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ABSTRACT 

The NASA Ames-Dryden F l i g h t  Research Faci  1 i t y  a t  
Edwards, C a l i f o r n i a  operates a mixed f l e e t  o f  
research a i r c r a f t  employing nickel-cadmium (NiCd) 
b a t t e r i e s  i n  a v a r i e t y  o f  f l i g h t - c r i t i c a l  a p p l i -  
ca t ions .  Dryden's B a t t e r y  Systems Laboratory  
(BSL), a computerized f a c i l i t y  f o r  b a t t e r y  main- 
tenance s e r v i c i n g ,  has evolved over two decades 
i n t o  one o f  t h e  most advanced f a c i l i t i e s  o f  i t s  
k i n d  i n  t h e  world. Recently a major BSL upgrade 
was i n i t i a t e d  w i t h  t h e  goal o f  modern izat ion 
t o  p r o v i d e  f l e x i b i l i t y  i n  meeting t h e  needs o f  
f u t u r e  advanced p r o j e c t s .  The new f a c i l i t y  w i l l  
be c a l l e d  t h e  Aerospace Energy Systems Labora- 
t o r y  (AESL) and wi 11 employ d i s t r i b u t e d  process- 
i n g  l i n k e d  t o  a c e n t r a l i z e d  data base. AESL 
w i l l  be both a m u l t i s t a t i o n  s e r v i c i n g  f a c i l i t y  
and a research l a b o r a t o r y  f o r  t h e  advancement o f  
energy s torage system maintenance techniques. 
Th is  paper descr ibes t h e  base l ine  requirements 
f o r  t h e  AESL and t h e  design approach being taken 
f o r  i t s  mechanizat ion. 

INTRODUCTION 

For  many years  t h e  NASA Ames Research Center 's  
Dryden F l i g h t  Research Faci  1 i t y  (Ames-Dryden) has 
been opera t ing  research a i r c r a f t  i n  which recharge- 
a b l e  b a t t e r i e s  serve as impor tan t  power sources 
f o r  va r ious  f l i g h t - c r i t i c a l  systems. It i s  essen- 
t i a l  t h a t  such b a t t e r i e s  undergo p e r i o d i c  s e r v i c -  
ing,  which v e r i f i e s  i n t e g r i t y ,  capaci ty ,  and load- 
c a r r y i n g  a b i l i t y ,  i n  o rder  t o  renew t h e i r  f l i g h t  
s a f e t y  c e r t i f i c a t i o n .  S e r v i c i n g  cyc les  vary from 
a few weeks t o  severa l  months, and any b a t t e r i e s  
t h a t  do n o t  meet standards are r e f u r b i s h e d  o r  
taken ou t  o f  serv ice.  Due t o  the  l a r g e  number o f  
a i r c r a f t ,  each o f  which has severa l  se ts  o f  ba t -  
t e r i e s  assigned t o  it, t h e  s e r v i c i n g  workload i s  
considerable.  Ames-Dryden has been i n c o r p o r a t i n g  
automation techniques t o  lower  t h e  cos t  o f  b a t t e r y  
s e r v i c i n g ,  w h i l e  a t  t h e  same t i m e  improv ing qual -  
i t y  and reducing turnaround times. 

The p resen t  Ames-Dryden B a t t e r y  Systems Laboratory  
(BSL) evolved over a t ime  span o f  20 years, based 

on aoals e s t a b l i s h e d  i n  t h e  1960s. At  t h a t  t i m e  
Ames-Dryden was h e a v i l y  i n v o l v e d  i n  b a t t e r y  se r -  
v i c i n g  i n  suppor t  o f  f l i g h t  t e s t i n g  o f  va r ious  
l i f t i n g  body a i r c r a f t .  L i f t i n g  bodies a r e  wing- 
l e s s  rocket-powered research a i r c r a f t  t h a t  were 
f l i g h t - t e s t e d  by r e l e a s i n g  them a t  h i g h  a l t i t u d e  
and maneuvering them t o  a prearranged l a n d i n g  
p o i n t .  Since l i f t i n g  bodies had no r o t a t i n g  e lec -  
t r i c a l  generators, a l l  power t o  operate a v i o n i c s  
systems, h y d r a u l i c  pumps, rad ios,  and instrumen- 
t a t i o n  was p rov ided  by s i  1 ve r -z i  nc (AgZn) ba t -  
t e r i e s .  These b a t t e r i e s  were charged p r i o r  t o  
each f l i y h t  us ing  cons tan t  p o t e n t i a l  charg ing  
equipment, b u t  c e l l  imbalance problems necessi -  
t a t e d  i n d i v i d u a l  c e l l  moni tor ing.  Such manual 
procedures were very time-consuming and prone t o  
e r r o r ,  and s i m i l a r  problems were l a t e r  experienced 
as nickel-cadmium (NiCd) b a t t e r i e s  came i n t o  wide 
use. Even today, proper  b a t t e r y  s e r v i c i n g  con- 
t i n u e s  t o  be a perenn ia l  problem f o r  t h e  Depart-  
ment o f  Defense (DoD) and t h e  commercial a i r l i n e s .  

