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Tutorial Introduction

Abstract

An electric actuator incorporating novel features for thermal
management is designed and analyzed. Reducing intra-actuator
thermal resistance is not only beneficial for cold missions (helping to
pre-heat the gearbox) but can also enable high power applications in
benign environments. The proposed design increases the thermal
conductance between the motor windings and the motor casing by at
least two orders of magnitude over the state of practice actuator
designs. The design leverages Additive Manufacturing (AM) to
integrate a complex 3 dimensional Oscillating Heat Pipe (OHP)
directly within the actuator structure. An analysis of a proposed
revised design incorporating OHPs into the input structure indicated
100 times improvement in thermal conductance over base material.
Thermal enhancement leads to 10 times improvement in actuator
power density.
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Problem Description

a)

b)

Context (Why this problem and why now): Thermal management of actuators has been a problem for every flight
mission. For example, MSL'’s robotic arm actuators are typically not operated until noon, needing to take full
advantage of ambient Martian conditions to passively pre-heat the lubrication within an actuator’s gearbox. A new and
more direct engineered thermal path from within the electric motor (which generates heat and requires cooling) to the
gearbox (where lubrication must be pre-heated) is needed to create a significant improvement to both the thermal and
temporal efficiency of JPL’s flight actuators specifically to time limited and power limited missions such as
Europa Lander.

SOA (Comparison or advancement over current state-of-the-art): Comparison with Current JPL flight actuator
(MSL WATER): Inefficient thermal management (Both overheat concern at motor, and heater power required to warm
up gearbox), Comparison with Industry: Only very large actuators with cooling channels (JPL requires a miniature
version to accommodate on the robotic arm / heat rejection and transporting heat to the gearbox)

Relevance to NASA and JPL (Impact on current or future programs): Short duration Ocean worlds cannot rely
upon environmental heating for their actuators. By harvesting waste heat from the electric motor to thermally condition
the gearbox, missions such as Europa Lander can perform more science in less time with less power. For this
technology the following category of missions are enabled: 1. Time limited missions requiring rapid sampling (Europa
Lander) 2. Power limited missions (Ilcy moons) 3. Missions require high power density (Helicopters, swimmers, and
melt probes)
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Methodology

a) Formulation, theory or experiment description
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b) Innovation, advancement

*Use additive manufacturing techniques
(PBF) to efficiently bridge the heat source
(electric motor) to the heat sink
(gearbox/housing) with 2¢ OHP
(Oscillating Heat Pipe)

+100x improvement in thermal
conductance over base material (Inconel)

*Thermal enhancement led to 10x
improvement in power density
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Conductance Date!*for Actuator Input Structure OHP Tests
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* Working fluid: R134a
. Fill ratio: 51% @ 18.5°C Preliminary results show that 3D printed input structure
.« OHP volume: 6.09 mL with 2¢p OHP improves the thermal conductance by a

factor of 2.25. Additional tests with different fill ratios
* Dead space volume (ports + valve): 0.11 mL

expected to improve the performance.
« CAD based OHP volume: 7.27 mL
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