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Introduction:  Novel passive thermal manage-

ment technologies could enable improved temper-
ature (T) regulation for lunar surface applications 
that experience large environmental T variations 
due to the diurnal cycle. Existing conduction heat 
switch technologies have used thermal expansion 
of waxes [1], metals [2], or shape-memory alloys[3] 
to make/break thermal contact between mirror-
polish surfaces as a function of T, leading to a 
highly nonlinear thermal response. These heat 
switches are relatively mature technologies with 
impressive thermal conductance turndown ratios, 
but often require relatively large (>5 cm) thick-
nesses and ultra-narrow (<1mm) gap sizes. 

Mechanism:  Our passive nonlinear thermal 
devices make and break thermal contact between 
surfaces by leveraging the T-depedent magnetiza-
tion of the ferromagnetic material gadolinium (Gd) 
near the Curie temperature of Tc~20oC. When the 
Gd T is below Tc, there is a attractive magnetic 
force between Gd and a permanent neodymium 
(Nd) magnet that can be used to open/close a gap 
between thermally conducting surfaces. When the 
Gd T is above Tc, this Nd-Gd force vanishes and 
additional T-independent forces actuate motion to 
make/break thermal contact. The magnetic actua-
tion mechanism is reversible (typical thermal dead-
bands ~5oC), amenable to ~1 cm device thick-
nesses, and does not require sub-mm gap sizes.  

Devices: Fig. 1 shows our three passive ther-
mal management devices that leverage T-depend-

ent Nd-Gd interaction. Fig. 1(a) illustrates an oscil-
lating thermal diode inspired by previous research 
using microfabricated Gd devices [4]. The oscilla-
tions of our macroscopic diode enable unidirec-
tional heat transfer when the T bias is aligned with 
the direction of gravity, and have achieved thermal 
rectification ratios >25 in ambient enviroments. Fig. 
1(b) illustrates a non-oscillating thermal relay, 
which is a three-terminal device in which the Gd T 
gates the heat flow from the thermal source to ther-
mal drain. Lastly, Fig. 1(c) shows a non-oscillating 
passive magnetic heat switch with 11 mm thick-
ness and switching T near 15oC. These devices 
could enable new opportunities for passive thermal 
management of lunar rovers and habitation under 
time-varying thermal loads. 
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Figure 1. Design and implementation of Gd-based (a) oscillating thermal diode, (b) thermal relay, and (c) 
passive thermal switch for improved thermal management. 

 


