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Abstract In general, a system can be stable when it is designed with a rigid material. However, the use of a rigid
system can be limited, such as grasping a glass or using a small surgical instrument. To resolve this limitation, a
variable stiffness mechanism was developed using a flexible material. Previous research verified the variable stiffness
mechanism where flexible segments and rigid segments were connected alternately in series. However, research into
the design parameters of the variable stiffness structure is needed to satisfy the desired stiffness. Therefore, a variable
stiffness structure was tested by varying the design parameters to confirm the trend of the stiffness variation. When
the radius of the structure becomes larger, the stiffness increases. The stiffness increased with decreasing length of
the flexible segments. Under the same design parameters, the length of the flexible segments had a greater effect on
the stiffness than the length of the rigid segments. In addition, the stiffness was estimated using the pseudo rigid body
model and was compared with the experimental results. This parametric study can be used as a design guideline for
designing the variable stiffness mechanism to satisfy the desired stiffness.
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Flexible segment Rigid segment
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Fixed Point Tendon

Fig. 1. Concept of a variable stiffness mechanism. The
longer structure represents the flexible state and
the shorter structure represents the stiff state. The
state can be changed by pulling the tendon.
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Table 1. Design parameter of the variable stiffness

mechanism
Parameter Value (mm)
Diameter of the mechanism 10, 15, 20
Length of the flexible segment 12, 15, 20
Length of the rigid segment 20, 23, 25
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Fig. 2. Pseudo rigid body model of the variable stiffness

mechanism.
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Table 2. Variable stiffness state
State Pulled length of a tendon
Model 0 mm
Mode2 5 mm
Mode3 10 mm
Mode4 15 mm
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Fig. 4. Stiffness measurement: schematic drawing of

experiment
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Fig. 6. Stiffness ratio based on mode 1 result of each Fig. 7. Experimental results of the variable stiffness
experiment(Diameter 10 mm and 20 mm). Left structures(Diameter 15 mm). Left graphs show the
graphs show the experimental results of 10 mm in experimental results when the length of the rigid
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