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Abstract: To achieve the precise motion of a 3-RRR compliant parallel precision positioning stage, a
closed-form exact motion model was established and the optimized design of structure parameters was
investigated. The Castigliano’s second theorem was applied to establishment of the closed-form com-
pliance model for the precision positioning stage. According to the structural characteristics of compli-
ant parallel mechanisms, the system was divided into three symmetrical motion sub-chains. Combi-

ning the compliance equations of flexure hinge with the force transmission relations of mechanisms,
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the stiffness model of each sub-chain was obtained, and the stiffness of the entire system was calculat-
ed by summing the stiffness of three sub-chains in the same coordinate system. The proposed stiffness
model took the hinge flexibility as the independent variables in the closed form. According to the flex-
ibility matrix, the Jacobian matrix to reflect the relationship between input displacement and output
one could be derived. By comparing the kineamatic model between theoretical analysis and FEA, the
results show that the errors are within 1. 0% ~9. 5%, which illurastrates that the proposed kinematic
model is correct and precise. According to the closed-form Jacobian matrix, its sensitivity to structu-
real parameters was analyzed,then the design variables with greater impact on the kinematic properties
were chosen. By taking the maxmium workspace as a target and the hinge strength, maxmium input
forces, geometric dimensions and input coupling as the constrains, an optimal model was proposed.
The results show that the optimized structural parameters can obtain more output displacements, and
the proposed model can meet the design requirement.

Key words: compliant parallel mechanism; flexible hinge; precision positioning stage; kinematical

property; optimal design
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Fig. 2 Geometric structure of a hyperbolic {lexure hinge
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Fig. 3 Equivalent model of micro motion platform
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Fig. 4 Motion sub-chain of compliant mechanism
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Fig.5 Motion amplification of sub-chain
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dp<d=<dy, (i=1,+,10) , (4D

Hor.d, MR dy WA RN TR . du
RS B E AT € [0, 1.5 mm, ¢
€01,20] mm.l€[1,50] mm.L, €[1,100]

6,0 , (37)
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mm.L, €[1,100] mm.L; €[0.1,10] mm.L, €
[1,100] mm.L; €[1,20] mm.U,, €[0,60]um,
Ui €[0,60] pm. Uy €[0,60] pm,

(5) ks

-3 0 Ak 72 S ) OB PR 3R TR o B R
ARG EESH R 3 PR, W& il
lia) 250 i T A e M 24 SRR A T L, SR T 91 — R
R R A bR AR LM O A 1)L A5 B B AR E A
AR B AR f, R 17 iR, AR L N &
S Eh RS« Rontg— kLR HAME, K
17 AT LAAR AL, 76 3% AR A2 o FL0E 3% M 22 /N L 2
Bt K e JE R AR A A B R R =

x4 RUTTERHUELBHILRER
Tab.4 Comparative results of output displacements

before and after optimization

R CAIE TR R AL it AL %
U, /[im U, /,U-m U /,U-l‘ad U, /,U-m U, /,U-m U /p.rad
75 61 0.09 91 72 0.2

800

600 H

400 +

Target value

200 ¢

0 10 20 30 40 50 60
Steps iterated

17 fidk B AR EAE O i A 72 v i A2 4k
Fig. 17

Changes of the optimal values in process of

optimization iteration
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