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Ab stract

Silver Zinc (Ag-Zn) battery technology
h a s  b e e n  basclincd  as lhc e n e r g y

. storage systcm for the MESUR mission.
The mission profile will require the
operation of this battery in a manner
not usually seen for this technology.
In particular, the combina t ion  of
storage time followed by multiple
cycles as a function of fluctuating
tcmpcraturcs and chargcldischargc
rates, and limited available time for
charging h a s  not b e e n  p r e v i o u s l y
demonstrated. T h i s  p a p e r  dcscribcs
ground testing designed to evaluate
this technology under the proposed
mission profile. Wc also present initial
results of these tests. Preliminary
results of testing (which do not yet
take inlo account the effect of storage)
indicate that a modified constant
potential method of charging will bc
able to maintain energy  ba lance
during operation on the  surface  of
Mars.

~roduct ion

The Pathfinder Mars Environmental
Survey Mission (MESUR-Pathfinder) is
the first of NASA’s low cost discovery
missions. The purpose of this mission
is to demonstrate a low cost spacecraft
that can sustain the cruise, direct
e n t r y ,  dcsccnt,  a n d  l a n d i n g  o n  t h e
surface of Mars and operate for onc to
twelve months while conducting
cnginccring asscssrncnts and scicncc
investigations. The resul t s  of  th is
mission will bc u s e d  t o  cnhancc t h e
Success of follow-on missions which
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arc  des igned to place a network of
l a n d e r s  o n the Martian surface.
launch is schcdulcd  for the two week
1996 window with a 1997 Mars landing.
The technical rcquircmcnts  ( w h i c h
m u s t  bc consis!cnt  w i t h  a  l o w  c o s t
approach)  make th is  a  cha l lenging
mission. In particular, the
preliminary design of the Power and
P y r o t e c h n i c  Subsystcm (PPS) calls for
a direct energy transfer systcrn  which
will usc two solar arrays, onc for the
cruise portion of the mission and onc
for operation on the Martian surface, a
power distribution systcm with
heritage from rcccnt  JPL missions and
a secondary s i l v e r - z i n c  (Ag-Zn)
battery cnhanccd by thermal batteries
during the Mars e n t r y ,  dcsccnt  a n d
landing (EDL) pyro events. This paper
will focus on a discussion of the Ag-Zn
technology basclincd  for this mission.
Although Ag-Zn technology has
previously flown on other planetary
missions, the rcquircmcnts  o f this
mission arc particularly demanding. A
rough timclinc for the battery consists
of supplying power during launch
(Delta launch vchiclc),  an approximate
8 month cruise with power suppor[  for
two to three trajectory correction
maneuvers (TCMS) and augmentation
of the thcrma] b a t t e r i e s  d u r i n g  t h e
initial dcsccnt onto the Martian
surface. Power will also bc required
from t h e  Ag-Zn b a t t e r y  d u r i n g  ihc
final landing phase of the mission and
during the initial deployment on the
first day. Subsequently the battery
w i l l  bc c h a r g e d  a s  p o w e r  bccomcs
available from the solar array. The
battery cycling will c o n s i s t  o f
delivering - 10 - 20 AH of capacity
during the night period when the



bat te ry  tcmpcraturc  can dip to as low l]owcvcr, these preliminary
as -20”C and to replenish this energy not yet include the effect
during the daylight hours when the month c r u i s e  o r the
Icmpcraturc is  cxpcctcd  t o  c l i m b  t o orientation during launch.
20°c, T h e  b a t t e r y  i s  cxpcctcd  t o
maintain this profile for a minimum of EILIK.I!_!!.QILLit!
thirty days. To verify that this
technology will meet the mission
objcctivcs, several characterization
and verification ground tests arc
underway. These  tes ts  arc being
conducted on prototype CCIIS which arc
c o n s i d e r e d  rcprcscntativc  of the Ag-Zn
technology. The var iables  be ing
investigated arc the separation systcm,
s t o r a g e tcmpcraturc, b a t t e r y
orientation and charge methodology;
Pre l iminary  resul ts  OF tests currcn_tiy
underway indicate that t h e  Ag-Zn
systcm will meet t h e  rcquircmcnts.

Rcsu Its and Discussi.w

Typical initial clcctrochcmical
performance o f  rcprcscntativc of this
ccl] design is shown in Figures 1 and 2.
This data was obtained on two four CCI1
packs wired in series. Four CCI1 packs
arc subsequently allocated for fur[hcr
testing as outlined in ‘1’able 1. The
features of the charge curves in Figure

results do
of the 8

battery

Specific battery rcquircmcnts  a s  WCI1
as a sizing analysis h a v e  b e e n
previously dcscribcdl.  B a s e l i n e
clcctrochcmical characterization is
being performed on Ag-Zn CCIIS of 40
ampere-hour nameplate capacity of
available design (SZLR40-3). Table 1,
summarizes the characterization tests
that will bc performed on these CC1lS.

