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In this paper, a hybrid model which consists of planar parallel robot with a 2-DOF arm is
presented. This manipulator design is based on cable parallel robots and a kinematic serial chain
is utilized and added to a cable parallel chain. The hybrid manipulator can provide features of
both serial and parallel mechanism. Most under-actuated parallel manipulators have a low
rotational capability. To overcome it, this paper focuses its attention on a new family of serial-
parallel manipulators. Understanding the orientability of the end-effector within this workspace
gives a measure of the ability of the robot to perform manipulation tasks. The initial goal of this
design is to increase the orientability capability of a planar two-cable robot. The kinematic and
dynamic analysis of this new type hybrid manipulator is presented. The dynamic modeling is
performed by using a combination of Lagrange and Newton-Euler methods. This paper conducts
the dynamic trajectory planning study to a novel design for the cable robots. In fact, time optimal
trajectory planning is a strategy that is used to verify this new design. Two models are considered
in the simulation part. A novel hybrid model is compared to a planar parallel cable robot. It is
verified that the proposed design allows significantly reduced actuation energy and improved
orientability capability compared to the parallel robot.
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_[(mpLZ + mchz) cos(qy +q, + 92)]‘?22
_[(mchzgz + mpLZBZ) cos(q, +q, + 92)]‘?2
=244, (mpLz + mchz) cos(q, +q, +6,) (17)
3= [_(mZLCZBZ + mpngz) Sin(ql +q;+ 92)

+ (mchl + mle) cos(q, +6,)
_(mchﬂh +myLliqy + my L0, +myL, 60,

+ mleez) sin(q; + 92)]5:
+[(m2Lc29z + mpLZBZ) cos(q, +q, +6,)

+ (mchl + mle) sin(q, +6,)
+(m1Lc1Q1 +myLl,q, + my L0, +myL, 0,

+ mlegz) COS(q1 + 92)]y
=[(myLiL;) cos g, + (myLi Lyqy +2myLy L8,

+m,L,L,0,)sinq,]d,
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_[(mpLZ + mchz)gz sin(q, + g, + 9z)]55
+[(mpL2 + mchz)gz cos(q, +q, + 92)]5’
+[(myL1L,) c0s gy + (mpLyLaqy +2m,Ly Lef,

+m,LyL,8,) sin g, ]d; 19
G,=G,=0 (20)
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_(m1Lc12 + mlez)‘h
—(m2L1 +myLe + mle)g sin(q, +6,)
_(mpLz + mchz)g sin(q, +q, +6,) (21)
Gy = (MaLyLez + myLL,)8,° sin g,
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+myL,L,0,q, sinq, (22)
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