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Applicability of Electric Double Layer Capacitors for Spacecrafts
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Abstract

Electric double layer capacitors (EDLCs) which have been developed for terrestrial applications are energy storage
devices without electrochemical reaction. EDLCs are interesting energy storage candidate in space applications, for
example, Space Solar Power Systems (SSPS), where long-life electrical power sub-system is required. In this study,
cycle life performance of EDLCs under different satellite operating conditions was tested.

In order to realize performance of EDLC modules, circuits that equalize voltages of individual cells in modules
are necessary. Equalization circuits were designed with a simple configuration utilizing only electric switches.

The effectiveness of the equalization circuit for EDLC modules was successfully demonstrated.
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Table 1 Charge/discharge cycle life performance test conditions.

Sample Charge Discharge
Cell 1 CCc/Ccv 27V SA 1h CC 5A,0Vcutoff
Cell 2 CC/ICV 27V 1A 1Lh CC 1A,0Vcutoff
Basic Test Cell 3 CC/CV 27V 5A 1h CC 5 A,DoD(E)=50%

Cell 4 CC 27V 5 A (NoCV charge) CC 5A,0Vcutoff

Cell 5 CC/CV 25V 5SA 1h CC 5A,0Vcutoff
Cell 6 CP 35 min DoD(E) = 80%, (DoD(C) = 55%)
Simulation | Cell 7 , CP 35 min DoD(E) = 80%, (DoD(C) = 55%)

CC/ICV 27V 65min
for Cell 8 CP 35 min DoD(E) = 40%, (DoD(C) = 23%)
(CC =45 min, CV = 20 min)

Satellites Cell 9 CP 35 min DoD(E) = 60%, (DoD(C) = 37%)
Cell 10 CP 35 min DoD(E) = 20%, (DoD(C) = 11%)

DoD(E) : Energy DoD  DoD(C) : Capacity DoD
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Table 2 Capacity measurement test conditions.

Sample Charge Discharge
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Fig. 1 An example of equalization circuit for

series/parallel connected module.
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Fig. 3 Charge curves trends of (a) cell 1 and (b) Fig. 4 Discharge curves trends of (a) cell 1 and (b)
cell 4 during the capacity measurement tests. cell 4 during the capacity measurement tests.
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