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Preface

This document contains the proceedings of the 32nd annual NASA Aerospace Battery Workshop,
hosted by the Marshall Space Flight Center on November 16-18, 1999. The workshop was attended
by scientists and engineers from various agencies of the U.S. Government, aerospace contractors,
and battery manufacturers, as well as international participation in like kind from a number of
countries around the world.

The subjects covered included nickel-hydrogen, nickel-cadmium, silver-zinc, and lithium-ion
technologies.
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Introduction

The NASA Aerospace Battery Workshop is an annual event hosted by the Marshall Space Flight
Center. The workshop is sponsored by the NASA Aerospace Flight Battery Systems Program which
is managed out of NASA Glenn Research Center and receives support in the form of overall
objectives, guidelines, and funding from Code S, NASA Headquarters.

The 1999 Workshop was held on three consecutive days and was divided into five sessions. The
first day consisted of a General Session and a Nickel-Hydrogen Session. The second day consisted
of two Lithium-Ion Sessions with the first two papers (nickel-hydrogen and silver-zinc) placed in
the first session due to scheduling constraints. The third and final day was a second Nickel-
Hydrogen Session.

On a personal note, I would like to take this opportunity to thank all of the many people that
contributed to the organization and production of this workshop:

The NASA Aerospace Flight Battery Systems Program, for their financial support as well
as their input during the initial planning stages of the workshop;

Huntsville Hilton, for doing an outstanding job in providing an ideal setting for this
workshop and for the hospitality that was shown to all who attended;

Marshall Space Flight Center employees, for their help in mailing the various
correspondence, registering attendees, handling the audience microphones, and flipping
transparencies during the workshop.

Finally, [ want to thank all of you that attended and/or prepared and delivered presentations for this

workshop. You were the key to the success of this workshop.

Jeff Brewer
NASA Marshall Space Flight Center
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Low Temperature Performance of Two Nickel Hydrogen Designs
By
Dr. Dean W. Maurer'
Loral Skynet
PO Box 7018
Bedminster, NJ 07921
And
Dr. Dawn M. See’
Imperial College of Science, Technology and Medicine
Dept. of Materials
Prince Consort Road
London SW7 2BP, UK

Introduction

The Telstar 5, 6 & 7 spacecraft owned and operated by Loral Skynet and built by Space
Systems/ Loral utilize the patented® Loral “Cold Charge” protocol in their battery
operation. This protocol provides an approximately 25% capacity enhancement by
charging at a very low temperature and subsequently discharging while ramping the
temperature up from the end of charge temperature to as high as 30 °C. It was of interest
to measure the relative effects of the low temperature charge and the temperature-ramped
discharge on flight-quality cells of the two different cell designs used in the Telstar 4
program where this protocol is not used. The Telstar 401 cell is a conventional 3.5”
COMSAT design (50 AH) with asbestos separators and the Telstar 402R cell is a 3.5”
modified Mantech design (45 AH) with a single layer of Zircar separator.

The cell cycling facility used for the experimental work was designed and built some
years ago by the AT&T Bell Labs (when Skynet was part of AT&T) for life testing of
Telstar battery cells. When Skynet became part of Loral, this facility was donated to the
University of South Carolina (USC). The work was carried out by one of us” as part of a
graduate study program. The data were also intended for use in model verification of the
USC first-principles nickel-hydrogen cell model.

Experimental

After selection of the flight battery cells, a number of the remaining cells from the
production lots were selected for this work. The cells were placed in a temperature
chamber in a horizontal position with a thermocouple attached to the cell midsection.
Some of the selected cells included strain gages. The 401 cells were cycled three times at
each test temperature. The cycle consisted of a charge for 16 hours at C/10 and a
discharge at C/2 to 0.8 volts followed by a 3 hour open circuit stand to equilibrate the
temperature. The 402R cells had two cycles at each temperature. First they were charged
at C/10 for 20 hours and discharged at C/2 to 0.8 volts at constant temperature and then