I n  1970 automation was f i r s t  i n t roduced  i n t o  
t h e  BSL us ing  a commercial minicomputer and a 
200-channel scanner employing a mu1 t i p l e x e d  
analog- to-d i  g i  t a l  conver te r  (ADC) . The scanner 
moni tored b a t t e r y  c u r r e n t  and i n d i v i d u a l  c e l l  
vo l tages  u s i n g  a clamp-on mon i to r  p l a t e  i n c o r -  
p o r a t i n g  spr ing- loaded contacts .  The chargers 
were mod i f ied  t o  p rov ide  a computer i n t e r f a c e  so 
t h a t  automat ic  shutdown cou ld  be remote ly  com- 
manded. Th is  system was so successfu l  t h a t  i n  
1973 t h e  minicomputer was upgraded and t h e  ADC 
expanded t o  800 channels. A modern izat ion e f f o r t  
beginning i n  1979 brought t h e  system up t o  1024 
ADC channels, and a new computer system al lowed 
c o n t r o l  over 40 ba t te ry -charg ing  s t a t i o n s . ( l )  

I n  1987 i t  was decided t h a t  t h e  BSL r e q u i r e d  f u r -  
t h e r  modern izat ion t o  b r i n g  i t  up t o  t h e  c u r r e n t  
s t a t e  o f  t h e  a r t  i n  compute r i za t ion  and data acqui- 
s i t i o n .  The second-generat ion BSL w i l l  be c a l l e d  
t h e  Aerospace Energy Systems Laboratory  (AESL) , 
i n  keeping w i t h  i t s  expanded c h a r t e r  t o  suppor t  
a n t i c i p a t e d  f l i g h t  t e s t i n g  o f  advanced a i r c r a f t ,  
i n c l u d i n g  t h e  Nat iona l  Aerospace Plane (NASP) now 
under development. Th is  r e p o r t  w i l l  d iscuss t h e  



new f a c i l i t y  requirements t h a t  have evolved from separator  breakdown. This  e v e n t u a l l y  r e s u l t s  i n  
exper ience gained i n  t h e  BSL. I n  a d d i t i o n ,  t h e  s h o r t  c i r c u i t  se l f -d i scharge  o f  t h e  c e l l ;  F i g u r e  2  
r e p o r t  w i l l  present  a  des ign approach t h a t  cap i -  shows one p o s s i b l e  r e s u l t  where t h e  p l a s t i c  c e l l  
t a l i z e s  on systems eng ineer ing  done a t  Ames- case was mel ted through. 
Dryden i n  support of a i r c r a f t  tes t ing . (2*3 )  

BATTERY SYSTEM LABORATORY (BSL) OVERVIEW 
BACKGROUND 

F i q u r e  3 shows t h e  methodology t h a t  evolved i n  t h e  

The s e r v i c i n g  o f  NiCd b a t t e r i e s  presents severa l  
problems t h a t  stem from t h e  unusual chemist ry  o f  
t h e  s i n t e r e d  p l a t e s  and t h e i r  i n t e r a c t i o n  w i t h  
t h e  e l e ~ t r o l y t e . ( ~ )  For  a i r c r a f t - t y p e  NiCd ba t -  
t e r i e s ,  t h e  p l a t e s  consis t .  o f  a  s i n t e r e d  m a t r i x  
o f  i n e r t  m e t a l l i c  n i c k e l  impregnated w i t h  reac- 
t a n t s  immersed i n  a  s o l u t i o n  o f  30 percent  potas- 
sium hydrox ide  (KOH) i n  d i s t i l l e d  water. I n  a  
f u l l y  charged NiCd b a t t e r y ,  t h e  p o s i t i v e  ,p la tes  
a r e  impregnated w i t h  n i c k e l  oxy hydrox ide (NiOOH), 
and t h e  nega t i ve  p l a t e s  a r e  impregnated w i t h  
m e t a l l i c  cadmium (Cd). Dur ing  discharge, water 
i s  removed f rom t h e  e l e c t r o l y t e  as bo th  o f  these 
r e a c t a n t s  a r e  converted t o  m e t a l l i c  hydroxides; 
t h e  KOH i t s e l f  does n o t  take  p a r t  i n  t h e  reac t ion .  

