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NOAA 26.5 A h LEO CHARACTERIZATION TEST 

GEORGE W MORROW 

NASA/Goddard Space Flight Center, Greenbelt, MD 20771 (US A ) 

Summary 

Five General Electric (GE) 26.5 A h NOAA-G flight nickel-cadmium 
cells were obtained from RCA-Astro Electronics to undergo performance 
characterization testmg at the Goddard Space Flight Center (GSFC). This lot 
of cells was manufactured with passivated positive plate, to control mckel 
structure attack dunng active material Impregnation, and less electrolyte 
than normal (<3 ml/A h). The cells were tested m a parametric Low Earth 
Orbit (LEO) cycling regime that had previously been used to test and charac- 
terize GSFC standard 50 A h cells. Life cycle testmg at the U.S. Naval 
Weapons Support Center (NWSC) m Crane, Indiana followed The results 
of the test showed nominal performance by comparison with previous 
test data on the standard 50. Life cycle testmg m the NOAA orbital regime 
is contmumg at NWSC 

Introductron 

The NOAA-G spacecraft battery cell flight lot was manufactured by 
General Electric (GE) m Gamesvllle, Flonda, the subcontractor for RCA- 
Astro Electromcs, the satellite contractor GE fabncated these cells usmg a 
new positive electrode processmg step designed to increase the strength of 
the electrode by reducing attack on the mckel-smtered-structure by active 
material lmpregnatlon solutions. This passlvatlon process reduces the void 
volume of the cell, thus reducmg the amount of electrolyte that can be 
added. Questions about the rehablllty of cells with this new processmg step 
and less electrolyte brought about characterization testmg by the GSFC. 

Characterization was accomphshed by SubJectmg 5 cells to a parametnc 
LEO cyclmg regime developed to characterize GSFC standard 50 A h cells. 
Data were then compared between the cell designs Following the characten- 
zatlon test, the cells were shipped to U.S. Naval Weapons Support Center 
(NWSC) for life cycle evaluation. 

Test objectives 

The ObJectives of this test program were (1) to study the behaviour of 
aerospace cells manufactured with GE positive-electrode mckel-attack- 
control passlvatlon; (u) to compare this behavior with that of cells without 
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passlvatlon, (in) to characterize the performance of these cells m a typlcal 
NOAA orbit with the same charge voltage levels as the NOAA-F spacecraft. 

Cell descrlp tlon 
The cells tested were GE 26.5 A h aerospace nickel-cadmium cells 

contammg thud (signal) electrodes. They were manufactured with Teflon- 
ated negative electrodes, cadmium treated posltlve electrodes, and positive- 
electrode nickel-attack-control passlvatlon The cells were manufactured to 
an internal GE specification approved by RCA for the NOAA-G spacecraft. 
The cells were from NOAA lot 11 activated m February 1984 and accep- 
tance tested by GE pnor to shipment to RCA 

LEO performance characterlzatlon test descrlptlon 
The cells were tested m a senes connected 5-cell pack separated and 

isolated by 3/8-m. alummum plates followed by 0 032 m PVC sheets. The 
pack was held by 3/8-m. stamless steel bolts torqued to 30 lb m -* The cell 
bottoms were filled with RTV to provide a flat, thermally conductwe 
surface The pack was wired with mdlvldual cell voltage monitors and 5 
thermocouples The thermocouples were located on the tops of cells 1, 3, 
and 5 and on the broadface center of cells 2 and 4 For the test, the pack 
bottom was coated with thermal grease and placed on an active thermal 
cooling plate m an environmental chamber 

The parametric test regime 1s shown m Table 1. Four charge rates 
(0 2 C, 0 3 C, 0.5 C, 0.8 C) and 4 drscharge rates (0.1 C, 0.2 C, 0.5 C, 0.8 C) 
were chosen for the test. The discharge rates coupled with a discharge time 
of 30 mm resulted m depths of discharge (DOD) of 5,10,25 and 40% Three 
voltage-temperature (V-T) charge voltage levels were chosen (GSFC 3, 5,7) 
as were 3 temperatures (0, 10, 20 “C) The charge voltages correspondmg to 
each temperature are shown m Fig. 1 

