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Grappling robot based on wire mechanism to overcome disconnected terrain
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Abstract: The robot proposed in this study overcomes disconnected terrain by controlling a wire with a hook
when it meets a disconnected terrain. A hook made of a link structure was designed to catch a structure, and
a metallic flexible wire with a convex cross section was connected and controlled. In addition, a
multi-purpose support was designed to supplement for the drooping of the wire and to overcome the edges. It
recognized the disconnected terrain and the other features using a laser sensor, and developed an operation
process to overcome the disconnected terrain by operating actuators in harmony.
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(a) Wheel driving mode (b) Wire-hook mode
Fig. 1 A prototype proposed in the research
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(a) Open hook view (b) Closed hook view
Fig. 2 Hook design
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(a) Convex cross sectioned view (b) Rollable mechanism
Fig. 3 Design of flexible wire
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(a) Wire case (b) Assembled view of wire case and hook
Fig. 4 Wire case
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(a) Front shockabsorber



(b) Rear shockabsorber
Fig. 6 Shockabsorber
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Fig. 7 Multipurpose support design
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(a) Top view

(b) Side view

Fig. 10 Coordinate systems
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My, My = Weight of part a, part b, part c
mpg = Weight of body
G, Gy, G, = Center of mass of part a, part b, part c
G, = Center of mass of body
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Fig. 12 Center of mass of entire body
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Fig. 13 Schematic drawing of a robot
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(a) Before the wire is pulled (b) After the wire is pulled
Fig. 14 Process of overcoming

XM= R,(F,)— Re(Mg)
= R,(F,)— Rg(mg * cos(6,))
= &(F,) — Rg(mg + cos(6,)) @)

if XM =0 (when 0,~0°)

Jo Ro(mg -8 cos(6,)) _ RQ(:'la) (e= CP - sin(0,)) )

_ 268.79mm (5.14kgf)
21.66mm « sin(6;)
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Force for rotation at corners
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Fig. 15 Force for rotation corners
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Fig. 16 Schematic drawing of a robot using multipurpose support
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Fig. 17 Force for rotation corners with multipurpose support
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(b) Right target recognition followed by grab
Fig. 23 Target recognition algorithm through laser sensor
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Distance(m}
First | Second | Third | Fourth Fifth
Velocity(em's)
0.1 1.3 1.3 1.3 1.3 1.3
0.25 1.3 1.3 1.3 1.3 1.3
0.5 1.3 1.3 1.3 1.3 1.3
0.75 1.35 1.3 1.4 1.41 1.26
1 0.97 1.59 0.97 1.45 1.1
5 0.72 out 157 0.72 out
10 out out out out out
Fig. 24 Target recognition test result
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