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Development of Two Types of Novel Planar Translational Parallel Manipulators
by Using Parallelogram Mechanism

Han Sung Kim"

ABSTRACT

In this paper, two types of novel planar Translational Parallel Manipulators (TPMs) by using parallelogram
mechanism are conceived. One is made up of two Pa-P (Parallelogram-Prismatic) legs connecting the base to the
moving platform. The other consists of two P-Pa legs, which is the kinematic inversion of the former. Since connecting
links in a parallelogram mechanism are subject to only tensile/compressive load and all the heavy actuators are mounted
at the base, the proposed manipulators can be applied for planar positioning/assembly tasks requiring high stiffness and
high speed. The position, velocity, and statics are analyzed, and the design methodology using prescribed workspace and
velocity transmission capability is presented. Finally, two types of prototype manipulators have been developed.

Key Words : translational parallel manipulator (4 83 W% 7|F), parallelogram mechanism (¥ ALY 7]
T), kinematic inversion (7]78t3 Zo]), prescribed workspace (TFAHE ZFY), velocity
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Fig. 3 Workspace analysis of a 2-PaP TPM
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Table 4 Design parameters of 2-PaP and 2-PPa

‘2‘_f —‘i—%i Ti:’i; ;j; f’ OL;_] E;:;%:}% j‘].:]} :}: ;]li-} Performance 2-PaP 2-PPa
a8 e 3ol F8T T, AHHIA T — we3 | 006
dan =20 vANSUD Wad, 14e5e orkspace (2w) 173.2 mm 260.0 mm
Q7] PHME B =Fo)A AAEE 43w} Stroke.(Ad) 173.2 mm 300.0 mm
H W ALRT SaFe ¢ & Yok Total size (a) 265.0 mm 482.0 mm
Additional Izzlz(())%on’:’n:“ I, =260.0 mm
Table 2 Comparison of 2-PaP and 2-PPa parameters b=92.0 mm
£ =55.0mm
Performance 2-PaP 2-PPa Velocity 2731.8 mmy/s 1000.0 mm/s
(6, =60") (6,=30") Force 109N 408.4 N
Decoupled Always At one point
GDI 0.5 0.634
Workspace/stroke 1.0 0.882
(2w/Ad) | (Ad =2l 5in6,) (Eq. (26))
Workspace/size 0.928 0.667
(2w/a) (Eq. (7), b=t=0) | (Eq. (26), b=0)
Velocity & Force} v=(I, /y)w,> v=(p/27)w,
at 6,=0,=0" f=(y/L)y,< f=Qzlp),

(0,3 7,: 28 3AEE 2 E3, y& p: 7FF
v 2 2ol o) A)

Table 3 Comparison of the perpendicular and parallel
arrangements of linear actuators in 2-PPa

Perpendicular Parallel
Performance . .
6,=60,=0") | (6=0,=45)
Decoupled Yes No
Velocity Larger Smaller
Transmission (LDI=1.0) (LDI=0.707)
Axial and
Load Axial force xiatan
transversal force
4. AEHE dA
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& A3y 2-PaP 7)F9} 2-PPa 7179 AAEE
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Fig. 6 3 Fig. 7€ 77 2-PaP 7|7 % 2-PPa 7|7
o] AZAE AIRE el Aol d¥E B9
T 7179 A FE g FAFAHE FUAsGo

Fig. 7 Prototype 2-PPa TPM with linear actuation
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