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Abstr act

Orbital battery performance for the Hubbl e Space

Tel escope is discussed and battery life is predicted
whi ch supports decision to replace orbital batteries
by 2009-2010 tinefranme. G ound characterization
testing of cells fromthe replacenent battery build
is discussed, with conparison of data frombattery
capacity characterization with cell studies of Cycle
Life and 60% Stress Test at the Naval Wapons
Surface Center (NWSC)-Crane, and cell Cycle Life
testing at the Marshal Space Flight Center (MSFC)
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The contents of this presentation includes an update
to the performance of the on-orbit batteries, as
wel | as a discussion of the HST Service M ssion 4
(SM4) batteries manufactured in 1996 and acti vated
in 2000. A second set of SMA backup repl acenent
batteri es began manufacturing Jan 11, 2007, for a
delivery schedul ed for July 2008, but are currently
on hol d.
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« (3) 23-cell NiH, BatteriesPer Module ~ * Battery Module Size (in.):
« 22 CellsElectrically in Series +11.22 X 36.00 X 31.75

* Battery Capacity: 88 Amp-hr (Ah) * Module Weight(lb.): 500 Max

* 15 A Dischargeto 26.4V at 10 °C ]
e Launch: April 24, 1990 (17.6 Years)
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The HST batteries are nounted inside Equi prent Bays
#2 and #3, with each Bay containing a battery nodul e
(right picture) of 3 batteries. The astronaut

repl aceabl e nodul es are nounted on the door of the
Bay with J-hooks. The door is equipped with | ouvers
for heat rejection, which results in the design
being thermally limted to about 30 Watts per
battery.

SMA will replace the on-orbit batteries during an
Aug- 2008 Shuttle mssion. At that point the current
batteries will have had 18.2 Yrs of on-orbit
operation with >100K orbital cycles.
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- 1996 Manufacture Cell

- Colorado Springs Wet Slurry Nickel Plaque
- EPT-Joplin C-Street EC Impregnation & Assembly
- Helium Dry Store 1996 — 2000

- 2000 Activation (4 Yrs Dry Storage)

- Colorado Springs Wet Slurry Nickel Plaque
- EPT-Joplin C-Street EC Impregnation & Assembly

- 2008 Launch (August 7, 2008)

- 4 Years Dry + 8 Years Wet

- Storage Life Waivers Required ,Ff
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The HST replacenent batteries for Service M ssion 4,
were manufactured in 1996 and dry stored under

hel i umuntil Aug. 2000. The replacenent cells are
identical to the on-orbit cells, except they use the
Col orado Springs Wet Slurry nickel plaque. Wth the
schedul ed | aunch of SM4 on Aug. 7, 2008, these
batteries will have 4 years dry storage and 8 years
wet prior to on-orbit use. The HST Handling Pl an
calls for 60 nonth wet storage, and total dry, wet,
and mssion life of 14 years. Wiivers to the wet
life are being processed to allow use of these
batteries.
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- Range Line Wet Slurry Nickel Plaque
- EPT-Range Line EC Impregnation & Assembly
- 15 Month Schedule Started Jan. 2007 - Stop Work June 21, 2007 (Budget)

- Lot 12 — 32 Cells » Ready For Activation
- Replacement Flight Spare Battery Dry Helium Storage
- DPA & Life Test Cells

- Lot 13 -93 Cells W Electrodes Prepared
- Replacement Flight Module 1034 Ready For Leads
- DPA & Life Test Cells Bagged — Dry Air