Ag-Zn  CELL CHARACTERIZATION TESTING—__— .. —. —.- .-—. -——— .—. —— . ..— — .——... —.. —

\NITIAL CYCLE LIFE
CHARGE / DISCHARGE CYCLE AT O°C

CHARGE / STAND CYCLE LIFE
8 Month Stand @ 15°C and 30”C with OCV and 1.86 V

CHARGE DEFINITION
MODIFIED CONSTANT POTENTIAL
V=1.91O  V to 1.980V, 1=4.5 A  t o  0 . 4  A ,  T E M P .  2 5 ° C  t o  O “ C

DISCHARGE CHARACTERISTICS
RATES-1.5A, 4.35 A, 12.5 A, 15 A,
T E M P .  -40°C, -20”C, - 1 0 ” C ,  O “ C ,  1 0 ” C

SYSTEM PERFORMANCE
PRE-LAUNCH, CRUISE-TCM, EDL, MARS SURFACE OPERATION

l’able 1 . Characterization tests to be performed on MESUR Ag-Zn cells.

1 arc dominated by the
thermodynamics of the Ag-Zn systcm2”
These consist of the initial charge at -
1.63V characteristic of Zn/Zn(O}l)2  (-
1.245 V vs SHE) and the initial oxidation
of silver, Ag/Ag20  (+0.345 V vs SIIE),
followed by the subsequent charge at
-1.95 V which reflects the potential of
Ag20/Ag202  couple (+-O.607V vs SIIE).
Similarly in the initial part of the
subsequent discharge the CC1l voltages
arc  dominated  by  the  reduct ion  of
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MESUR SILVER-ZINC PACKS “C” AND “D”
“VENDOR ACCEPTANCE” AT 20 DEGREES CELSIUS
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at 2.0 amperes to a 2.0 V/cell cutoff.

MESUR SILVER-ZINC PACKS “’C” AND “D”’
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to 1.22 volts.
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divalcnt  s i lver  (Ag202/Ag20) . This
pcrforrnancc  i s  charac ter is t ic  of  the
Ag-Zn systcm as moderated by this ccl]
design.

As part of the init ial  evaluation a
cycling test using a scl of operational
parameters within the range of those
cxpcctcd  dur ing  Mars  opera t ion  was
conducted. Test conditions for the Mars
surface operation arc outlined below in
Table 2. This evaluation was ~crformcd
on a s i n g l e

PARAMETERS
Chamber Temperature

Charge Period

Max, Charge Current
Constant Charge
Voltage

Discharge Rate

Discharge Capacity
Table 2 . Operational

.

‘ l o  ‘c

6 hours

4.5 Amp

1.96 V

3.0 Amp

20 AH
~ameters

for energy baiance e v a l u a t i o n  o n  the
Martian ‘ - surface.

ccl] w h i c h  h a d  b e e n activated six
months earlier and had undergone 14
previous charge discharge Cycles,
Figure 3 shows a plot of the data from
Cycle 15, the first discharge/charge
cycle for this evaluation. Note that the
discharge voltage 1.83 V to 1,53 V
c h a r a c t e r i s t i c  o f divalcnt silver
reduction was available during 4 hours
of discharge in the first cycle Figure 3,
and for 2.8 hours during the fourth of
seven cycles Figure 4. Since the first
d ischarge  was  s tar ted  f rom a  fully
charged state, the ccl] was only able to
accept - 1 3  arnpcrc hours of charge
after the first discharge. Subsequent
cycles indicate that the ccl] is capab]c
of maintaining energy balance under
this regime as shown in Figure 5.
During cycle 19 the charge was

terminated in e r ro r  a t 1 8  atnpcrc
hours.

Qnclusi  QM

The high energy density of the Ag-Zn
batlcry systcrn make it very attractive
for secondary applications with low

Cycle life rcquircmcnts, Th C
rcquircmcnts  o f MESUR-Pathfinder
mission have not been simultaneously
previously demonstrated for the Ag-Zn
technology (low cycle life after long
term storage under var iable
tcmpcraturcs and charge/discharge
rates). The goal of this program is to
d e m o n s t r a t e t h i s c a p a b i l i t y .
Preliminary results of testing indicai.c
that a Ag-Zn ccl] can bc successful ly
cycled while maintaining energy
balance using a set of operational and
charge control parameters within the
baseline of anticipated Mars surface
operation. These results do not yet take
into account the effects of long term
storage that will bc cxpcricnccd  on the
cruise portion of the mission. Th C
demonstration of that capability is the
topic of on-going tests whose rcsulls
will bc rcpor[cd at a later date,
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FIGURE 3- Ag.Zn  CELL SfN 25 WITH 5 LAYER SEPARATOR SYSTEM
DUTY CYCLE APPROXIMATION AT 10 DEGREES CELSIUS (CYCLE 15)
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FIGURE 4- Ag-Zn  CELL SIN  25 WITH 5 LAYER SEPARATOR SYSTEM
DUTY CYCLE APPROXIMATION AT 10 DEGREES CELSIUS (CYCLE 18)
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FIGURE 5- Ag.Zn  CELL SIN  25 WITH 5 LAYER SEPARATOR SYSTEM
SIMULATED MARS OPERATION AT 10 DEGREES CELSIUS
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