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Realization of nonlinear stiffness using a non circular spool mechanism and

optimal design of the transition trajectory of the stiffness profile
Nicolas SCHMIT* and Masafumi OKADA*

*Department of Mechanical Sciences and Engineering, Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550, Japan

In this paper, we propose a mechanism which realizes a nonlinear rotational spring from
a linear translational spring. Using an actuator, it is possible to switch between two different
nonlinear stiffness profiles that can be designed independently. This mechanism is based on
two non-circular spools, a differential mechanism, and an actuator used to change the stiffness.
The first spool realizes the two nonlinear stiffness profiles, while the second spool is used to
adjust the tension of the spring when switching the stiffness profile. We detail the conditions
under which a nonlinear stiffness profile can be realized by a noncircular spool, and propose
a method to correct the stiffness profiles when they are not realizable. We show that through
the design of the second non-circular spool (the one used to adjust the tension of the spring)
it is possible to optimize the transition from one stiffness profile to the other one so that the
torque of the actuator is minimized. We show an example of design for the suspension of a
legged robot where the nonlinear spring can be changed from a hardening profile to a softening
profile, the profile transition being optimized in order to minimize the actuator torque.
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linear spring

Fig. 1 Realization of a nonlinear spring using a non-

circular spool
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Fig. 2 Desired torque profiles
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Fig. 4 Torque profile seen from the main spool axis
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Fig. 8 One DOF robot with a double profile spool

mechanism realizing a nonlinear suspension
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