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A lithium ion polymer cell has been selected 
for further tests for small satellite power 
systems following an ESA commissioned 
study3 which reviewed the global state-of-the-
art in Li+ polymer technology. The study 
highlighted the characteristics of the lithium 
polymer cell which make them ideal for 
applications in small satellites. 
   
The aim of this work, carried out by Clyde 
Space with the support of ESA ESTEC Battery 
Storage Division, is to demonstrate the 
suitability of the lithium ion polymer cell for 
small satellite applications.  The polymer cell 
has inherent advantages in terms of safety due 
to the absence of any leakage problems, and 
electrolyte additives significantly reduce the 
chance of problems in case of overcharge, and 
high temperature storage and operation.    The 
pouch cell design offers enhanced specific 
energy and energy density compared to 
conventional designs with metallic cell cases, 
and has a better form factor with improved 
packing efficiency.  The cell has a low 
magnetic signature and gives a significant 
weight reduction for an equivalent capacity 
cell with other chemistries.   
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Figure 1: Battery Board with two Lithium Ion Polymer 
Cells 

   
Figure 1 indicates Clyde Space’s proposed cell 
layout on a PCB with integral heater and 
protection circuit, and in Figure 2a, the 
integration of the battery board with the 
CubeSat Power Board is shown.   The cell 
geometry allows for easy stacking of battery 
boards in the CubeSat system (Figure 2b).    
 
    

This paper describes further results of cell 
characterisation tests, as well as cell balancing 
and thermal properties, and outlines proposed 
life testing.  Battery designs profit greatly from 
the cell geometry, and incorporate protection 
circuitry, monitoring, and heaters.  These 
factors allow for a low cost, affordable solution 
for small satellite power systems. 
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Figure 2 a:  CubeSat Power board with one 
battery board and b: with two battery boards.   
 
 
 
CHARACTERISATION TESTS 
 
DPA 
 
Destructive Parts Analysis (DPA) carried out 
on one cell confirmed the cell stacking 
arrangement.  A volatile liquid was present 
within the cell, and the cell components were 
well adhered to each other, and were difficult 
to separate.   
 
 
STANDARD CAPACITY 
 
Cell standard capacities were measured at a 
C/5 rate, at 20°C.  Plots of cell discharge of 
cells displaying the largest (1.276Ah), and 
smallest (1.218Ah) capacities are shown in 
Figure 3.  All measured capacities were in the 
range specified in the manufacturer’s data 
sheet, i.e. minimum of 1.20Ah and average 
1.25Ah.   
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Figure 3: Cell Standard Capacities 

 
 
 
CAPACITY VARIATION WITH 
TEMPERATURE AND DISCHARGE RATE 
 
Cell capacities were measured at discharge 
rates between C/15 and C and at temperatures 
between +40°C and -20°C.   Measured 
capacities at each rate and temperature are 
indicated in Table 1 and discharge plots are 
shown in Figures 4 to 8.   
 

T 
(°C) 

Capacity at each Discharge Rate (Ah) 
C/15 C/10 C/5 C/2 C 

40 1.437 1.435 1.283 1.208 1.171 

20 1.501 1.430 1.276 1.226 1.145 

0 1.358 1.294 1.161 0.716 0.182 

-20 1.055 0.914 0.568 0.044 0.026 
 

Table 1: Measured capacities at each discharge rate 
and temperature 

 
 

 
 

Figure 4: Cells discharged at a C/15 rate at various 
temperatures 

 
 

Figure 5: Cells discharged at a C/10 rate at various 
temperatures 

 
 
 

 
 

Figure 6: Cells discharged at a C/5 rate at various 
temperatures 

 
 
 

 
 

Figure 7: Cells discharged at a C/2 rate at various 
temperatures 

 
 
 



 
 

Figure 8: Cells discharged at a C rate at various 
temperatures 

 
 
Standard Capacities were measured after 
testing at each temperature, and only small 
decreases in capacity measured before, and 
after the tests were observed.  The largest 
difference was seen after testing at -20°C 
where the capacity decreased by 3.2% 
following the tests.   
 
 
 
STORAGE/SELF DISCHARGE TESTS 
 
Cells were stored at different depths of 
discharge, which were determined during 
Standard Capacity Testing, at 0°C and at 20°C.   
The difference in the capacities measured 
before and after storage for two weeks at each 
temperature and depth of discharge, are 
indicated in Table 2 (a negative figure 
indicates that the capacity has decreased after 
storage, and vice versa) 
 

Temperature 
(°C) 

Storage 
Condition: 
Depth of 

Discharge 
(%) 

% Change 
in Capacity 
Measured 
Before and 

After 
Storage 

0 100 -0.267 

0 50 +1.917 

0 25 -1.551 

0 0 -5.007 

20 100 -0.631 

20 50 +0.972 

20 25 -1.848 

20 0 -3.292 
 

Table 2: Cell capacity measured before and after 
storage for two weeks at 0°C and 20°C  

 

The results from the storage trials indicate that 
the best storage condition is at low 
temperature, at a capacity between 0% and 
50% DoD.   
 
