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Stiffness Characteristic Analysis of Modified Delta Parallel Mechanism
Based on Bars’ Elastic Deformation
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Abstract; Based on the traditional stiffness mapping matrix, a stiffness mapping model of modified Delta
mechanism was established. The model considered both the influence of stiffness of active joints and
external load and the influence of gravities factor and all parts’ elastic deformation under the constraint
force on the mechanism stiffness so that it was more general and exact than any other stiffness models.
Evaluating the stiffness characteristic of parallel mechanism by stiffness matrix form was not intuitive. An
idea was proposed to evaluate the stiffness performance by the elastic deformation of the mechanism. The
static constrained forces of all joints were calculated by using the principle of virtual work. The elastic
deformation under the constrained force and gravity was calculated by superposition principle. At last,
the comprehensive elastic deformation of the mechanism was obtained by coordinate transformation
method. The stiffness characteristic of the mechanism was further analyzed.
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Fig.1 Mechanical model and description of kinematics chain
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Fig.2 Coordinate system of each chain
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Fig.3 Force analysis of a bar
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Fig.4 Deformation at tip of link
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Fig.5 Stiffness characteristic of mechanism with different positions in workspace

(a) y=-1000 mm,z=x (b) y=-800mm,z=x (c) y=-1200mm,z=x



298 P A R = 4 20134

2,y 1] ARBRMEE ORI O, UL A MR i ML RO R BE R A BT 6 B o AR B, BLAY
IRZS IR B2 e AR E S LR L 2845 5 32 JIBOR 29 R B, B S AR T A

LML Z S B FE - 1000 mm P00 Eiz s, K RIS LA A 1 (9 F T X HLR A RS A

HAEz 36 B S 0 ~1 000 N iy 6] J BRI

6

1 2 Ir
g
g 0 @ £ 0 PPN S G S S S E 0
g 1 ¥ - x W -1
S et W4t -y BB T B -2 N e
23 . e — B # 5
EA e g0 T EoAl e
o g - x AR T -8 e S T e xEEBE
=z 6 -y S i =-10 T, £ oy TS
= — cHEER ‘ = . e = — ZHI TR
0 200 400 600 800 1000 ] 200 400 600 800 1000 -7 0 200 400 600 800 1000
BV ERIZ N IZF) 6 A RS TIN SR TR )IN
(@) (®) ©
Fl6 ARz 18] AN [R] o o AL Ao T 8 1
Fig. 6 Stiffness characteristic of mechanism with different forces in workspace
(a) x 1% (b) yMZJ (c) 2%
S Ty e b
s R EEOH I
Zatle

(2) WHFEERMPLA R A B L
(1) HESL T AN SRS IBAE N B WIRERSEM AN R 22000 ) BRI I BE -5 2% AP A S 24

MRS Delta JEECHLAWIBERE R I HLMIE A O SSSR MU AR A G, B8] T ARAZE A
S AT AR T R AR O LAE [FANPRESTT AUARsAR e A LU E R PP LI

R

A P AL NI PEBE AR bR, 1207 IR0 WIBERRAE RS, AT IR UM R 2%

11

12

13

2 % x #

ARG, TOLXBE. PLgs A2 M. JEaT MU L ikE, 1993.
Piras G, Cleghorn W L, Mills J K. Dynamic finite-element analysis of a planar high-speed, high-precision parallel manipulator
with flexible links[ J]. Mechanism and Machine Theory, 2005, 40(7) :849 ~ 862.
ZEn BRR RS PR BRI AR ERRIEEITIT[T]. R0 ,1999,39(8) : 16 ~20.
Li Jia, Chen Ken, Dong Yi, et al. Study on the static stiffness of the parallel flexure joint robot [ J]. Journal of Tsinghua
University, 1999, 39(8) :16 ~20. (in Chinese)
Gosselin C. Stiffness mapping for parallel manipulators [ J]. IEEE Transactions on Robotics and Automation, 1990, 6(3) :377 ~
382.
WL Clement Gosselinz. 3-RRR V- FF ML IO W EERRPE AT [ ], ALK 272441, 2007 ,28 (1) :91 ~94.
Li Shujun, Clement Gosselinz. Stiffness analysis and stiffness mapping of 3-RRR planar parallel mechanism based on CCT stiffness
matrix [ J]. Journal of Northeastern University, 2007, 28(1) : 91 ~94. (in Chinese)
WA BTG, R, 5. A IR E S NI EE AR R LT [ 1], B TR 224 ,2008 ,44(8) .20 ~25.
Zhao Tieshi, Zhao Yanzhi, Bian Hui, et al. Continuous stiffness nonlinear mapping of spatial parallel mechanism[ J]. Chinese
Journal of Mechanical Engineering, 2008, 44(8): 20 ~25. (in Chinese)
BIER 5, BB A, BREEP I = A i BEALE N RSN BE AT 1], L4774, 2008 ,32(4) :283 ~289.
Zhao Yanzhi, Zhang Jie, Zhao Tieshi. Research on continuous stiffness mapping of planar parallel 3-DOF manipulator with flexible
joints[ J]. Journal of Yanshan University, 2008, 32(4) :283 ~289. (in Chinese)
Clavel R. Device for the movement and positioning of an element in space; WO, W08703528A1 [P]. 1987 —07 — 18.
Tsai L. W. Multi-degree-of-freedom mechanism for machine tools and the like: US.5,656,905[ P]. 1997 - 08 —12.
Tsai L W, Walsh G C, Stamper R E. Kinematics of novel three DOF translational platforms [ C] // Proceedings of the IEEE
International Conference on Robotics and Automation, Minnesota, 1996 ,4 . 3 446 ~3 451.
Stamper R E, Tsai L W, Walsh G C. Optimization of a three DOF translational platform for well-conditioned workspace [ C] /
Proceedings of the 1997 IEEE International Conference on Robotics and Automation, Minnesota, 1997, 4. 3 250 ~ 3 255.
Xu Dongtao, Sun Zhili, Shi Jialian. Kinematic analysis and simulation of the translational parallel mechanism[ C ] Vi Proceedings
of the 2011 IEEE International Conference on Advanced Material Research, Chengdu, 2011 43 ~47.
IRk, oSN, S AR PR RS ML AU R EZ S AT ()], AQHLIREAA, 2006, 37(11) :96 ~99.
Yang Qizhi, Guo Zonghe, Ma Liizhong, et al. Kinematics of a novel 3-DOF translational fully compliant parallel micromanipulator

[J]. Transactions of the Chinese Society for Agricultural Machinery, 2006, 37(11) :96 ~99. (in Chinese)