- Lot 14 — 92 Cells » Ni Plaque Processed
- Replacement Flight Module 1035 Ready For Stamping
- DPA & Life Test Cells Bagged — Dry Air
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Wth consideration to these restrictions GSFC is
increnental ly funding a second set of backup

repl acenment batteries on a 15 nonth build schedul e
started Jan. 11, 2007 with delivery Jul., 2008. The
new backup replacenent batteries wll utilize EP
Range Line Wt Slurry Plaque plate and Range Line

i npregnation. This new procurenent was placed on
hol d by NASA on Jun. 21, 2007 due to budgetary
pressures. The first new |lot of 32 cells (one
Flight Spare Battery) are in dry storage under
helium ready to be activated. The second |ot of 93
cells (one Flight Mdule) have all el ectrodes
stanped, ready for |eads and then stacking. The

el ectrodes are stored bagged in dry air. The third
| ot of 92 cells (second Flight Mdule) has the

ni ckel positive plaque processed into plates and 30%
of the negative plates have been processed. These
are all stored under dry air.
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A total of 6 batteries will replace the on-orbit
batteries during SMA. The top left photo shows
Battery S/N 1161. The original set of flight
nodul es had 23 cells, of which 22 were electrically
active. The SMA battery set has elimnated cell #15
in the center of the cell and installed a Battery
Isolation Switch (BIS) which is used to electrically
i sol ate the individual batteries during handling
operations. The bottom | eft photo shows the three
batteries that make up a Flight Module with each
battery having individual power (J1) and
instrunmentation (J2) connectors. Not shown is the
J3 cell voltage nonitor connector at the rear of the
battery for ground testing. The right photo shows
one of the replacenent nodules with the |id in

pl ace, but wth the astronaut handles yet to be
installed. The BIS switch, shown at the 11 o’ cl ock
position, is only electrically active when noved to
the 12 o’ cl ock position.
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HST started operation using Software Controlled Charge
(SWCC) which was a high rate charge (solar limted) to a
vol tage-tenperature (VT) cutoff, followed by a step to
trickle charge (~1 Anp). In 1993 this was changed to
Har dware Control (HWCC). During the 2000 SMBA

vol t age/ tenperature inprovenent kits (VIKsS) were
installed to | ower the safe-node VT | evels by one step.
SWCC was again inplenented for charge control to shift
the orbital relay cycles off the CCC Rel ays and back to
the TrimRelays. During the 1999 Power Control Unit
(PCU) fault investigation it was determ ned that a CCC
Rel ay was nore detrinmental to operations than a Trim
Relay failure. This operational node was mai ntai ned

t hrough SMBB when the faulty PCU was repl aced, and
addi ti onal science packages replaced or installed.

The on-orbit maxi mumdaily pressure sumred over all six
batteries and the average nodul es tenperature are shown
on this chart. The PCU was replaced during Service

M ssion 3B (SM3B) and with additional science packages
installed, the system | oads increased from8 Ah to 12 Ah,
which resulted in an increased capacity fade rate. This
fade is linked to a reduction in recharge ratio in order
to limt thermal dissipation. The period from 2004 to
present is discussed on the next slide.
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The sum of the on-orbit maxinumdaily pressure for al
batteries and average tenperature delta between the two

nodul es,

for the period from 2004 to severa

are shown on this chart.

Not e t hat

weeks ago

i mredi ately after the 2000 repl acenent of the

PCU t he average tenperature delta between the nodul es

becanme nore erratic and was increasing.
the daily maxi num pressure,
The nunbers along the top of this chart show
the system capacity going into a recondition period,

capacity.

foll ow ng that

In 2003 ground studies perforned at
Test Batteries,

This resulted in capacity fade stabilizing,
tenperature delta was still

an

peri od.

This i
d the overal

MSFC usi ng

npact ed

system

and

t he HST

showed that the system capacity could be
i ncreased by controlling the rate of the charge current,
whi ch was i nplenmented in 2004 using charge optim zati on.

un

acceptable. The

however the

char ge

algorithmwas nodified in 2006 to use a transiting to a
tapering charge current as the VT trip is hit,

a step directly to trickle.
tenperature delta being inproved,

in the system capacity.

