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INVESTIGATION OF LONG TERM STORAGE EFFECTS ON 
AEROSPACE NICKEL-CADMIUM CELL PERFORMANCE 
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Space Power Appkcatlons Branch, Code 711, NASA/Goddard Space Flqht Center, 
Greenbelt, MD 20771 (US A ) 

Summary 

A study to evaluate the long term effects on aerospace nickel-cadmium 
cells currently bemg performed at NASA/Goddard Space Flight Center 
(GSFC) IS described. A number of cells of 6 A h and 12 A h capacities which 
have been stored m shorted condition for 8 - 9 years at the GSFC have been 
selected for this study. These cells will undergo electrical acceptance testing 
at the GSFC and hfe cyclmg at the NASA Battery Test Facility at the U.S. 
Naval Weapons Support Center (NWSC) m Crane, Indiana, m addition, some 
cells from the study will undergo destructive analyses 

Introduction 

The mvestigatron of long term storage effects on aerospace mckel- 
cadmium cell performance is an important topic that has received relatively 
little attention because of the long tune that is required. Although at the 
GSFC, as well as at other facilities, there are many spare and “test” mckel- 
cadmium cells held m storage, uncertainties m the cell capabrhtles after years 
of storage have hindered their present usage. 

Another dilemma we face at the GSFC is the question of the rehabihty 
of the cells at the tune of launch. Cells for a flight prolect are procured, 
tested and battery constructed well m advance of the launch date. Inevltab- 
ly, because launch delays arise, the question of battery capability with age 
arises. In the few studies done m this area of storage effects on mckel- 
cadmium cells [l - 31, Thlerfelder et al recommend the maximum cell age 
of 3 5 years for maxnnum reliability m a 7.5 year mission [3]. In these 
studies, tests that were performed were either accelerated tests or electrical 
characterization tests after certam periods of storage. Although these tech- 
niques may be useful because of the short time avdable for the cell age 
study, we find that they are not dependable. It has been our expenence 
that the best way to gam a high degree of confidence with the cells IS to 
perform real time testing on them. 

The oblective of this study is to mvestigate the effects of long term 
storage on aerospace nickel-cadmium cells through electrical acceptance 
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testmg, real time testmg, and destructive analyses. The results from the 
study wrll be compared with previous data on these cells; namely, from 
the initial acceptance data at the GSFC and from the life cyclmg data at the 
NWSC on the cells from the same lot The study will use 12 General Electric 
(G E ) 6 A h nickel-cadmium cells (G.E. #42B006AB55/56) and 12 G E. 
12 Ah mckel-cadmium cells (G E. #42B012AB20/21) These cells have 
been chosen because of their relative abundance at the GSFC, and also 
because of availability of the GSFC acceptance data and the NWSC life 
cycling data on them These cells were stored shorted m our laboratory since 
1976 and 1977 They were purchased for the International Ultraviolet 
Explorer (I U E ) Project and are presently held as reserve cells for the 
mission Specific mformation on these cells, the assembled battery, as well 
as the performance of the I.U.E. spacecraft, is mentioned elsewhere [ 4 - 121 

Test deswip tion 

Twelve cells have been selected from each of the available I U E 6 A h 
and 12 A h cell lots at the GSFC. Of the 12 cells within the lot, 2 cells wrll 
undergo destructive analysts [ 131 The remammg 10 cells will be fabricated 
mto two 5-cell packs, one of which will be tested at the GSFC/Battery Lab., 
and the other at the NWSC Upon completion of the tests, 2 cells from each 
pack will go through destructive analysis In all, 12 cells will undergo des- 
tructive analysis. 

From each lot, one 5-tell pack will be subjected to the cell electrical 
characterization test at the GSFC that is similar to the acceptance test 
these cells underwent when they were first procured 8 - 9 years ago [14]. 
Table 1 shows the outline of the present electrical test. Direct comparisons 
between the ongmal acceptance test data and the present characterization 
data from after storage will be made 

The remammg 5-cell packs from each lot will go through an acceptance 
test at the NWSC, and then a life test The 6 A h test pack will undergo 
geosynchronous orbit cychng (GEO), whereas the 12 A h pack will operate 
at low-earth orbit cyclmg (LEO). The operating parameters for these orbits 
are shown m Table 2. These test parameters were deliberately chosen to 
operate under similar operating conditions as pack 231A for the 6 A h pack 
and pack 8G for the 12 A h pack at the NWSC [5 - 131 These two I U E 
packs, 231A and 8G, which are from the same lot as the cells bemg tested 
for this study, have been hfe cycled at the NWSC since 1978 

Prior to the start of the hfe test, 2 preconditionmg cycles will be 
performed on all cells. The first preconditioning cycle of C/10 charge for 
24 h at 20 “C and a C/l 25 discharge with a cutout voltage of 0.75 V for 
each cell will be followed by a second cycle of C/10 charge for 24 h at 10 “C 
and the same discharge profile as m the first preconditionmg discharge. 

In the LEO cyclmg, the duration of the test is planned for 1 year A 
capacity check will be performed on the 12 A h pack at the C/1.25 rate to a 
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TABLE 2 

Operating parameters of the 6 Ah and 12 Ah nickel-cadmium cell packs scheduled to be 
life cycled at NWSC, Crane, IN 

Life cycling regune 
Duration (year) 
Temperature (“C) 
Depth-of-discharge (%) 
Orbit 
Charge 
Discharge 

6 Ah Pack 12 Ah Pack 

GE0 LEO 
1 1 
10 0 
80 40 
25 day Echpse 90 mm 
C/10 C/l 25 
Eclipse C/l 25 

voltage hmlt of 0 75 V/cell on one of the cells at 6 months, and on two of 
the cells at 12 months. These cell(s) will be recharged at the C/1.25 rate to 
the voltage hrnlt and tapered until 115% recharge 1s reached. Other cells will 
remain open-cnculted durmg the check. 

Like the LEO pack, the 6 A h GE0 pack will be cycled for 1 year. 
Durmg every other solstice period, each period lastmg 2 weeks, the packs 
will be recondltloned. In the first recondltloning cycle, the pack will be 
recharged at a float rate of C/60, followed by a discharge at C/l 5 rate until 
any cell reaches 0.75 V and then open-cuculted for 5 days. Thereafter, 
each recondltlomng cycle will go through a 3-step charge. 
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