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Abstract

The overarching objective was to develop a method of directly observing the output torque of a Harmonic Drive actuator. 
The specific objectives were to (1) explore the feasibility of using strain gauges directly mounted on the Flex Spline for 
torque measurement, and (2) develop a circuit board capable of resolving a torque signal from a set of strain gauges 
mounted on the Flex Spline.

Tutorial Introduction



a) Torque feedback enables compliant motion and is needed for dynamic systems which interact with the physical 
environment. Both planetary and terrestrial robots such as MER, Mars 2020, Robosimian, ATHELTE, Lemur, and 
EELS rely on Harmonic Drive gearboxes to actuate their respective arms and legs. 

b) To directly observe the output torque of individual joints, modern methods include the use of torque sensors. These 
are often massive, difficult to integrate, and costly. To overcome these pitfalls, this proposal replaced the torque 
sensor with a set of strain gauges located at the flange of a Harmonic Flex Spline, thereby taking advantage of 
existing hardware and reducing mass, simplify packaging, and decreasing cost.

c) Our initial findings show that it is feasible to integrate strain gauges on harmonic cups for output torque measurement. 
Future JPL Missions such as Exobiology Extant Life Surveyor (EELS) will require joint torque knowledge to traverse 
down hydrothermal vents on Enceladus and this technology will enable that capability.
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