as wel |

i nst ead of

This has resulted in the
as i nprovenent
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The Battery Capacity Checks for the on-orbit Battery
#1 i s shown here which shows vol tage pl at eau
degradati on and capacity fade, the capacity
available to 26.4 V, with evidence of increasing
second plateau formation. The capacity fade
continues until the 2006 Capacity Check which shows
a slightly inproved capacity.
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This chart shows the trend lines for all 6 on-orbit HST
batteries. There appears to be two different trend

popul ations with Batteries 2, 3, and 4 having the highest
capacity fade, with a projected replacenent needed in
Feb. 2009. Batteries 1, 5, and 6 have |lower fade rates
and woul d require replacenent by 2010 at the earliest.
The average trend for all Batteries shows the need for a
2010 repl acenent date. The 45 Ah m ni num capacity

all owed i s based upon many contingencies, sone of which
may have to be relaxed to all ow HST science operation
until the 2008 Shuttle Mssion. Note — The dates on this
chart begin at [aunch April, 24, 1990.
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5 Amp Capacity

From Launch (4/30/1990) System Bat 1 Bat 2 Bat 3 Bat 4 Bat 5 Bat 6
Projected Life (Yrs) 20.0 20.5 19.0 18.9 18.8 22.8 235
Date (System <45 Ah/Bat) Apr-2010 Nov-2010 | May-2009 | Mar-2009 | Feb-2009 | Jan-2013 | Nov-2013
R2 0.833 0.885 0.923 0.942 0.929 0.666 0.783
Capacity Fade (Ah/Yr) 2.397 2.460 2.513 2.374 2.851 2.116 1.780
From 80+ Months (1997 - ) System Bat 1 Bat 2 Bat 3 Bat 4 Bat 5 Bat 6
Projected Life (Yrs) 20.0 19.5 18.9 19.5 18.9 235 24.7
Date (System <45 Ah/Bat) Apr-2010 Nov-2009 | Mar-2009 | Oct-2009 | Mar-2009 | Oct-2013 | Dec-2014
R2 0.775 0.929 0.949 0.956 0.824 0.536 0.912
Capacity Fade (Ah/Yr) 2.480 2.914 2.647 2.216 2.816 2.044 1.665
Since SM3B (4/2002 - ) System Bat 1 Bat 2 Bat 3 Bat 4 Bat 5 Bat 6
Projected Life (Yrs) 20.0 19.2 26.8 21.4 335 17.9 246
Date (System <45 Ah/Bat) May-2010 Jul-2009 | Feb-2017 | Sep-2011 | Oct-2023 | Mar-2008 | Nov-2014
R2 0.347 0.652 0.418 0.914 0.155 0.728 0.441
Capacity Fade (Ah/Yr) 2.474 3.125 0.923 1.635 0.660 5.429 1.682
Latest Recondition System Bat 1 Bat 2 Bat 3 Bat 4 Bat 5 Bat 6
Capacity (Ah) 55.74 55.30 54.78 53.50 55.73 55.80 59.30
Date 8/22/06 8/1/06 5/2/06 7/11/06 8/22/06 5/22/06 4/5/06

- Cycle Life Science Projection Based Upon Minimum Capacity Requirement of 45 Ah/Battery

- Includes Margins
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This collection of tables sunmarize the system and
i ndi vidual battery capacity fade rates and projects
a date for replacenent of that battery.

The top table sunmari zes the data from |l aunch

The second data set provides a projection since the
primary heaters were disabl ed.

The third set exam nes the trend since the Power
Conditioning Unit was replaced in 2002 during SV3B.
Since that tinme the 6 batteries have undergone 4
reconditioning cycles with those trends given. This
projects a near-termreplacenent if this trend

conti nues.

