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Fig.4 Relationship and contour between the first frequency and the design variables
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Tab.1 Optimization results of the new objective function

itk EIREE iR sy AT

Tk JiiR/kg /em? kg /Hz
fmincon 18.8822 8.0 43.3300 25.4711
AL 15.866 7 78.5 42.8135 25.063 2

MR T PR Es R LA LUE 3 R
WAE R fmincon EARAS B T BT KGR RN
R EAEGEA , JUAAS 20 S5 FT AT, A5 2
(25 5 5 fiff B st A% S AR AL 1 45 1 55 2R fmincon
AL EE A L, 207 & B8/ 3. 015 5 kg, #F
BN 0. 15 em®, B8/ 0. 516 5 kg, Feii
/N 0. 407 9 Hz,

4 HRIF

T4 - UPS — UPU 75 [a] FRHRAILAY 19 584 51
SRR A3 AT T AT 1 0 R AR A i 1
TR (SRS IR VR 87 & i) AR TR R AR
BN T LA R B BT R AT 25 A Ak
HARREL, o T DAIIFRMLA iz st e rh 5 K3
FRI IR ASTE RE AN 5 AN 9K ST 1 Foe K sl iz g B il 4%
PR 2R T 72, B 3t fmincon PR ZI0ORT 38t 4% 53035 A Fil
DAL T S8 T 4 — UPS — UPU =5[] JRHR AL 3l °F-
G A S BRSNS S BN ki I, 3
-4 i AR AL BT A9 36. 64 kg 43 B Ak IS 1
18. 882 2 kg il 15. 866 7 ke, J:- I HLAL (14 TK Zh #1388 i
FUONMEALHT (4 6. 36 em® 43 51l & K 4L J5 Y 8. 0 cm?
F17.85 em® Xt ELAMHT T ORARSE S 580 TRz H
TR ) e L2548 o

10

11

12

13

14

15

s % X #t
Chen Xiulong, Feng Weiming, Sun Xianyang, et al. Kinematics analysis of a parallel coordinate measuring machine [ J ].
International Journal of Advanced Robotic Systems,2013,10:1 -6.
MR JE, #hSit, AR EL. 4 — UPS — RPS %5[a) 5 [ i BE IR IZ sl 0 [ ] 4O AL A4 , 2013 ,44(8) 257 - 261.
Chen Xiulong, Sun Xianyang, Deng Yu. Kinematics analysis of 4 — UPS — RPS spatial 5 — DOF parallel mechanism [ J ].
Transactions of the Chinese Society for Agricultural Machinery,2013,44(8) :257 —261. (in Chinese)
Gosselin C, Angeles J. A global performance index for the kinematic optimization of robotic manipulators [ J]. ASME Journal of
Mechanical Design,1991,113(3) ;220 -226.
Rao N M, Rao K M. Dimensional synthesis of a spatial 3 — RPS parallel manipulator for a prescribed range of motion of spherical
joints[ J]. Mechanism and Machine Theory,2009,44(2) ;477 - 486.
Li Y M, Xu Q S. A new approach to the architecture optimization of a general 3 — PUU translational parallel manipulator[ J].

