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A Robot Actuator and a Safety Interlock System
Utilizing Magneto-rheological Fluid”

by Tsuyoshi Saito”” and Hiroyasu IKEDA™"

Abstract: An innovative robot system, which aims to perform lift assisting for material handling and
assembly tasks by its powered motion in response to forces applied by the user directly to its arm
or pay load, is expected to be used not only in manufacturing but also in construction, rescue
operations, home care for elders and other areas. This robot is termed a “cooperative material-
handlingdd CMHO robot.” There will no doubt be a bigger demand for the CMH robot than for the
conventional robots in the future.

Since it is inapplicable to the CMH robot that the torque output of its actuators required to lift
loads is restricted to less than the human tolerance, a safety interlock system for actuator torque
monitoring is essential to achieve safe utilization of the robot. Furthermore, the safety interlock
system must be so constructed that its failure never causes an accident even if it causes false trips.
An interlock system that meets the above requirements, however, still has not been developed due
to the difficulties in dealing with the changes of torque limit values according to robot motions.

One solution, a torque-monitoring interlock system composed of antagonistic rotary actuators by
means of magneto-rheologicalld MRO fluid and a 3-channel diverse programmable safety controller, is
examined in this paper. This interlock system judges the normalcy of the actuator torque output
by referring the amount of dead-weight compensation share included among all outputted actuator
torques, and then it enables the active motions of the robot to continue. The antagonistic rotary
actuators with MR fluid are adopted to materialize the characteristics of the normally closed type
of brakes necessary to safely stop operation.

From results of full-scale testing using a robot arm model, it is confirmed that the proposed
interlock system executes the objective interlocking sequence under the condition of the above
asymmetrical failure characteristics and achieves safety performance sufficiently to ensure the user’s
safety.

Keywords; Risk reduction, Human-robot cooperation, Actuator, Safety interlock system, Asymmetrical
failure characteristics, Magneto-rheological fluid, 3-channel diverse programmable safety controller
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handling work by robot with human.
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Fig. 2 Schematic structure of normally closed type of
MR clutch.
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Table 1 Specification of normally closed type of MR
clutch.
NCOMROOOOOOODOO
Magnetic circuit part

Material : SS400
Outer diameter : 248 mm
Inner diameter : 80 mm
Length : 47 mm
Mass: 10.5kg
Width of magnetic poles: 10 mm
Gap between pole and disk : 0.3 mm
Permanent magnet part
(composed of 3 sector-shaped permanent magnets)
Material : Barium ferrite
Outer diameter : 215 mm
Inner diameter : 137 mm
Thickness : 10 mm
Electromagnetic coil
Number of turns : 570 Tum
Wire diameter : 0.55 mm
Electric resistance : 25.3Q
Output disk (including output shaft)
Material : SS400
Outer diameter : 220 mm
Inner diameter : 75 mm
Disk thickness : 5 mm
Mass:2.8kg
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Fig. 3 Difference of magnetic flux density distribution
caused by the alignment of magnetic polarity.
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Fig. 4 Relationship between magnetic flux density and
exciting current of coils.
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Fig. 5  Hysteresis loop of transmitted torque versus
exciting current.
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Experimental model of cooperative material
handling robot.
ooooo0ooooooooooon

Shoulder joint
|

Fig. 16 Schematic structure of experimental robot
arm.
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Table 2 Specification of experimental robot arm.
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Degree of freedom: 2
Payload: 20 kg
Link length: 0.55 m (Primary link),
0.45 m (Secondary link)
Link mass: 12.0 kg (Primary link),
6.0 kg (Secondary link)
Maximum axis torque : 280 Nm
Axis motion range : 0 ~2.0 rad (Shoulder),
-2.0 ~ 0 rad (Elbow)
Maximum axis speed : 1.0 rad/s
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Experiment of cooperative material handling
using experimental robot arm.
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Fig. 17 Example of experimental result of cooperative
material handling.
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Fig. 18  Schematic configuration of interlock system

for torque monitoring.
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Parameter table

| Calculation of current reference
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@ : Emergency stop sequence, @ : Adding, X: Comparing

Fig. 19  Torque monitoring sequence established in
safety controller.
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