The | ast data set lists the date and capacity of the
| ast reconditioning for each battery.
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Goddard Space Flight Center NWSC-Crane Testi n g I

- E602H 5-Cell Pack (8/00 Activation)
Cycling Start 8/01 (Stress + Mission)

- E603H 5-Cell Pack (8/00 Activation)
5 Yrs Cold Store
Cycling Start 2/06 (Stress)

- RNH 90-9 Comparative Pack Tests
10 Yrs Cold Store
Cycling Started 8/07 (1150 Stress Cycles Completed)
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The SMA cell build included a nunber of cells to be
used to study cell dry storage paraneters with cells
removed fromdry storage at 0, 2, and 4 years,
activated and submtted to NWSC-Crane for Stress
Cycle Testing and then nomnal mssion |ife cycle
testing. RNH 90-9 Lot 3 cells from LM havi ng
simlar plaque, fabrication, and activation
processes to the HST cells were used for conparative
tests.
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NSWC Crane (HST) Pack ID E602H 5 cells
Voltage/pressure /Recharge EOC/EOD Trend Plot 08-25-2001 - 11-01-2007
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This chart from NWSC-Crane for the SM4 Lot 10/11 Wet
Slurry cells activated in 2000 shows ~14, 000 60% DOD
LEO stress cycles, cell start going belowthe 1.0 V
threshold. The test was converted to a nom nal

m ssion profile 15% DCOD test at ~21,000 cycles and
the test has continued, with 14,000 cycles in the

m ssion profile.
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NSWC Crane (HST) Pack ID F603H 5 cells
Voltage/pressure/Recharge EOC/EOD Trend Plot 02-16-2006 - 11-01-2007
MFG: EP 80 A/H TEMP (C): 10/2.5 DOD (%) : &0
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This chart from NWSC-Crane for the SM4 Lot 10/11 Wet
Slurry cells activated in 2000, BUT with 5 years wet
storage shows ~9, 200 60% DOD LEO stress cycl es, at
which tinme the test was placed into “nom nal”

m ssion profile testing. The pack has 750+ cycl es
in this profile.



< HUBBLE SPACE TELESCOPE PROJECT
A% SM4 Replacement Battery I '

Goddard Space Flight Cener MSFC Testing

- Six 5-Cell Test #1 (Mission Profile)

3 Packs SM4 Lot 10/11 Cells Activated 6/96
3 Packs LM 90-9 Cells Activated 7/96

- Six 5-Cell Test #2 (Mission Profile)
Six Packs SM4 Lot 10/11 Cells
Activated 8/00

- Special Pack Testing

Launch Flow Test

Hybrid Test
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The SM4 cell build included a nunber of extra cells
to support studies of cell dry storage paraneters
with cells renoved fromdry storage at 0, 2, and 4
years, activated and then submtted to COVSAT and
NWSC- Crane for Stress Cycle Testing and nom nal

m ssion |life cycle testing.
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2/98 — Cells Arrived @ MSFC
6/98 — Began Eagle Picher Cell Mini-verification Procedure

3/99 — 72-Hr Capacity Charge Retention Check
- Cold Stored For Instrumentation Modified

8/99 -6/00 Additional Characterization Testing
- Cells Demonstrating 2nd Plateau

6/00 — Began Orbital Mission Profile Cycling

11/00 — Stopped Cycling After 2000 Orbits
- Discharged All Cells To < .1 Volt, Cold Storage

8/05 — Cells Removed From Cold Storage
- Mission Profile Life Cycle Testing Resumed (>7500 Cycles)
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RNH- 90-3 SM4 HST wet slurry cells and RNH 90-9 LMSSC wet
slurry cells, fifteen of each, all manufactured in the
June-July 1996 tinefranme using Col orado Springs wet
slurry plaque, subsequently activated, and submtted to
NASA- MSFC for characterization studies and m ssion cycle
life testing.
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MSFC Six 5-Cell Pack Test
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This chart conpares the 2000 10 °C Capacity Test for the
1998 Test Packs versus the 2005 Capacity Test. Shown are
a representative HST Lot 11 cell versus a Lot 3 90-9 cel
manufactured at the sane tine. Note that the HST cel

exhi bits significant second plateau, while the 90-9 cel
does not. This has been attributed to cell reversal
during cycling and subsequent room tenperature storage.
These curves are repeated by all the HST cells and al

the Lot 3 90-9 cells. Packs #1 and 2 contained Lot 2 90-9
cells, which also exhibited high second plateau capacity
simlar to the HST cells.
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After 4 years of dry storage the flight cells were

si x 5-cel
packs conprised entirely of HST Lot 10 and 11 Fli ght
Build cells were assenbl ed and subjected to capacity and

activated in
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MSFC SM4 Pack #2 History|