Durmg the test, 8 cycles of each of the 13 charge-discharge combma- 
tlons, shown m Table 1, were completed at each temperature and voltage 
level Before each temperature or voltage level change, 16 stabrhzatlon cycles 
were run A stabrllzatlon cycle consisted of one 30 mm discharge at 0.5 C 
followed by a 60 mm voltage limit taper charge at 0.5 C to GSFC voltage 
level 6 at 20 “C Eight hundred stabrhzatlon cycles were also run pnor to 
test startup to stablhze pack charactenstlcs The entire parametnc test 
consrsted of approxnnately 1900 cycles 

Results 

Throughout the test each set of 16 stabrhzatlon cycles was compared to 
chart the state of the pack. End-of-drscharge (EOD) voltage remamed con- 
stant throughout the test as did the end-of-charge (EOC) taper current level 
and C/D recharge ratio. This 1s shown on Fig 2 Capacrty performance was 
also very good consrdermg the varymg condltlons experienced A precyclmg 
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TABLE 1 

LEO performance charactenzatlon regime 

Charge rate (C) Discharge rate (C) 

01 02 05 08 

02 X X 

03 X X X 

05 X X X X 

08 X X X X 

8 Cycles at each condltlon 
Discharge time 30 mm 
Charge time 60 mm 
Voltage hmlts GSFC 3, 5,7 
Temperatures 0, 10, 20 “C 
Note 16 basehne cycles run between each voltage hmlt/temperature test to stablhze pack 
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Fig 1 NASA/GSFC standard Nl-Cd voltage/temperature charge charactenstlcs on a cell 
basis 

capacity measurement provided 33.2 A h from the cells at an average plateau 
voltage of 1.24 V/cell, while a post-cyclmg capacity check yielded 30.1 A h 
capacity at an average plateau voltage of 1.22 V/cell Capacity test data are 
provided m Fig. 3. 

Parametrlc test data were plotted m the form of percent. recharge 
(C/D) uersus voltage level and C/D uersus charge current level. These data 
were plotted agamst data from the standard 50 A h cells under the same 
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Fig 3 NOAA 26 5 A h cell LEO cyclmg test Precyclmg capacity us postcyclmg capa- 
city 0 5 C discharge to 0 75 V first cell. Temperature, 23 “C 0, precyclmg capacity, 0, 
postcycling capacity 

condltlons The trends of these plots compare very well, as can be seen in 
the sample plots of Figs. 4 - 12. Actual numerical data cannot be directly 
compared because of differences m cell design. Trend data are expected to 
compare very well for all aerospace nickel-cadmmm cells regardless of 
design, as 1s the case here. Poor correlation of trend data between cell 
designs may indicate problems related to manufacture and fabrication of 
the cells. 

Data from this test also mdlcate that the cells exhibit shghtiy lower 
voltage charactenstlcs than the 50 A h cells with which they were compared. 
Full recharge was reached m almost all cases at both voltage levels 5 and 7. 
There was, therefore, no mdicatlon of shghtly higher voltages, as might 
have been expected from cells with low amounts of electrolyte. 

NOAA regtme test results 
Following the LEO performance charactenzatlon test, the cells were 

cycled m a parametrrc regime with characteristics similar to those expen- 
enced on the NOAA-F spacecraft. The pack was discharged for 35 mm at 
0.42 C and charged for 69 mm to RCA voltage levels 1,2,3 and 4 at 10 “C. 
Eight cycles at each voltage level were performed with 16 stablhzatlon 
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Fig 4 NOAA 26 5 A h us Pack A 50 A h cells LEO cychng test % Recharge (C/D) us 
voltage llmlt Charge current 0 2 C, depth of discharge 10% Test temperatures 0, LO, 
20 “C 

cycles between each voltage level change. Full recharge (>106% C/D) was 
reached at RCA levels 3 and 4 In all other aspects, the cells performed 
nommally. 

Life cycle test at NWSC 
In June 1985 followmg all testing at the GSFC, the cells were sent to 

NWSC to undergo life cycle testmg The hfe cycle regnne 1s detaled m 
Table 2 The cells have performed nominally since the start of testmg and 

