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Motion analysis of continuum robots structures with cable actuation
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ARTICLE INFORMATION ABSTRACT

This paper focuses on a class of continuum robotic manipulators that uses cables for actuation.
Continuum robots promise better maneuverability than traditional rigid-link robots in cluttered
environments, and their inherent compliance renders them gentler to objects they encounter. A
comprehensive study is presented including the theoretical analysis of the mechanical design,
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kinematics, and dynamics and tracking control of a planar continuum backbone robot. The main goal is
Continuum robots to achiev a branched cable configuration in backbone structure, with maximum rotation in addition to
Cable-actuated the maximum torque for links. Lagrange's equations are applied to the dynamic problem and the system
Back bone is controlled. This paper explores the motion limitations, yield stress and sliding problem for different
Geometry loading conditions. The cable internal forces, actuation torque and angle of rotation are investigated
during the motion. The comparative performance analysis is applied on robot structures considering
cable configuration and geometrical ratio. The simulation results illustrate the efficiency of the proposed
design and controller. Nevertheless, the field of continuum and hyper-redundant manipulation holds
great promise in the experimental and theoretical domains.
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C= E(chlc2 — 2mcycy + 2mescg — 2meqcg)

¢, = 2.0acos(26) + 1.5acos(30) + acos(p)
¢, = 4asin(26) + 4.5asin(36) + asin(e)
c3 = 2acos(26) + acos(8)

¢, = asin(20) + asin(6)

cs = acos(26) + acos(8)

cg = 2asin(26) + asin(p)

¢; = 4acos(260) + 4.5acos(36) + acos(8)
cg = 2asin(26) + 15asin(36 + asin(6))

981m (—Saczs(g) + 3acos(26) + —3aC°25(39))
¢= 100
H=hy +hy+hy+hy + hg + he + by

h; =14m

h, = m(2acos(26) + 1.5acos(36) + acos(@))2
hs = m(acos(26) + acos(@))2

h, = m(2asin(26) + 1.5asin(36) + asin(@))2
hs = m(asin(26) + asin(@))2

he = %( a?cos(8)? + a?sin(6)?)

h, = 141
) _ M
sin(B,) = lo, —o4llos — o]
sin(y) = om0 < (s —01)

|os — 04106 — 04l
0, — 04 = [r — rcos@ —a —rsinf]

T
sin(@ — E)]
—a—rsin(0 + )]

T
03 — 0, = [cos(6 — E)
05 — 04 = [-1 — rcos(@ + m)

T . T
06—04:[cos(e+n+z) sm(6+n+z)]
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