1/01 — Cells Arrive At MSFC And Assembled Into 5 Cell Packs
2/01 —Initial Capacity Cycles And Began Orbital Cycling®

3/01 — Orbit 500
Capacity Test
Baseline Capacity Test

Resumed Cycling

5/01 - Orbit 1360
Repeat Capacity Tests

9/01 - Orbit 3000
Capacity Tests
Discharged & 0 °C Cold Store
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Aug-00 at which time additional

m ssion profile testing.
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(Cont.)

3/02 —Six Month Cold Store - Capacity Tests — Cold Store
8/02 —Six Month Cold Store — Capacity Test — Cold Store
11/02 — 12/02 Capacity Tests
Baseline 72-hr Charge Retention Test
14 Day Isothermal Charge Retention Test
Baseline Capacity Test
1/03 - Launch Scenario Capacity Test - Resume Cycling
8/03 — Launch Scenario Capacity Test - Resumed Cycling
Mission Profile Life Cycling (>25,000 Cycles)
Post SM4 Power Budget Cycle Testing
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The six 5-Cell Pack Test #2 was used to eval uated storage
conditions and the thermal |aunch flow scenario to verify
the on-orbit arrival capacity prediction.
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HST 5 Cell Test Packs (2000 Activation)
Pack 1 (7/25/03 50 F Capacity)

15 T
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This chart details a 10 °C Capacity Test conducted in
2003 on SM4 Cells, activated in 2000, and placed into six
5-Cel |l Test Packs for cycling at MSFC. Conpared to the
Test Packs activated in 1996, the data for these packs do
not show the second pl ateau | ower capacity seen

previ ously, due to inproved handling plan and capacity
nmeasurenents (no cell reversal).
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Gocdard Space Flighterter LM-COMSAT Testing

- 5-Cell Test Pack (6/96 Activation)

60% DOD Stress Test

- Cell DPA (10 ea. Lot 10, 10 ea. Lot 11)

Dry Stored Cells

Wet Cells Upon Activation (1996, 1998, 2000)

Wet Cells Cold Stored for 1,5, & 7 Yrs
Comparative RNH 90-9 Lot 3 Cells (3/97 Activation)
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The SM4 cell build included a nunber of cells to be
used to study cell dry storage paraneters with cells
removed fromdry storage at 0, 2, and 4 years,
activated and submtted to COMSAT and NWSC- Crane for
a nunber of Stress and nominal mssion life cycle
testing.
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SM4 DPA Studies |
CELL CAPACITY (C/2) Precharge Capacity - Ni Plates
Act. DPA Dry Store | Wet Store 10°C 2nd Plateau 20°C Electrical Chemical Total
CELL ID Date Date Life (Yrs) | Life (Yrs) | Ahto 1.0V Ah Ahto 1.0V | Ah (Stack) | Ah (Plate) Ah
10-564 Jun-96 Aug-97 0 1.2 925 1.0
10-572 Jun-96 Aug-97 0 1.2 90.8 0.3
110-599 Jun-96 Aug-97 0 89.8 0.5 79.6
-625 Jun-96 Aug-97 0 0.8 0.6
-692 Jun-96 Aug-97 0 1 0.8
-749 un-96 Aug-97 0 .9 0.6
-755 un-96 Aug-97 0 1 0.8
-757 Jun-96 Aug-97 0 .6 0.4 81.5
0-515 lay-98 Jan-99 0.7 4.2 4.5 75.3 14 118 13.2
1-744 lay-98 an-99 0.7 3.5 0.6
1-754 lay-98 an-99 0.7 4.5 3.9
10-511 May-98 Jun-00 2 2.1 93.4 4.9 81.0 0.0 7.9 7.9
10-621 Aug-00 May-01 4 0.8 85.0 0.8 732 3.1 13.4 16.5
11-740 Aug-00 May-01 4 0.8 89.3 3.1 83.1 14 15.7 17.1
10-583 Aug-00 Oct-05 4 5.2 923 7.7 76.8 0.3 9.6 9.9
11-643 Aug-00 Oct-05 4 5.2 91.6 7.3 75.9 0.3 114 11.7
10-605 Aug-00 Oct-07 4 7.2 94.7 5.8 82.4 0.2 9.7 9.9
11-718 Aug-00 Oct-07 4 7.2 95.1 6.0 82.5
3-142 Mar-97 Aug-06 0 9.4 102.5 2.3 92.26 0.5 11.5 12.0
3-172 Mar-97 Aug-06 0 9.4 98.8 0.7 87.01 1.7 15.7 17.4
3-102 Mar-97 Oct-07 0 10.6 103.3 12 91.5 0.5 8.3 8.8
3-165 Mar-97 Oct-07 0 10.6 102 11 90.3
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HST SMA Cells in significant nunbers have been
submtted to COMSAT Labs for DPA analysis. The
results show sone inpact upon the positive nickel

