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Type Synthesis for Uncoupled 2R1T Parallel Mechanism with
Hybrid Kinematic Branch
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Abstract; Aiming at the problems of strong motion coupling and weakly rotational capability of parallel
mechanism, a type synthesis method for uncoupled 2R1T parallel mechanisms with a hybrid kinematic
branch was proposed. Based on the output kinematic characteristics of the mechanism, the basic structure
of the kinematical equivalent branch, namely the PRR branch, was constructed by using the screw
theory. By introducing a constant-velocity-ratio branch, the hybrid kinematic branch with equivalent
motion was built. Structural synthesis of the constant-velocity-ratio branches was completed in terms of
the displacement manifold theory, and many new hybrid branches were obtained. The forms of the
actuation wrench screw, actuated twist screws and unactuated screws of single-open branch were
determined according to the actuation wrench screw theory. Then structural synthesis of the single-open
branches was realized by means of the different branch connectivity. Based on the branch assembly
conditions, type synthesis and innovative design of the 2R1T parallel mechanism with the desired
kinematic characteristics were completed. Finally, analysis of degree of freedom, kinematics and
rotational capability of the new PRRRR/( PR — RURU) — R parallel mechanism were performed. The
results showed that the mechanism was capable of two-dimensional rotation and one-dimensional
translation, its Jacobian matrix was a diagonal form, and the rotational ranges of two orientation angles of
the moving platform reached 103.48° and 125.24°, respectively. Therefore, the mechanism was a 3
DOF 2R1T uncoupled parallel mechanism with well rotational capability. The correctness and feasibility
of the proposed type synthesis method were verified.

Key words: parallel mechanism; type synthesis; hybrid branch; uncoupled; actuation wrench screw;

displacement manifold theory
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Tab.1 Structure of unactuated pairs in constant-

velocity-ratio kinematic branch
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Tab.2 Types and number of unactuated screws in
single-open branch when actuated screw was an

infinite-pitch screw
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Tab.3 Single-open branch structure when actuated

screw was an infinite-pitch screw

A~ - e
A% iz SR
FEBE JOm AN
Syt
PR, R, Uy Ct(‘Rt(‘Ru?Ru 5
IPAR  P,R,R,R,R,
CurRu'Uu'u
Pw PanRu Ru Pan Ru:Uu:u 5 Pu, Ru, Pn Uuru 5
Pu‘ Ru Pn Ru Ru PwaRwCu 5 Cu.’Pn Ru’Ru H
5 2P3R
P,R,R,PR,  CRPR,;CR,R,P
P,R,R,RP,  CP,U,;: CR,C,
P,P,PR,R,  PPPU,;:CPPR,
3P2R
P,R,PPR,  PRPC,;CPC,
P, U, RR,R,;
P,RR,R,U,,;
PIL‘ RIL‘ RIL‘ UIL‘U Ru
PM/ RV RIL RIL RIL RU R
N P,R,R,R,U,;
1P5R  P,R,R,R,RR, N
S PLULR,U,;
Pw Rw Ru RIL RURL N
- CR,R,RR,
CR U, R, 5 CR,R, U,
6 PR, R,S: C,R,S
P,P,RR,U,; P, Cer R, R,
PP, RR,R,R, - -
N P,P,R,R U, ; PanRurS
P,P,R,R,RR, - B
- Pan RurUu'L Ru 5
P,RR,P,R,R, -
B p,U P R R

2R PR,PRRE, T
P,R,R,P,U,; P,RR,R,C

w v wt n Fwe s Fw e e e M

P,R,R,R, PR,
R Pw va Rw Pn Ru 5
PM’ RM/ RM/ Rv Pll RU N
R PIL‘ RIL‘ UIL‘I? PVl RH
P,R,R,P,R,R -

wtw twt n 2t

p,R,R,P U, ;PR R CR

wtw Nt n Moy o e Mot

7o EHEHEEST 6 MBahsh, X Fnixisghal
b PER, BAFAE | DMEER A RE, A% u=
Xw=Y Hlw=2 W53 iz sk R R ge 7 7 il
AT Z 07 A s i BRI RE 0 5
3.2 §, AFTERIENE
XAE T, FahizshiRieieCrlidh 8, = [L
M N; P Q R]", T3 A ToE WIRGER 7
[ HETE OXYZ Aeprdh B, 5 3 AN Ie R IR
BELHIAE 3 A Ak bR s
M. $, 58 Ea5H 1%
$':8 =R+P,L+QM (20)
K (20) KW, B MERINE $, WILER LM
FIR A, M SITEN P HQ IR, BTN =P =
Q =0, RHEHBWHETSBIGLARE MITE L
M B AARE ARtk ] L=0,M=1, A
I, o 2 E SR
$,=[0 1 0; 0 0 R]" (21)
R L, TP 43 52 3 dhiz sh g et o] kP47 F

Y A BERE , B S EE 1 A sl AR
A LA B AT T Y

AR S5 B 5l e 5 A 32 3h s s R e HL b
BN ol B Al A7 i AR £ 3h ke, ik 4 B
Ro

®4 8 AFVHBERMNAFESZPIEENERE

HRBFEE
Tab.4 Types and number of unactuated screws in

single-open branch when actuated screw was a

zero-pitch screw
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Tab.5 Single-open branch structure when actuated
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