 
VACUUM CYCLING 
 
Cells were cycled in a vacuum of 19mbar at 
20°C and at a C/2 rate, for ten cycles.  A plot 
of the cycling is shown in Figure 9.   
 

 
 

Figure 9: Vacuum cycling of cells at 19mbar, 20°C, 
C/2 rate 

 
 
The cell capacity was measured for each cycle 
and very little change was seen between each 
cycle with a decrease in capacity from cycle 1 
to 10 of just 0.5%.   
 
 
EMF vs. SoC 
 
Cells were discharged at a C/50 rate, at 20°C 
to determine the actual capacity of the cell by 
minimising the effect of internal resistance.  A 
plot of the discharge is shown in Figure 10.   
 

 
 

Figure 10: Cell capacity measured at C/50, at 20°C 



 
The capacity measured at C/50 was 2.495Ah, 
which is almost twice the nameplate capacity, 
and demonstrates the detrimental effect that 
internal resistance has on the cell capacity. 
 
 
CELL BALANCING 
 
A cell balancing test was carried out by 
initially measuring the capacity of several 
cells.  The capacity variation between the first 
eight cells which were tested was less than 2%.  
These eight cells were connected in series and 
the voltage of each individual cell, as well as 
the total voltage was measured.  Fifty cycles 
were performed at a C/5 rate, at room 
temperature.  Individual cell voltages at the 
end of charge, and end of discharge for cycles 
1, 10, 20, 30, 40 and 50 are shown in Table 3.   
 
 

 
Figure 11: Cell string cycling at C/5 at 20°C 

 
 

 
Table 3: Cell voltages at end of charge, and end of 

discharge e every 10th cycle 

 
 
 
 
 

 
THERMAL PROPERTIES 
 
A thermocouple was attached to a cell in the 
centre of the string of cells to measure the 
variation in the cell temperature with cycling at 
C/5 was measured.  A plot of cell temperature 
variation with cycling is shown in Figure 12.   
 

 
 

Figure 12: Cell temperature variation with cycling 

 
The cell temperature varies between 23.57°C 
and 30.38°C (temperatures were measured at 
ambient conditions).  Cells are slightly 
exothermic during discharge and the 
temperature appears to drop at the start of 
charge, and remains fairly steady during 
charge.   
 
 
CONCLUSIONS 
 
Tests have been carried out on a lithium ion 
polymer cell with the aim of further 
characterising the cell and assessing its 
suitability for applications in small satellites.  
The structure of the cell was determined by 
dismantling a fully discharged cell; the cells 
are constructed in a stack arrangement.   
 
The majority of the testing involved cycling 
the cells at different temperatures and at 
different rates.  Cell performance was analysed 
at temperatures between 40°C, and -20°C, and 
at rates between C/15 and C.  Cells performed 
well at 40°C and 20°C at all rates.  At 0°C the 
capacity at faster rates (C/2, and C) was low, 
though the cell performed well at rates 
between C/15 and C/5.  The cell performance 
at -20°C was good at slower rates.  At faster 
rates, lithium plating may be occurring, which 
could be the reason for the reduced capacities. 
   
Storage testing indicated that cells should be 
stored between 50% and 100% Depth of 
Discharge, and at 0°C. 
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The cell performed very well during vacuum 
cycling, with very slight changes in the 
capacity measured at each cycle, and very little 
difference in standard capacity measurements 
made before and after the vacuum cycles.  No 
leakage, and no change in the cell weight was 
observed.  
 
One cycle carried out on the cell at C/50 
revealed the importance of internal resistance 
on the capacity obtained from the cell.  The 
capacity was almost twice the cell nameplate 
capacity when measured at a much slower rate. 
 
The cells performed well in all tests conducted 
during this study, and these results suggest that 
this lithium ion polymer cell is a very good 
candidate for use in small satellite applications.   
 
The ability of the lithium ion polymer cell to 
be cycled in a string arrangement without the 
requirement for any balancing circuitry has 
been demonstrated.  A string of eight cells was 
subjected to 50 cycles at a C/5 rate, and the 
individual cell voltages, as well as the string 
voltage, were measured.  No significant 
deviation in cell voltages either at the end of 
charge, or at the end of discharge, were 
observed, and the cycling had very little effect 
on the cell capacities.   
 
Temperature readings were taken during the 
cycling tests, and very small changes in 
temperature were observed; the temperature 
varied between 23.6°C and 30.4°C.  The cell is 
slightly exothermic during discharge, and the 
temperature drops at the start of the charge 
phase.      
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