el ectrode due to wet storage tine. RNH 90-9 Lot 3
Cells, also manufactured wth Col orado Springs

ni ckel plaque during the sane 1996 tinme franme, were
transferred to HST from LMSSC for this wet life

st udy.

Note that the cell capacity at 10C increases with
age by about 10% over the 8 years of wet |ife age.
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El ectrical cell capacity testing at 10 C of the
cells, prior to DPA, show an increase of the second
pl at eau capacity of about 6% over the 8 year wet
l'ife period.
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SM4 DPA Studies
Cell Reversal (C/40)

Act. DPA VOLTAGE (V) at
Date Date 0.5min]|2.5 min] 5 min

HST 10/11
S/N 10-621 Aug-00 | May-01 | -0.185 | -0.298 | -0.332
S/N 11-740 Aug-00 | May-01 | -0.125 | -0.268 | -0.329
S/N 10-583 Aug-00 Oct-05 -0.10 | -0.42 | -0.56
S/N 11-643 Aug-00 Oct-05 -0.06 -0.43 | -0.56
S/N 10-605 Aug-00 Jul-07 -0.2 -1.42 | -1.52
S/N 11-718 Aug-00 Jul-07 -0.2 -1.4 -1.51

LM 90-9

SIN 3-142 Mar-97 | Aug-06 -0.11 -0.26 | -0.39
SIN 3-172 Mar-97 | Aug-06 -0.08 -0.23 ] -0.35
S/N 3-102 Mar-97 Jul-07 -0.01 -0.3 -0.38
S/N 3-165 Mar-97 Jul-07 -0.01 -0.29 | -0.36
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Cells are submtted for DPA, since 2001, have been
subjected to a wake-up cycle which, after cel
drain, is followed by a 5 mnute cell reversal test
at rate of C/40. This chart summarizes the cel
potential during reversal, as a function of reversal
time. Note that all tests showed voltages above -
0.6 V, representative of nickel precharge, after 5
m nutes of reversal, EXCEPT this years test of HST
cells with 7 years wet |ife. These cells showed a
slight shoul der during the very begi nning of the

di scharge whi ch suggests very margi nal nickel
precharge still renaining.
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SM4 DPA Studies
Gas Analysis

