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Proposal for a Compact Optical Torque Sensor Using a
Structural Integration Method

KAWAGOE Kiyomasa

The rotational joints of collaborative robot arms require force control to prevent damage to people or objects they
come into contact with. This is achieved by measuring the forces applied to the joints using torque sensors. The
simplest method for force measurement in these joints is a stacked configuration using commercially available
strain gauge torque sensors connected in series. However, this approach increases the volume and mass of both
the torque sensors themselves and their mounting structures. To avoid this, integrating strain-gauge torque sensors
into the rotary joint for miniaturization incurs an additional cost of several hundred thousand yen per unit, solely
for the sensors.

This paper focuses on optical torque sensors, which feature a simple measurement principle and can be config-
ured for around tens of thousands of yen. It proposes a compact torque sensor integrated with the rotary joint.
This employs a structural integration method in which the magnet-retaining plate of the magnetic encoder on the
output shaft side serves as a shielding plate, with the photointerrupter and adjustment mechanism arranged con-
centrically. This reduces the axial dimension by 52% compared to the stacked-optical-torque-sensor method. This
contributes to a weight reduction of 0.05 kg for the joint unit incorporating the torque sensor. Furthermore, in a
desktop calculation for a 6-axis arm using this joint unit, an increase in payload capacity of 0.15 kg was evalu-

ated. This represents a 7.5% increase in payload capacity compared to collaborative robots with similar output

and posture capabilities, demonstrating the effectiveness of this approach.
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