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1. Introduction

Energy demand has been increasing due to worldwide population growth and industrialization, and
further energy saving technologies are required due to the depletion of fossil fuels and environmental
problems. Energy regeneration is one of approaches for energy saving, and a regenerative brake
mechanism using a motor and a battery is widely applied to hybrid vehicles. However, costs and
environmental burden are heavy in manufacturing and disposal, and the regenerative ratio is not
sufficient.

There exist several studies on a mechanical regenerative brake mechanism using elastic materials for
energy storing. It is reported that these mechanisms have higher regenerative ratio than conventional
one using a motor and a battery. In addition, steel materials such as stainless steel are used for elastic
materials such as spring. Elastic materials have high superiority in environmental burden or recycling.
This study focus on a spiral spring for energy storage.

It is considered that applying a regenerative brake mechanism with a spiral spring to simple motion
machines. The moving mass of transferring machines such as a gantry loader that repeats acceleration
and deceleration is small compared with automobiles, therefore the regenerated energy is relatively
small. However, the small energy can be stored effectively by the proposed mechanism, which is
expected to provide a high regenerative ratio.

An experimental system that has a regenerative brake mechanism with a spiral spring is developed,
and the effectiveness for energy saving is investigated. In addition, a controller for applying to
moving machines and a mechanical mechanism for improving a regenerative ratio are implemented.

2. Mechanical design

The rotational direction of spiral spring is opposite between acceleration and deceleration although
the output shaft of moving machines rotates only one direction. Therefore, transmission that can
reverse the rotational direction is required in the proposed mechanism. Transmission systems with
electromagnetic clutch, magnetic gears and planetary gear mechanisms are developed, and the
regenerative ratio and effectiveness of energy saving are investigated.

3. Controller design

A spiral spring and a motor are installed in the proposed mechanism. Because the spiral spring
outputs constant torque, motor control is required for accurate motion. A control method combined a
typical PID controller and a disturbance observer is proposed, and its tracking performance is
experimentally investigated.




4. Conclusion

The intended motion of the proposed mechanism for reversal rotational direction is achieved.
However, electric energy is consumed in a regenerative brake for the electromagnetic clutch, and the
regeneration efficiency is reduced. If the proposed system is assumed not to consume such electric
energy, a possibility of 38.9% reduction of consumed energy is confirmed. The mechanisms with
gears can implement a regenerative brake without consuming such electric energy, and the
regenerative ratio of the mechanism with planetary gear mechanisms is increased to 46.6%.

The proposed controller combined a typical PID controller and a disturbance observer improves
28.3% of the tracking performance, compared to a PID controller without a disturbance observer.

In this research, a feasibility of the regenerative brake mechanism with a spiral spring, which is
expected high effect of energy saving, is confirmed, and therefore applying to an actual transferring
machine such as a gantry loader is left for future work.




