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Recently, various industrial fields have required mechanical contact tasks to be performed by
multi-joint robot arms in an assembly environment. Therefore, it is believed that flexible robot joints
are necessary to avoid damage to a robot or its surroundings in the event of mechanical contact or
collision. Moreover, if robot joints are flexible, it is expected that highly energy-efficient motion can
be generated using the effects of gravity.

In contrast, the current general multi-joint robot arms used in industry employ drive motors with
high-reduction gears to increase the motor torque and improve encoder resolution. Because
high-reduction gears cause static friction, Coulomb’s friction and mechanical viscosity, the
flexibility of the robot joints is lost. As a result, when robots mechanically contact their surroundings,
serious problems often occur.

To achieve flexible robot joints, this dissertation proposes a new, small, and lightweight
mechanism with a variable elasticity function. The proposed mechanism has the advantage of
realizing both positive and negative elasticity. This dissertation constructs a mathematical model of
the proposed mechanism and experimentally verifies the method of utilizing negative elasticity. In
addition to adjustable elasticity, the equilibrium position should be adjustable in order to perform
various tasks. Therefore, this dissertation develops a mechanism that can simultaneously tune the
elasticity and equilibrium position by using the proposed mechanisms antagonistically. Furthermore,
it proposes a control method and experimentally confirms the control performance.

Another expected feature of flexible robot joints is that highly energy-efficient motion will be
generated by utilizing the potential energy of a mechanical elastic element and gravity. This
dissertation demonstrates control methods that improve the energy efficiency of pick-and-place and
palletizing tasks under gravity in actual factories. Furthermore, it experimentally verifies that the

proposed methods achieve these tasks in an energy-efficient manner.