One problem i n  d e a l i n g  w i t h  NiCd b a t t e r i e s  i s  t h a t  
i t  i s  d i f f i c u l t  t o  determine t h e  s t a t e  o f  charye 
o f  t h e  ba t te ry .  The e l e c t r o l y t e  does underyo a  
s l i g h t  s p e c i f i c  g r a v i t y  change d u r i n g  discharge, 
b u t  t h e  s t a t e  o f  charge o f  a  NiCd b a t t e r y  cannot 
be accura te ly  determined by measuring e l e c t r o l y t e  
s p e c i f i c  g r a v i t y ,  as i s  t h e  case i n  o r d i n a r y  lead- 
a c i d  b a t t e r i e s .  Likewise, b a t t e r y  v o l t a g e  i s  n o t  
a  good i n d i c a t o r  o f  s t a t e  o f  charge because t h e  
open c i r c u i t  vo l tage  remains remarkably constant ,  
independent o f  s t a t e  o f  charge. 

A second problem f r e q u e n t l y  observed i n  NiCd ba t -  
t e r i e s  i s  t h e  phenomenon o f  "memory," which causes 
t h e  c a p a c i t y  o f  a  b a t t e r y  t o  g r a d u a l l y  decrease 
w i t h  each successive discharge-charge cyc le.  This  
i s  due t o  c e l l  imbalances and can u s u a l l y  be cor -  
r e c t e d  by deep d ischarg ing  each c e l l  t o  zero v o l t s  
and then  recharging. 

B S ~  t o  s e r v i c e  a  NiCd b a t t e r y  ( t h e  main t ype  pre- 
s e n t l y  used i n  Ames-Dryden a i r c r a f t ) .  The proce- 
dure goes w e l l  beyond t h e  b a t t e r y  manufacturer 's  
recommended s e r v i c i n g  and i s  b e l i e v e d  t o  be t h e  
most exhaust ive s e r v i c i n g  done anywhere. It 
covers t h r e e  d i f f e r e n t  aspects: (1) assessing 
c o n d i t i o n  upon removal f rom t h e  a i r c r a f t ,  (2 )  
assess ing c a p a c i t y  , and (3 )  assess ing load-  
c a r r y i n g  a b i l i t y .  Dur ing t h e  course o f  t h i s  
procedure, t h e  b a t t e r y  i s  recharged severa l  
t imes and receives numerous inspec t ions .  

The purpose o f  assess ing b a t t e r y  c o n d i t i o n  upon 
removal from t h e  a i r c r a f t  i s  two- fo ld .  F i r s t ,  
i t  i s  an i n d i c a t o r  o f  t h e  h e a l t h  o f  t h e  a i r c r a f t  
e l e c t r i c a l  system s i n c e  damage can r e s u l t  f rom 
e i t h e r  under-charging o r  over - load ing  (such as 
s h o r t  c i r c u i t s ) .  Second, i t  de tec ts  b a t t e r y  
damage due t o  o p e r a t i o n a l  abuses, such as han- 
d l i n g  mishaps and temperature extremes. The case 
leakage t e s t  i s  designed t o  d e t e c t  e l e c t r o l y t e  
s p i l l a g e  due t o  c e l l ' r u p t u r e  o r  v e n t i n g  f rom t h e  
f i l l e r  cap. The r e t u r n  c a p a c i t y  t e s t  measures 
r e s i d u a l  ampere-hours (A-H) and i n d i c a t e s  whether 
s a f e t y  margins remain adequate i n  t h e  p a r t i c u l a r  
a p p l i c a t i o n .  Fo l low ing  t h i s ,  each c e l l  i n  t h e  
b a t t e r y  i s  f u l l y  d ischarged u s i n g  i n d i v i d u a l  l oad  
r e s i s t o r s ,  thus  min imi  z i n g  t h e  memory phenomenon. 

