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Suspension for Safe Torque Control of Human-Collaborative Robot*

by Tsuyoshi SAITO** and Hiroyasu IKEDA**

Abstract; Recently, a new type robot sharing work space with persons has been under research and
development for use in carrying heavy objects not only in factories but also at outdoor working sites
and in welfare facilities. Since the general purpose of this robot is to substitute for conventional carriage
supporting equipment, a working mode in which a human and a robot carry a heavy object together in a
coordinated manner is being widely studied.

Since it is impossible to control the torque output of the load-lifting actuator not to exceed the human
tolerance, especially those of vertical articulated type, a safety mechanism that always monitors the
actuator torque output and stop the torque output immediately in case of excessive output occurrence is
essential to ensure the safe use of robots. In addition, the robot must be capable of maintaining its posture
with no supply of energy in emergency stop operation or failure occurrence.

In order to realize the safety mechanism capable of fulfilling the above requirements, a normally closed
type clutch using magnetorheological suspension and rare-earth permanent magnets is proposed in this
study as a safety device for human-collaborative robots. This magnetorheological clutch functions as a
variable torque limiter and a holding brake in robot joint axes. Aiming to achieve both good controllable
characteristics and safety performance of the clutch, the magnetic poles of internal permanent magnets
are faced asymmetrically for the improvement of magnetic field generation and the multi-sheet rotor
stricture is adopted for the increase in the amount of torque output.

An experimental result shows that the normally closed type of magnetorheological clutch can transmit
driving torque up to approx. 120 Nm by an application of exciting current of -1.0 A and output holding
torque of approx. 40 Nm which have enough applicability to the practical robot application.

Keywords; Human-Collaborative Robot, Risk reduction, Magnetorheological suspension, Actuator, Safe
torque control, Asymmetrical failure characteristics, Emergency stop function.
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General concept of the vertical articulated
type of cooperative material-handling robot.
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Fig. 8 Transmitted torque change with passage of
time under constant exciting currents.
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