RSO RRE RO ERR A B R A BT [T ] R AR 4R, 2010,41(10) ¢ 18 - 22.
Ye Hui, Hu Ping, Shen Guozhe, et al. Lightweight optimization design of car body based on sensitivity and side crass simulation
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(10) ;: 18 =22. (in Chinese)
R4, SR, PR . BT R BUZ AT PLUR R AL BT [T]. AR 24,2011 ,51(6) <846 - 850.
Guo Lei, Zhang Hui, Ye Peiqing, et al. Light weight design of a machine tool based on sensitivity analysis[J]. Journal of
Tsinghua University, 2011,51(6) : 846 —850. (in Chinese)
TR, O, £, 5. PLAR LS R BEEESS B B S A i AF s (1] ML AR 241k, 2013 ,49(21) =11 - 17.
Yu Changliang, Zhang Hui, Wang Renche, et al. Study on method for weak link identification of dynamic stiffness of a machine
tool and optimization design[ J]. Journal of Mechanical Engineering, 2013,49(21): 11 —17. (in Chinese)
T NG A B Ak A S BT TR A SL AU TG S S 2 BRI . BUM AR £ 4, 2011 ,47(11) ; 125 - 133.
Jiang Heng, Guan Yisheng, Qiu Zhicheng, et al. Dynamic and static multi-objective optimization of a vertical machining center
based on response surface method[ J]. Journal of Mechanical Engineering, 2011,47(11) ;125 - 133. (in Chinese)
W L R OT- . THT 1) 24 SR Ak 11 oA TR VR AE A B R e A e P R R A [ T] . BUAR AR 24,2011 ,47(10) :83 - 87.
Pan Feng, Zhu Ping. Improved response surface method for constrained optimization and its application to lightweight design of

autobody structures[ J]. Journal of Machanical Engineering, 2011,47(10) : 83 —87. (in Chinese)


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20101004&flag=1

