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Abstract:

This paper describes a requirement for a power system of our future Mars airplane and a basic design
of batteries and solar cells.

We are planning a Mars exploration using an airplane in the early 2020s. A Mars airplane will enable
more detailed observation of Mars surface than orbiters and an exploration over longer distance than rovers.
The mass budget for the instruments on board is so limited that the batteries and the solar cells must have
extremely high energy and power density.

Conventional batteries for space applications have sturdy casings which are able to withstand harsh
shocks and vibrations in launch and charge-discharge cycles in vacuum, resulting in lower specific energy
than batteries for terrestrial applications. For the Mars airplane, batteries must have a specific energy of 150
Wh/kg, though the average specific energy of conventional batteries for space application is smaller than 100
Wh/kg. To achieve the required energy density, we developed stainless steel laminate Li-ion pouch cells.
Normal Li-ion pouch cells for terrestrial application, which use aluminum laminates as the casing, expand in
vacuum resulting in decrease in capacity. The stainless steel laminate Li-ion pouch cells neither expanded
nor lost their capacity after charge-discharge cycles in vacuum though they were not potted. The cells have a
capacity of 10 Ah and a specific energy of 118 Wh/kg at the moment. The specific energy will increase to
140 Wh/kg or more in the near future by optimizing the electrodes.

We estimated possible power generation of several sorts of space solar cells on the surface of Mars.
The intensity of sunlight decreases due to 1.52 AU of distance from the sun, then decreases particularly at
400 nm by the dust and the atmosphere of Mars. Triple-junction solar cells, which are widely used for space
application due to their high conversion efficiency, consist of InGaP, InGaAs, and Ge sub cells stacked in a
very thin structure. InGaP cell, which generates the least carriers, limits the current generation of the whole
cell, because the sub cells are connected in series. The spectral sensitivity of the InGaP cell corresponds to
the wavelength most decreased by the dust and the atmosphere of Mars. Therefore, modifying the structure

of the solar cells are necessary to optimize the performance.
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