TABLE 2 

Life cycling regime 

Temperature 
Orbit 

Depth of discharge 
Charge 
Voltage hmrt 

10 “C 
104min- 69 mm charge 

35 mm discharge 
25% (11 35 A, constant I) 
7 5 A constant I to a voltage hmlt and taper 
1 47 V/cell (mitlally) 
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Fig 5 NOAA 26 5 A h us Pack A 50 A h cells LEO cycling test % Recharge (C/D) us 
voltage hmlt Charge current 0 5 C, depth of discharge 10% Test temperatures 0, 10, 
20 “C 

have undergone approxunately 1200 cycles at the tune of wntmg. The mltlal 
voltage level of 1.47 V/cell has provided approxunately 106% C/D, as is 
shown m the typical cycle plots of Figs. 13 - 16. 
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Fig 9 NOAA 26 5 A h us Pack A 50 A h cells LEO cyclmg test 4% Recharge (C/D) us 
charge current Depth of discharge 25%, temperature 10 “C 
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Fig 13 NWSC Crane life cycle 304 plot Pack 265, 26 6 A h cells, manufacturer. 
General Electric (GE), orblt LEO, life cycle 304, temp 10 “C!, depth of discharge 
25 0%, C/D hmlt 1036, dwcharge (A/h) 11.35/O 60, charge (A/h) 7 50/l 16, voltage 
hmlt (V/C) 1 470, GSFC voltage level 7, time to voltage hmlt (h), C/D ratio 1 058, 
A h out 6 781, A h m 7 175, EOC (I) 2 31 -, current, voltage cell 1, ---, 
cell 2, --, cell 3, - - -, cell 4, -----, cell 5, ----- Some loss of defmltlon IS 
mewtable due to supenmposltlon of the mdlwdual hnes 



Fig 14 NWSC Crane hfe cycle 608 plot Pack 265, 26 5 A h cells, manufacturer GE, 
orbrt LEO, hfe cycle 608, temp 10 “C, depth of drscharge 25 O%, C/D hmrt 1 036, 
drscharge (A/h) 11 35/O 60, charge (A/h) 7 50/l 16, voltage hmlt (V/C) 1 470, GSFC 
voltage level 7, time to voltage hmrt (h), C/D ratio 1 058, A h out 6 917, A h m 
7 315, EOC (I) 2 44 - current, voltage cell 1, ---, cell 2, --, cell 3, - - -, 
cell 4, -----, cell 5, ----r-- Some loss of defnntron IS mevltable due to superlmposl- 
tlon of the mdrvrdual hnes 
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Fig 15 NWSC Crane hfe cycle 801 plot Pack 265, 26.5 A h cells, manufacturer GE, 
orbit LEO, life cycle 801, temp 10 “C, depth of discharge 254, C/D limit 1 036, 
discharge (A/h) 11 35/O 60, charge (A/h) 7 50/l 16, voltage limit (V/C) 1 470, GSFC 
voltage level 7, time to voltage hmrt (h), C/D ratro 1 047, A h out 6 908, A h m 
7 233, EOC (I). 2 29 -, current, voltage cell 1, ---, cell 2,--, cell 3, - - -, 
cell 4, -----, cell 5, ------- Some loss of defuntron IS mevrtable due to superlmposl- 
tron of the mdlvldual lmes 
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Frg 16 NWSC Crane hfe cycle 1001 plot Pack 265, 26.5 Ah cells,manufacturer GE; 
orbrt- LEO, hfe cycle 1001, temp 10 “C, depth of drscharge. 25%, C/D limit: 1 036, 
discharge (A/h) 11 35/O 60, charge (A/h). 7.50/1.16, voltage hmit (V/C) 1 470, GSFC 
voltage level 7, time to voltage hmrt (h), C/D ratio 1 040, A h out 6 781, A h m 
7 051, EOC (I) 2 19 -, current, voltage cell 1, ---, cell 2, --, cell 3, - - -, 
cell 4, -----, cell 5, ------- Some loss of defmrtlon IS mevrtable due to superrmposr- 
tron of the mdlvrdual lines. 

Conclusions 

LEO performance characterization tests have shown that the capacity 
and voltage performance of these cells are nommal. Also, parametric test 
data trend plots show that these cells react m a manner consistent with 
other aerospace mckel-cadmmm cells when sublected to various charge- 
discharge currents, charge voltage levels, and temperatures. Further, these 
tests have shown that these cells obtam full recharge with the same range of 
charge voltage levels as expenence predicts. 

Parametnc tests using the voltage levels and charge-discharge currents 
of the NOAA-F spacecraft mdicate that these cells will perform satisfactorily 
under those conditions. Lastly, life cycle data durmg the first 1200 cycles of 
simulated LEO operation show no abnormal or unexpected behavror. In the 
light of the above fmdmgs, the cells should perform nommally m orbit. No 
problems are foreseen and no concern exists with regard to the low electro- 
lyte levels or the posrtlve-plate nickel-attack-control passrvatlon. 