Journal of Intelligent and Robotic Systems: Theory and Applications,2006,46(1) ;59 —72.
IMNSET, TERE, XUBT. 2 A B mdl s b BRI ARz sl fb seit [ ] MUBCC AR A4, 2005 ,41(7) :94 - 98.
Sun Lining, Ding Qingyong, Liu Xinyu. Optimal kinematic design of 2 — DOF planar parallel robot with high speed and high
precision[ J]. Chinese Journal of Mechanical Engineering, 2005,41(7) :94 —=98. (in Chinese)
A gr P BRTE. IR RILTE 6 — RSS FRIKHLAR AN B RO RIAILY . JEatsgiE R2A4i 2008 ,32(4) - 19 - 23.
Li Kunquan, Fang Yuefa. Application of intelligent optimization in structure design for the 6 — RSS parallel mechanism[ J]. Journal
of Beijing Jiaotong University, 2008 ,32(4) :19 —23. (in Chinese)
Liu H T,Huang T, Zhao X M, et al. Optimal design of the TriVariant robot to achieve a nearly axial symmetry of kinematic
performance[ J]. Mechanism and Machine Theory,2007,42(9) :1643 - 1652.
Xie Fugui, Liu Xinjun, Wang Liping, et al. Optimum kinematic design of the 4R 2 — DOF parallel mechanism[J]. Tsinghua
Science And Technology,2009,14(5) 663 —668.
SRR, ABREE, KGR, fF. FET A A RKTE SR FBCHLE AU BT T]. HUBR T R4k ,2007,43(2) .55 - 59.
Zhang Lijie,Niu Yuewei, Li Yongquan, et al. Mechanism design of spherical 5R parallel manipulator based on workspace[ J].
Chinese Journal of Mechanical Engineering, 2007 ,43(2) :55 —=59. (in Chinese)
XUEsG, RERPC. S 3 [ d B IFBAL A ARS8 S~ # it [T ] HUBCC RS+ 41,2008 ,44(4) 247 - 52.
Liu Shanzeng, Yu Yueqing. Dynamic design of a planar 3 — DOF parallel manipulator [ J].
Engineering,2008 ,44 (4 ) :47 —52. (iin Chinese)
WRiE e, B, XBEL. i s [l QAR AR R AL B 2Bt [ ] Al WU 4 ,2012,43(3) :213 -218.
Chen Xiulong, Jia Shuaishuai, Deng Yu. Dynamics optimization design of high-speed spatial parallel coordinate measuring
machine[ J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43(3) :213 —218. (in Chinese)
e, BRii—, kG, TR AR IR BAURZH SB[ T]. P EPUB TR ,2003,14(10) :861 - 864.
Tang Xueyan, Chen I-Ming, Li Qing. Design and nonlinear modeling of a large-displacement XYZ flexure parallel mechanism
with decoupled kinematic structure[ J]. Review of Scientific Instruments,2006,77(11) :115101.1 - 115101. 11.
Li Haihong, Yang Zhiyong, Huang Tian. Dynamics and elasto-dynamics optimization of a 2 — DOF planar parallel pick-and-place

Chinese Journal of Mechanical



Ll Wriede 2. 2SRRGBl 12 et it

323

16

robot with flexible links[ J]. Struct Multidisc Optim,2009,38(2) :195 —204.
VI, S, RADE, 5F. Delta JRIRALE NS 2E0FFE LT ]. AU ,2011,42(10) 1197 -202.

Han Yafeng, Ma Liizhong, Wu Weiguang, et al. Elastic dynamics analysis of delta parallel robot[ J]. Transactions of the Chinese

Society for Agricultural Machinery,2011,42(10) :197 —202. (in Chinese)

Elasto-dynamics Optimal Design of Spatial Parallel Mechanism

Chen Xiulong Zhang Zhonggong Deng Yu

(College of Mechanical and Electronic Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract;: The elasto-dynamics optimal design of 4 — UPS — UPU 5 — DOF spatial parallel mechanism was
studied. The elasto-dynamic models of 4 — UPS — UPU spatial parallel mechanism were established based
on kineto-elasto dynamics. The total mass function and base frequency function of the parallel mechanism
were integrated into a comprehensive optimization objective function, and the restrictive condition of the
maximum deformation energy and the maximum dynamic stress of five driving limbs were considered as
constraint equations to perform the optimal design. The optimized methods, such as fmincon function in
matlab software and genetic algorithms were usedrespectively. The optimal parameters of the mass of
moving platform and the sectional area of five driving limbs were determined based on the optimal design.
And the correctness and rationality of the optimized method and results were verified.

Key words: Spatial parallel mechanism Elasto-dynamics Optimal design
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Design and Test of Lamina Emergent Mechanisms S-shaped Flexure Hinge

Qiu Lifang Meng Tianxiang Zhang Jiugiao Yang Debin
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; Part of the challenge in designing LEMs ( Lamina emergent mechanisms) comes in designing
the suitable flexure hinges. A new S-shaped flexure hinge used on LEMs was proposed and its structure
was designed. The bending stiffness equivalent and torsion stiffness equivalent of the S-shaped flexure
hinge was presented. By theoretical calculation and finite element simulation analysis of the design
example, the correctness of the calculation formula and simulation models was verified. The LEMs slider
mechanism base on S-shaped flexure hinge was produced. The FEA model and test results prove that this
mechanism can produce large deformation with high accuracy in operating state, when the displacement of
slider reached to 76 mm, the FEA and test results are basically the same, the deviation between them is
0.76% .

Key words: LEMs S-shaped flexure hinge Equivalent stiffness LEMs slider mechanism



