Research Paper ISSN 1976-6300

Journal of Aerospace System Engineering EISSN 2508-7150
Vol.11, No.6, pp.26-33 (2017) https://doi.org/10.20910/JASE.2017.11.6.26

B3 =a 7z spde) /bAY FY=E 44
2P . =A% o) B2 Zjltgﬁal.a.f

2 A e
9] 2 7 AE 3k
3 gl 8t KAU 23 ALE]
Design of a Transformable Spherical Robot Based on Multi-Linkage Structure
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Abstract

We propose a variable frame structure connected with telescopic mast-shaped shaft for a robot displaying
outstanding ability to cross obstacles, and for effective traction control. The wireless control system was built
to extend and contract a deployable mechanism, which is shaped into a hoberman sphere assembled with
frame structures. In order to develop important parameters for efficient locomotion, we derived an Euler-
Lagrange equation for the spherical robot. According to the equation, the DC motor was selected. A
prototype mechanism was tested and a Finite-Element Analysis (FEA) was conducted in parallel. Using these
data, we constructed a deployable spherical robot with structural stability. The deployable robot moved at a
speed of 0.85 m/s from 520 mm to 650 mm.
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Fig. 1 The proposed mechanism for exploration
to overcome obstacle whose height is
greater than radius of wheel through
variable wheel based on origami method
(a) SNUMAX][2] (b) The Deformable
wheel robot using magic-ball origami
structure[3]
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Fig. 2 (a) Ball robot[6] (b) Pendulum based
robot[7]
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Fig. 3 a. Link, b. Joint, c. DC Motor,
d. Servo-motor at slide-crank,
e. Servomotor at pendulum, f. Pendulum
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Fig. 4 a. Linkage type 1, b. Linkage type 2, c.
Linkage type 3
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Fig. 5 Locomotive principle of Slide-
Crank mechanism
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3. Theoretical analysis

3.1 Driving dynamics
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Fig. 6 Simplified model for driving dynamics
analysis[13]
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Table 1 Maximum and minimum torque according
to radius variation of exoskeleton

max min
radius(mm) 325 260
Torque(kgf-cm) 10 8.25

Table 2 Geared DC Motor
Specification

&
(Reduction ratio) L/189
Rated
Torque(kgf-cm)
Rated
Speed(RPM)
No Load

Speed(RPM)

10

44.9

52.9
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Table 4 Minimum and maximum diameter of
the spherical robot according to the
slide-crank mechanism working

Diameter min max

inner(mm) 340 510

outer(mm) 520 650
A A3 9)7e] Hd 650 mm oA HA 520
mm 744 S)-4% i AL B haE Fe
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Fig. 10 Maneuverability test of the spherical robot
in the flat ground field
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