The main capac i t y  t e s t  i s  performed a f t e r  a  f u l l  
charge (No.1) has been p laced  i n t o  t h e  b a t t e r y  and 
t h e  b a t t e r y  has been a l lowed t o  cool .  Dur ing  
charging, t h e  b a t t e r y  must be moni tored f o r  p roper  
cu r ren t ,  c e l l  vo l tages,  and temperature. Dur ing 
d ischarge these same parameters must remain w i t h i n  
normal l i m i t s ,  and i n  a d d i t i o n ,  t h e  i n t e g r a t e d  A-H 

A  t h i r d  problem i s  t h e  p o t e n t i a l  f o r  e l e c t r o l y t e  must meet o r  exceed r a t e d  capaci ty .  s i n c e  subse- 
quent charg ing has t h e  same c u t o f f  c o n d i t i o n s  as 

contaminat ion. Atmospheric carbon d i o x i d e  w i l l  
combine w i t h  t h e  KOH t o  form carbonates i f  t h e  charge No. 1, t h e  main c a p a c i t y  t e s t  i s  b e l i e v e d  

c e l l  caps a re  l e f t  o f f  f o r  extended per iods  o f  
t o  accura te ly  p r e d i c t  t h e  s t a t e  o f  charge when t h e  

t i m e  d u r i n q  se rv ic inq .  A second source o f  con- b a t t e r y  i s  u l t i m a t e l y  r e t u r n e d  t o  serv ice.  

t a m i n a t i o n - i s  fumes From lead-ac id  b a t t e r i e s  i f  
they  a re  se rv iced  i n  c l o s e  p r o x i m i t y  t o  t h e  NiCd 
s e r v i c i n g  area. It i s  mandatory t h a t  on ly  d i s -  
t i l l e d  o r  de ion ized  water  be added t o  a  NiCd 
c e l l  t o  make up f o r  loss  due t o  evaporat ion 
and e l e c t r o l y s i s .  

Two problems can occur d u r i n g  NiCd b a t t e r y  charg- 
i n g  t h a t  have t h e  p o t e n t i a l  f o r  c e l l  damaye and 
opera to r  hazard. The f i r s t  i s  exp los ive  hydrogen 
l i b e r a t e d  d u r i n g  normal charg ing by e l e c t r o l y s i s ;  
t h i s  problem i s  made worse by overcharging. F i g -  
u r e  1 shows t h e  consequences o f  i g n i t i o n  o f  hydro- 
gen t rapped i n  a  NiCd c e l l .  Another problem i s  
t h e  damaging e f f e c t s  o f  overtemperature d u r i n g  
charging. A phenomenon c a l l e d  thermal runaway 
can occur  a t  h i g h  charg ing  r a t e s  lead ing  t o  p l a t e  

The load  t e s t  i s  performed a f t e r  a  second f u l l  
charge (No.2) has been p laced  i n t o  t h e  b a t t e r y  
and t h e  b a t t e r y  i s  a l lowed t o  coo l  again. Dur ing  
charging, n o t  o n l y  must c u r r e n t ,  vo l tage,  and tem- 
p e r a t u r e  remain w i t h i n  l i m i t s ,  b u t  i n t e r c e l l  v o l t -  
age d i f f e r e n c e s  a r e  c l o s e l y  watched t o  d e t e c t  any 
imbalances. Dur ing l o a d  t e s t ,  a  h i g h  c u r r e n t  
d r a i n  i s  b r i e f l y  p laced on t h e  b a t t e r y  u s i n g  
e i t h e r  a  constant  load  o r  a  p rogramed v a r i a b l e  
c u r r e n t  p r o f i l e .  Th is  determines t h e  b a t t e r y ' s  
a b i l i t y  t o  d e l i v e r  expected demands i n  t h e  a i r -  
c r a f t  w h i l e  m a i n t a i n i n g  proper  v o l t a g e  l e v e l .  A  
f i n a l  charge (N0.3) i s  p laced  i n  t h e  b a t t e r y  imme- 
d i a t e l y  b e f o r e  d e l i v e r y ,  and a  f i n a l  leakage t e s t  
i s  performed t o  v e r i f y  c e l l  i n t e g r i t y .  A q u a l i t y  
assurance buy-o f f  completes t h e  s e r v i c i n g  cycle. 



F i g u r e  4 shows an overview o f  t h e  present  BSL con- 
f i g u r a t i o n .  A f t e r  many years of use fu l  se rv ice ,  
t h i s  equipment i s  near ing  obsolescence and wi 11 
be t o t a l l y  rep laced  d u r i n g  t h e  t r a n s i t i o n  t o  t h e  
AESL con f igu ra t ion .  I n  a d d i t i o n ,  c e r t a i n  a r c h i -  
t e c t u r a l  changes a r e  planned, owing t o  what i s  
now b e l i e v e d  t o  be a  shortcoming of t h e  present  
a r c h i t e c t u r e :  Both the  data a c q u i s i t i o n  system 
and t h e  c o n t r o l l e r  system a r e  c e n t r a l i z e d  and as 
such c o n s t i t u t e  s i n g l e - p o i n t  f a i l u r e s .  

