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NASA/JPL: MSL Curiosity Rover

NASA/Zubar: Shackleton  Crater

300 K (27 C, 80 F)

208 K (-65 C, -85 F)

25 K (-248 C, -414 F)

233 K Operational Limit

213 K Survival Limit

243 K (-30 C, -22 F)

120 K (-153 C, -243 F)

Replicate Martian Rover Success?

Credit: NASA/JPL/Caltech

PSR Conditions

Mars Conditions
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Thermal Model Objectives
How much thermal energy is required to maintain
wheel motor operation and survival temperature
limits?

How long would a motor survive with no heat
generation?

NASA: Mars Phoenix Lander (Ice Sublimation -80 C (200 K) over 4 Sol)

Credit: NASA/JPL/Caltech

How does heat leaving the motor and wheel assembly
affect the immediately adjacent regolith?

What simple strategies can be derived to provide a
robust thermal management strategy?
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Assumptions and Parameters
Radiation to
Space: 2.73 K

Radiation to
Regolith: 25K

Conduction to dry/icy Regolith: 25K

Internal 
Radiation

Model:
• Simplified Curiosity Rover Wheel
• Motor Information Proprietary

• Motor Applied Lump Capacitance Model
• Other Components applied Transient Numerical Model

Environmental:
• Background of Space 2.73 K
• Regolith 25 K
• Two Types of Regolith

• Dry – 0    Water Wt%
• Icy  – 5.6 Water Wt% 
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No Heat Generation Scenario

Initial T (K) Operational Limit (min) Survival Limit (min)

273 109 181

263 93 166

253 74 149

243 50 128

233 0 102

Speed Limit
Mars: 0.1 mph
Lunar: ?? mph

Credit: NASA/JPL/Caltech
Possible cause of a wheel failure
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Watts per Steady State Condition
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Regolith Temperature Profile

Water (Ice) 5.6 wt% 
Thermal Conductivity: 3.04 W/m-K

Dry 0.0 wt%
Thermal Conductivity: 0.0017 W/m-K
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Tips and Tricks

Rover Depot
Not to Scale

Dry Regolith Shielding
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Shameless Poster Plug


