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Configuration and Kinematics Analysis of a 3( Ra) PS Metamorphic
Parallel Mechanism

JIA Pu' LI Duanling' LEI Zhiqiang® ZHANG Yuankai' YANG Chao'

(1. College of Automation, Beijing University of Posis and Telecommunications, Beying 100876, China
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Abstract; The reconfigurability and unified analytical kinematics analysis of a type of 3 ( Ra) PS
metamorphic parallel mechanism were studied. According to the constraint screw system, in one
configuration, the (Ra)PS chain had no constraint on the platform, while in another configuration, it can
provide a constraint by changing the position of the inner axis of the Ra joint. The two configurations of
the limb made the 3 ( Ra) PS metamorphic parallel mechanism have four kinds of topological structures,
which had the ability to move between 2R1T (two rotations and one translation) , 3R1T (three rotations
and one translation) , 3R2T and 6 DOF. The basic principles of metamorphic of such reconfigurable axis
joint were revealed by investigating the correlation of the corresponding screw systems consisted of line
vectors. A limb that can be used to construct a type of parallel mechanism was proposed. The sub-phases
of the limb that accompanied the phase change of a specific reconfigurable axis joint were enumerated and
the constraints corresponding to each phase were analyzed based on the reciprocity of the screw. Based on
the analysis of the driving scheme, a unified kinematic modelling method with one configuration as a
special case of the other was proposed through the difference between the two configurations of the limb.
Four kinds of driving schemes and four kinds of unified kinematic models covering 3 ( Ra) PS metamorphic
parallel mechanism were established. The drive selection scheme of 3 ( Ra) PS metamorphic parallel
mechanism and the unified kinematic model covering four configurations were established. The inverse
kinematics and forward kinematics were solved analytically, and the theoretical results were verified by
numerical examples. The proposed metamorphic parallel mechanism laid a foundation for the workspace,
path planning and control of the metamorphic mechanism.

Key words: metamorphic parallel mechanism; reconfigurable joint; constraint screw; configuration

analysis; kinematics analysis
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Tab.2 Results of inverse kinematics
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B, = -0.056 rad, B, =0. 177 rad,

B3 = —-0.135 rad

H T AN [) F) 4 20 A7 N 8 25 S0 O R AN AR
[F) o IR figh st 2% Ay 280 Xk 7 4 g A e B R I RN B F 17
frE AR

R =R (x,l)R (y,l)R(z,o. 462) =

8 8
0.827 -0.411 0.383
0.543  0.762  -0.354
-0.146  0.500  0.854

Ro=R (s )R(rg ) R(x5) =
0.854  -0.354 0.383
0.489  0.798  —-0.354
~0.180 0.489  0.854

R, =R, =R,

P, =(8.27,-4.20,20) P, =(2.53,-1.54,20)
P, =(7.029, -1.513,20) P, =(7.029,0.487,20)
TEAH 3(Ra —2)PS T, %8 x.y.z W3 /8
TR FE R R, 3 H 8l F & J5 6 9 060 B A8 b5
P PR (15) B 3 DMAFR T FER A E S8
TEFAI2(Ra—2)PS—1(Ra—1)PS F,%¢x .y 2z il
55l m/8 WIREREFLME A R, , 97 6 J5 A L B AR R
P, i35 (15) IS A0 RE nl SR A B2 S8
ML E R T AT 4 0, IR ERALA A
HOEALE x oy oz FhEy 3 A Fe g, R E T Y A e
HEME R, R, 5 R, MIF .
VGRS E S P, ATARYE Ry FIxX(15) 1Y
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HI T 3(Ra —2)PS [N 6,3 5 A 2
W P, R TEL E L3580 R, e AR )

B E S8 — 32 Bl 7 1E i B9 0 B J7 i 7 M O Ik
PLH 3 (Ra) PS {4 — M BUE AT 16 4>, £ 3 ~ 6
3 50 H A R R 8 RSO L A A S s 4

%3 3(Ra-2)PS ER%HI
Tab.3 Forward results of 3(Ra—-2)PS rad

it S 1 2 3 4
a, +0.613 +1. 100 +1.234 +1.192
a, +1.193 +1.289 +1.354 +1.114
a, +1.190 +1.080 +1.062 +0.279

%<4 2(Ra-2)PS-1(Ra—1)PS IEfEEH|
Tab.4 Forward results of 2(Ra—-2)PS—1(Ra—-1)PS

rad
i th 28 1 2 3 4
a, +0.613 +1.100 +1.234 +1.192
a, +1.193 +1.289 +1.354 +1.114
a, +1.190 +1.080 +1.023 +0. 343

%5 2(Ra-1)PS-1(Ra-2)PS IEfE L
Tab.5 Forward results of 2(Ra—-1)PS—-1(Ra—-2)PS

rad
i S8 1 2 3 4
a, +1.307 +1.366 +1.427 +1.219
a, +1.067 +1.155 +1.236 +1.169
a, +1.161 +1. 111 +1.049 +0.294

%6 3(Ra—1)PS FEfEEH]
Tab.6 Forward results of 3( Ra—1)PS rad

fth S 1 2 3 4
a, +1.386 +1.390 +1.521 +1.285
a, +1.032 +1.038 +1.236 +1.178
a, +1.161 +1.117 +1.049 +0.294
Ay
6 Zit
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(2) MR A5 38 3l 29 3 20 M R B, % T A [8] 1)+ 7
LR A PR IR B T 58 o e PR LR N Y e e 1A
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(Ra) PS SCHER 2 82 AR I 0] AE, 72 LA 1
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