10 C Capacity SIN 11-718 | SIN 3-165 ; ;
T A o1 5755 - Capacity Increasing
C/10 (Ah) 99.48 99.11 } ; nd
Chrg. Retn (Ah) 75.76 85.75 Increasing 2" Plateau
0, .
Chrg Retn (6) 8.9 87.8 - Nominal Vacuum All Cells
Gas Analysis SIN11-718 | SIN 3-165 - Indication of Ni-Precharge
Chamber Volume (cc) 1422.84 1422.75 . )
Cell Volume (cc) 708.71 643.46 - Positive Electrode (Ni)
Cell Pressure (psia) 0.78 1.36
- Some Swelling
P (%) P (%) ) _ _ _
Hydrogen 2.00 0.02 - Blistering with Wet Life
Helium 0.04 0.01 . .
Methane 0.40 0.04 - Negative Electrode (H2) - Nominal
Water 52.00 0.40
Nitrogen 41.00 73.00 - Separator - Nominal
Oxygen 3.60 25.00
Argon 8.97 1.10 - Electrolyte Distribution - Nominal
Carbon Dioxide 0.21 0.03
Wet Life (Yrs) 7.2 10.6
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COVBAT Labs has neasured the volune of gas in DPA
cells by quickly placing a plastic tubing over the
fill tube which was breached with a Drenel saw. The
gas is nmeasured using a Wet Test Meter, which is a
wat er di spl acenent devi ce.

Two cells as part of the 2007 DPA were submitted to
Aer ospace Corporation for a nore precise gas

anal ysis. This analysis involves placing the cel
into a vacuumtight container, evacuating it,
puncturing the cell with a sharp auger, and then
nmeasuring the quantity of gas released and its
conponents.

An internal cell pressure of 0.78 psia was observed
with the HST 11-718 cell, while the RNH 90-9 3-165
cell was 1.78 psia. These results indicate that
both cells still have nickel precharge. The cel
gas analyzed by RGA with the results tabul ated
above.
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Goddard Space Flight Center
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The SM4 Flight Spare Battery (S/N 1160) and the two
Flight Modules (S/N 1161 — 1166) were received at
GSFC in Jan-04 for cold storage. The SM4 FSB has
been subjected to capacity testing in 2006 and 2007
to evaluate the condition of the battery. This
chart details the capacity testing both at Eagle
Picher and at GSFC. There is no apparent
degradati on due to cold storage with the observed
results typical of test variances.
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Goddard Space Flight Center

Battery 1160 0 °C Conditioning (Cycle 2)
Battery Voltage vs Capacity
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This chart shows the battery capacity curves at 0 °C
over the testing period. Note that there is no sign
of a second plateau in these curves, which was
confirmed by individual cell voltage data.
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-0.10 £

Since early 2006 the individual cells potential of
the two Flight Mddul es and the Flight Spare Battery
have been nonitored with these assets at OCV in cold
storage. Surprisingly there are sone cells with
declining cell potentials which can not be
expl ai ned. The exanple here is of one of 6
batteries in the Flight Mdul es which denonstrated
this trend. The Flight Spare Battery has not
denonstrated this signature. The data points prior
to 2006 are taken at periodic voltage checks or
during the thermal equilibration period prior to a
ATP test sequence.
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- On Orbit Batteries Require Replacement by 2009
- SM4 Replacement Batteries

- 1996 Manufacture & Dry Store 4 Years
Activated in 2000

Capacity Tests are Positive on Flight Spare Battery
- Capacity Increase, As Expected
- Minimal Second Plateau (~5 %)
- Flight Modules — Test Scheduled ~Feb. 2008
- Backup SM4 Replacement Battery Set
- Very Tight Manufacture Schedule
- Work Stopped - On Hold
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Anal ysis of On-Orbit battery performance indicates SM4
repl acenment of batteries should be perfornmed in 2008 in
order to maintain science operations with adequate safety
margins. The SM4 cells were manufactured in 1996, dry
stored until 2000, and then activated. These batteries
wi |l have total age of 12 years when and if they are

pl aced onto HST. A replacenent set of SM4 batteries have
entered the manufacturing process at Eagle Picher. A
normal 24 nonth production cycle nust be squeezed to 15
nmonths in order to neet the schedul ed | aunch date, not
earlier than Aug. 2008. This production was placed on
hol d due to NASA budgetary pressures.
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