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Objectives:

The goal of this three-year strategic RTD task is to develop a topologically optimized additively manufactured (AM)
rover chassis that incorporates heat switch and thermal insulation elements to enable new mission concepts to the
Moon and Mars. The resulting rover chassis will be a mutlifunctional thermal-structural system that incorporates high
performance thermal control systems. This year was the first year of the task and the high-level goals were to mature
the basic thermal technology elements (AM heat switch and AM thermal insulation), as well as develop a notional rover
chassis design. The final goal will be to qualify at TRL 5 an AM rover chassis that has been thermally/structurally
optimized and incorporates a heat switch and insulating elements.
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Figure 1: The thermosyphon heat switch test article schematic and hardware are shown on the left. Test data showing the thermosyphon
behavior is shown on the right. For low heat loads ( 0.5 W between 35 min and 49 min) the thermal conductance is low at 0.03 W/K (the
switch is off), for high heat loads (30 W between 49 min and 61 min) the thermal conductance is high at 4.1 W/K (the switch is on). The heat
switching is passively activated by the interaction of the heat load and the working fluid and the non-condensable gas within the
thermosyphon. Here a turn-down ratio of 124:1 is shown.

Figure 3: Preliminary test results of the
topology optimization algorithm bein
developed to optimize the thermal-
structural performance of a AM rover
chassis. This early result shows the
structural optimization of a rover chassis
with structural boundary conditions to
simulate a mobility system, camera mast
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versions of the algorithm will increase
the node number (fidelity), and
incorporate a thermal optimizer that is

wﬁq ; coupled with the structural optimizer.
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Figure 2: The additively manufactured structural-vacuum
insulation is shown above along with the test setup used to

evaluate its efficacy (right). The principle is to integrate a B /
hermetically sealed cavity around the region that needs to Insulation

be insulated, and to evacuate the cavity. This capability
provides high-performance conformal vacuum-flask style
Insulation. Testing and analysis showed that integrating an
evacuated region can reduce the effective thermal

conductivity of the parent material by more than 100x. f\?roling

SVI coupon test setup schematic
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