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Direct Kinematics of Planar Parallel Mechanisms
Based on Conformal Geometric Algebra

HUANG Xiguang, HUANG Xu

(School of Mechanical and Materials Engineering, North China University of Technology, Beijing 100144, China)

Abstract: A novel algorithm is proposed to solve the direct kinematics problem of arbitrary planar
three-legged parallel mechanism composed of revolute joints R and prismatic joints P based on
conformal geometric algebra (CGA). It is proved that there exist 1 140 possible forms of planar
three-legged parallel mechanisms composed of revolute joints R and prismatic joints P by using
combinatorics, and the equivalent mechanism model covering all these 1 140 forms is presented in
terms of the constraints of each leg length. The mathematical model of the equivalent mechanism
is built by using the expressions of rotation and translation under the CGA framework. Using the
simple linear elimination, the symbolic input-output equation with 6th degree can be deduced
from the mathematical model and all solutions can be obtained. Two numerical examples are
given to demonstrate the efficiency of the algorithm based on Maplel6. The results show that this
algorithm can simplify the computation and is suitable for computer programming.
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PO Dpsibey (Pic 08D ooy (Pocpibo —
2P5 P50 — Poubsaqi) T piapoy (i — P30 (gf —qi)
D2DsyDse (p3.—q5) Q2 ps, — ps.) T
Doyt 2pscpoe T+ piy— pie — p3) T (Pocpiyps —
Prbegi = PRpE oy T PR PE ) (2P — ps.) ]

s =2 (2pay sl oyqs — pocqi + paql) (ps.—
Po) T p3pi 3pe —2p5.) T pipiy (P, —2ps, )+
Do 3ps. —2p6) T o pse (Spscpo. —2p5 —

2p5. =650+ po3qi (—4ps, +3ps)+
Do (Tpsepoe— 2P, —2p8, —6pi )+
Pocbsqs 2pi. T 205, —3ps.ps) T pabangt (P —
Apscpor T 36 T p5) T psups.qs (2ps.ps. —3pi.—
pe) tpipe. (gt — @) T papi. (pi,— g+
P30 (pse —2ps) = papoqi (3pi, + piy i, —
Apscpo)  ponqs 2ps.pi, — pi. +2pspi —
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P i) T po (qigh +piigi) (2ps, — po) +
Dot (Spsple T Tpsuply —2p8 —2p%por —
2ps i) T Pip s (PI,—q3) (3ps, —2ps) —
Prpsybey 2pscpo. T2p5, F2pi.H2pi)+
Psatoe P — @)+ pipsgt (3ps, —4ps.) +
Pasoy 2ps.poqi — po—qi —qz —2pi.pi.t
205.9%) T o395 (25, —3pa) T posps. (3psapi, T
Bpsclocbiy — Poy T 2PL Pl Poe — 2P3DE,
208080 F2Php s ponqs T paci (3ps.pis - papiy —
2psply = Phbo —2P8) F2puipaipaybrilsy (4Ps, —
D)t ps iy 2psips. —2p5 —2ps, — pi) T+
Do Cps T pociy = 2ps.piy — 2ps.pi) T
Pocsy C Psybse = 2Posy) T popi s (2¢5 —
Pi) Tt pap %; (2p5.q5+ ps.q1) + por (Psqiqi —
Perq @ = Psaqs) T pacpse (g — pi) (g —qi) +
2050 6xq QT 2P0 s oy (g —q3) T
2p5eb sl sy (Poe— Ps) 25 payps, (@3¢5 +
P0G @ (— ps.H2pe) F2p5ps. (— popi —
Pssbscsy) T pips: (g —q3) ]

7 =2papoy (Pt pi)(—pl.—pi)+
2ps.bi oy (PL = 2pspo. T 2pE H2pE) +
2ps, (PApE —qi Gt — prpi — prqi T pipi) (psa—
2p6) TAPLPLpoy T 2P0.45 poy (i, T piy) T
Ap3.psctsy (P2t pi T P8 — psats) T
Apslsit o (Poe— Ps) = 2payp3uqs (Pse —2pe) —
Apslscbocloqi T2p0poyqi @ —6po ey (gf +
Pit @) = 2p0piipey (g T p5 i)+
20205, (i G P2qE — @ q3) — A ps.peyqs (g +pi) +
ApSpsilsslon T2P5uPsyP50qt —2PsyP50q i g5 T
205D 5sP5:qt T 205 P0u 5005 2P0 D505 45
2P Pt =60 ph oy T 2Psu Pt (PR —Apspe. T
Piy 308 =23 pipes T 20006k T 205, P5.q7 —
203,05:05 F2ps.poyqi T 2P0 5oy T 205 06,q2 —
2pssPocbre — 253D 6:qs TAP2psp gt (Po— 2050 1
252 (psably = 2pacpty = Piubo —2p5. T
3pscli) TAPLPL oy 2L Py (Bps i —
2P T 2P5por T D5l 2PebE) T 2pouboyql

2pssp5:q3 (2ps5.po. —3pi. — i)+
2P0 posqt (Aps.poe— P — pia— piy) T
20505, (Pse—2pPs) T 2p5,q1 (pse — po) +
Apspiipoy (D3, — @) Fdpopapso (Ph— @)+
Apipsypocqs AP pscpoy (P34 T2¢0)
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