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Introduction: A high temperature (HT) actuator 

capable of operating in the harsh environment found 

on the surface of Venus has been built and tested at 

JPL’s Venus Materials Test Facility (VMTF) [1,2]. 

The actuator has been used to power a rotary-

percussive rock sampling drill operating in carbon di-

oxide gas at full Venus temperature and pressure (see 

Figure 1). The technology can be scaled to power oth-

er mechanisms for planetary exploration in harsh envi-

ronments, such as deployment devices, manipulators 

and mobility platforms. 

 

 
Figure 1. Venus rock sampling drill with results of 

drilling trial performed at Venus temperature and 

pressure (VTP). 
 

Actuator sizing for the high temperature environ-

ment must account not only for variability in the driven 

load but also for reduced torque and efficiency availa-

ble from the motor. Analysis and testing is underway 

to investigate these effects. Life testing is also planned 

with the goal of demonstrating margin against pro-

posed mission sampling timelines. 

Motor Torque and Efficiency at High Tempera-

ture: The drop in motor torque and efficiency at ele-

vated temperature is due to two important temperature 

dependencies which must be accounted for when de-

signing for operation across a wide temperature range. 

The first is the increase in electrical resistance of the 

motor coils at elevated temperature, which both in-

creases i
2
R losses in the motor and decreases the theo-

retical stall current (and therefore stall torque) of the 

motor for a given supply voltage. The second is the 

reduction in magnetic flux linkage density between the 

rotor and stator. This decreases the motor torque con-

stant Kt, which, in turn, reduces the stall torque of the 

motor. The motor speed constant Ke is decreased by 

the same amount, thereby increasing the no-load speed. 

The overall effect is a reduction in both maximum effi-

ciency and maximum power output which, incidental-

ly, occur at different operating points [3]. 

Motor Performance Testing: The continuous out-

put torque of the drill motors is limited by their ability 

to dissipate waste heat generated in the coils. Constant 

torque load dynamometer tests were performed at 

room temperature and 482°C under Earth atmospheric 

pressure to determine the steady-state temperature rise 

under each condition. As expected, the increased re-

sistance of the motor coils at high temperature limits 

the motor’s continuous output torque capability. How-

ever, the thermal endurance of the motors improved 

significantly in drilling trials in the simulated Venus 

atmosphere, likely due to the combined benefits of 

good thermal conduction to a massive heat sink (i.e., 

the drill) and enhanced convection in the high pressure 

carbon dioxide atmosphere. 

Modeling and Simulation: Like ordinary brush-

less DC motors, custom HT actuators can be designed 

to meet mission requirements using conventional mod-

eling and simulation tools. If the temperature depend-

ency of winding resistance and magnetic flux density 

are known, motor performance at any temperature can 

readily be simulated. 

Summary: HT actuator technology is available to 

meet the needs of planetary exploration missions to 

harsh environment destinations such as Venus. Con-

ventional methods can be used to size these actuators 

and account for losses at high temperature. 
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