uhttps://ntrs.nasa.gov/search.jsp?R=19820022840 2018-02-24T09:19:49+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



; s eyt Sup
- i Wi
¢ X : L = ok " ',‘ ’? l.
NASA Technical Memorandum 82946 ’ » ™ "4
. % 4
| ' o . . -3 L
- Nickel-Hydrogen Bipolar
. '
Battery Systems
(NASA—TH—82946) NICKEL-HYDBOGEN BIECLAK N82-3C716
BATT ERY SYSTEMS (NASA) 9 p EC AQO2/MF AO1
CSCL 10A
Unclas
G3/44 28757
Lawrence H. Thaller "\t
Lewis Research Center 2

Cleveland, Ohio

Prepared for the

' Fourth ESTEC Spacecraft Power Con-itioning Seminar
sponsored by the European Space Agency
Noordwijk, Netherlands, November 9-11, 1982




T R T e

S TR RN P s g T e T T T

NICKEL-HYDROGEN BIPOLAR BATTERY SYSTEMS

Lawrenc. H. Thaller

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohfo 44135 USA

SUMMARY

Nickel-hydrogen cells are currently being manu-
factured on a semi-experimental basis. This
paper will describe, at least conceptually, re-
chargeable nickel-hydrogen systems that more
closely resemble a fuel cell system than a tra-
ditional nickel.cadmium battery pack. This has
been stimulated by the currently emerging re-
quirements related to large manned and unmanned
1ow earth orbit applications. The resultant
nickel-hydrogen battery system should have a
number of features that would lead to improved
reliability, reduced costs as well as superior
erergy density and cycle lives as compared to
battery systems constructed from the current
state-of -the-art nickel-hydrogen individual
pressure vessel cells,

1. INTRODUCTION

The aerospace community is gradually switching
from nickel-cadmium batteries to nickel-hydrogen
batteries for selected applications. There is
some evidence that the low earth orbit (LEQ) use
of nickel-hydrogen will follow the current
commitments of this battery system to geosyn-
chronous applications (GEO). The United States
Afr Force (Ref. 1) has been instrumental in de-
veloping this battery system in cooperation with
their contractors. The hardware ftems that have
been brought to a high degree of technology
readiness are 50 Ah individual pressure vessel
(IvP) passively cooled single cells (Ref. 1).

Recent studies of large manned and unmanned LEO
applications in the U.S. (Space Platform, Space
Operations Center, etc.) have concluded that
power requirements in the range of 25 to 50 ki
and higher will be required (Ref. 2). These
studies also point out the desirability of high-
er bus voltage levels (100 » 200V DC) to reduce
the weight of the power distribution network,
The NASA Lewis Research Center under the NASA
0Office of Aeronautics and Space Technology has
the responsibility: 1) to develop advanced
technology components to increase the cycle
lives in low earth orbit of current state-of-~
the-art hardware designs and 2) to investigate

cell and battery concepts that would be appli-
cable to large multikilowatt system applications
identified in future space missions of interest
to the U.S.

In addressing the second area, it was evident
from the initial system design studies that if
contemporary nickel-hydrogen design concepts
were used, several undesirabie system features
would result. First, high voltage could only be
obtained through either the series connection of
100 to 200 individual single cells or the use of
high capacity DC to DC conversion equipment.
This equipment currently weighs about 5 kg/kW,
although future developments might reduce this
to 1.0 kg/kW. For the former, the reliability
and weight impact associated with the intercon-
nection of so large a number of cells is unde-
sirable. The required thermal control subsystem
for this number of individual cells that depends
entirely upon passive cooling would at best re-
sult in a system with a lower volumetric energy
density. This would compound the problem of the
already low volumetric energy density of
nickel-hydrogen single cell devices. For the
latter, the weight, cost and inefficiency of OC
to DC conversion is not a good design choice.

As a result of some initial thoughts given to
this problem, the idea of a bipolar nickel-
hydrogen battery system appeared to circumvent
some of the problems associated with contempo-
rary nickel-hydrogen battery system designs.
This idea is depicted schematically in Figure

1. Although this is very preliminary, the (x-
ploded view is meant to imply the use of a Li-
polar stack of cells held together with end
plates and tie bolts. In this version, a heat
exchanger is located within the pressure vessel
itself. The hydrogen gas is circulated through
the cells and over the fins of the exchanger.
The construction is a marriage of fuel cell and
battery technology. It is very similar to an
alkaline hydrogen-oxygen fuel cell using trapped
electrolyte in each cell. The major difference,
of course, is that the gaseous oxygen electrode
would be replaced by a nickel electrode. Fuel
cells of the type used in the Shuttle Ordbiter
which represent the current state-of-the-art are
made up of cell stacks assembled in a bipolar
manner. In like manner, stacks of nickel-
hydrogen cells would have cooling plates located
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