: presenter

f formerly with University of South Carolina

> J. Hall, US Patent #5,395,706 (1995) and J. Lenhart, J. Hall and A. Applewhite, US Patent # 5,617,006
(1997)
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cycled again with the temperature increased during the discharge from the end-of-charge
temperature to about 30 °C by the end of the discharge. Figure 1 is a plot of the
temperature and pressure for the test run at —20 °C. The pressure fluctuation which was
observed on the ramped-temperature test is an artifact caused by voltage noise on the
strain gage wiring; this was eliminated on subsequent tests. Note that the temperature

1000

——T——T7r—rr—T T 77T 40

-20 °C constant tempecrature discharge
......... -20 °C ramped temperature discharge

%00

20

600

10
Pressure

-—

100

Cell Pressure (psi)
(Do) 2ampeaadwa ] []90) BeaAY

\ T L L

200
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Fig 1 Pressure and Temperature Responses for the 402R Cells at —20 °C !

chamber was not able to maintain the temperature during the overcharge portion of the
charge. In addition, the pressure is essentially flat after 16 hours of charge, which
indicates minimal capacity difference between the two cycling procedures.

Results

The discharge curves for the test shown in Figure 1 are shown in Figure 2. The
temperature ramping results in a “normal’ discharge curve such as one would expect at
higher temperatures, whereas the “constant” temperature discharge has the voltage
depressed during the second half of the discharge as well as slightly less capacity. Figure
3 shows the ramped temperature discharge curves for all of the 402R tests.
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Figure 2 Discharge Curves for the 402R Cells at ~20 °C

Note the uniformity of the discharge plateau voltages. The capacity achieved for
each test is representative of the charging temperature. The results of these tests is
further summarized in Figure 4 where the capacity is plotted vs. temperature for
each of the temperatures in the 402R tests. The ramped discharge provides only

Ramped Temperature Discharge Voltage [V]

- \s\.\.»\_ ‘
— e vt 1
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! -10°C l : !
[
10 : d
| | .
' = IO"C; i
|
O | — 20| \ :
080 O S A [ O S S O N SO TSRO ) 1S
20 205 21 215 2 25 pi] 235
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Figure 3 Ramped Temperature Discharge Curves for All 402R Tests

~3% greater capacity than the “constant” temperature, but that the difference in capacity
between +20 and —20 °C is of the order of 50%! The difference between a more usual
operating temperature of +10°C and the —20 °C data is still 25%. Similarly the effect
shown in Figure 2 is also presented in Figure 5 in terms of the specific energy vs.
temperature. In this case, there is a 5% difference at —20 °C, and a 40% energy

density advantage between +20 and —20 °C.
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Figure 4 Ramped vs. Constant Temperature Capacity for 402R Tests
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Figure 5 Specific Energy vs. Temperature for 402R Cells

Finally the 402R cell data and the 401 cell data are compared in Figure 6. In this case the
direct result is shown as well as a curve in which the 401 cell data are “normalized” by
the ratio of the nameplate capacities of the cells. The only justification offered is that the
nickel electrodes are approximately the same area in each design and the cell capacities
differ only by the number of electrodes.
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Figure 6 Capacity Data for 401 and 402R Cells vs. Temperature

In Figure 6 it can be seen that:

1) The capacity of the 401 cells below about 5 °C is relatively flat but above that
temperature it has about the same slope as the 402R cells. Presumably this is
due to the decreased conductivity of the asbestos separator at lower
temperatures.

2) The unadjusted capacity of the asbestos cells at —20 °C is about the same as
the capacity of the Zircar cells with fewer electrodes.

3) The “normalized” capacity of the 401 cells at higher temperature is about
equal to the 402R cells but the 402R cells are ~12% higher at the low
temperature.

Conclusions

These studies support the generally held expectation that the Mantech cell design
offers some performance advantages over the original COMSAT design (the COMSAT
design is after all nearly 25 years old). More importantly the studies show a pronounced
advantage in operating at very low temperatures: a 25% advantage at —20°C compared to
the more usual +10°C. How this temperature control is achieved in orbit is left as an
exercise for the thermal engineer.
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