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This paper reports on the development of a roller-cam clutch mechanism. This mechanism can
transfer bidirectional torque with high backdrivability, as well as increase actuation energy
efficiency, in electrical exoskeleton robots. The developed mechanism was installed at the robot
knee joint and unclutched during the swing phase which uses less metabolic energy, thereby
functioning as a passive joint. The roller-cam clutch aimed to increase actuation energy efficiency
while also producing high backdrivability by generating zero impedance for users during the
swing phase. To develop the mechanism, mathematical modeling of the roller-cam clutch was
conducted, with the design having more than three safety factors following optimization. Titanium
(Ti-6AL-4V) material was used. Finally, modeling verification was done using ANSYS software.
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F,,F = The normal forces generated via contact
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F,,F, = The resultant forces of normal and tangential forces

= The tangential forces generated via contact

o, = Strut angle

R, = The inner radius of outer race
R. = The radius of inner race

R_= The radius of roller
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R, = The outer radius of the outer race

N, = The number of rollers

1 = The coefficient of friction

L, = The length of the roller

v,,v, = Poisson’s ratios for the inner race and roller

E,,E =The moduli of elasticity for the inner race and
roller

Thick,= The thickness of the outer race

o, = The compressive yield strength of the material
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Fig. 1 The gait cycle of normal human walking
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Fig. 2 Energy consumption of each joint (hip, knee,
ankle) and total in stance and swing phase
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Fig. 3 The mean angular velocity of each joint in stance
and swing phase
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Fig. 4 Conceptual design of a novel roller-cam clutch
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Fig. 7 Design variables which is related for mechanism

size and stress equations
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Table 2 Comparison of design variables between initial
value and optimized value

a, 15 15 °
N, 13 16 -
L 14 16 mm
Thick, 6 83 mm
R, 4 6 mm
Safety factor 3
Strut 0.19
Tensile hoop stress (o) 14.48 MPa
Compressive stress (o,) 323.38 MPa
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Fig. 10 Verification of roller-cam clutch operation via
ANSYS simulation
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