F i g u r e  5  shows a  t y p i c a l  b a t t e r y  be ing serv iced  a t  
s t a t i o n  35 w i t h  t h e  mon i to r  p l a t e  clamped t o  t h e  
t o p  o f  t h e  b a t t e r y  case. The w i r i n g  harness v i s i -  
b l e  i n  t h e  background i s  rou ted  a long an overhead 
cab le  ladder  and connects t h e  s t a t i o n  bench t o  t h e  
c e n t r a l  ADC. This t ype  of w i r i n g  represents a  
f u r t h e r  disadvantage o f  c e n t r a l i z e d  ADC: It pre -  
ven ts  t h e  benches from be ing  e a s i l y  r e l o c a t e d  t o  
accomodate f l o o r  p l a n  changes. 

F i g u r e  6 shows t h e  c u r r e n t  and vo l tage  waveforms 
f o r  t h e  most commonly used charger i n  t h e  BSL: 
t h e  C h r i s t i e  Re f lex  ChargerIAnalyzer. The pu lse  
waveshape c rea tes  problems o f  e lect romagnet ic  
i n t e r f e r e n c e  and inaccura te  measurement o f  c u r r e n t  
and vo l tage  due t o  i n s u f f i c i e n t  sample r a t e  o f  t h e  
p resen t  ADC. This causes improper A-H i n t e g r a t i o n  
and makes t h e  values d isp layed  t o  t h e  opera to r  
very noisy. 

AEROSPACE ENERGY SYSTEMS LABORATORY (AESL) 

Requi rements 

The f i n a l  o v e r a l l  requirements f o r  t h e  AESL may be 
broken i n t o  t h e  f o l l o w i n g  f i v e  ca tegor ies :  

Improve R e l i a b i l i t y  - 
o New s t a t e - o f - t h e - a r t  hardware 
o  Decen t ra l i zed  a r c h i t e c t u r e  t o  reduce w i r i n g  
o  I n d u s t r i a l  grade r e a l - t i m e  o p e r a t i n g  system 
o  F a u l t - t o l e r a n t  p a r t i t i o n e d  system phi losophy 
o  Stand-alone opera t ions  o f  system components 

Upgrade Cent ra l  System - 
o Incorpora te  b a t t e r y - s p e c i f i c  s e r v i c i n g  h i s -  

t o r y  a r c h i v e  
o  Incorpora te  p r o j e c t - s p e c i f  i c  a p p l i c a t i o n s  

da ta  base 
o  Incorpora te  b a t t e r y - t y p e  c h a r a c t e r i s t i c s  

da ta  base 
o  Incorpora te  independent ly  powered c l o c k  

and ca lendar  

Improve Sa fe ty  - 
o Incorpora te  c e l l  emissions d e t e c t o r  
o  Incorpora te  case temperature sensiny 
o  Incorpora te  runaway c e l l  d e t e c t i o n  a l g o r i t h m  
o  Incorpora te  deadman t i m e r s  i n  c o n t r o l  loops 
o  Prov ide independent p r imary  power shut-  

down r e l a y s  

Improve Accuracy - 
o Increase data a c q u i s i t i o n  sample r a t e  
o  Perform amp-hour i n t e g r a t i o n  a t  100 Hz 

o r  more 
o  Incorpora te  a lgor i thms f o r  pu lsed wave- 

form a n a l y s i s  
o  Incorpora te  p r o v i s i o n s  f o r  ADC c a l i b r a t i o n  

Improve P r o d u c t i v i t y  - 

o Prov ide opera to r  1/0 a t  each b a t t e r y  s t a t i o n  
o  Min imize opera to r  keyboard operat ions 
o  Prov ide r a p i d  b a t t e r y  i d e n t i f i c a t i o n  by bar-  

code tays  
o  Automate case leakage c u r r e n t  measurement 
o  Permi t  unattended o v e r n i g h t  and week- 

end opera t ions  

Overview 

F i g u r e  7  shows t h e  proposed a r c h i t e c t u r e  o f  t h e  
AESL. The c e n t r a l  system i s  a  commercial ly 
a v a i l a b l e  80286-based microcomputer system w i t h  
an added 80287 numeric da ta  processor. The bas ic  
system w i l l  be augmented w i t h  a  m u l t i p l e - u s e r  
i n p u t l o u t p u t  (110) i n t e r f a c e ,  a  s e r i a l  bus con- 
t r o l l e r ,  and a  battery-powered c lock/ca lendar .  
The s e r i a l  data bus employs t h e  RS-485 p h y s i c a l  
l i n k  s tandard w i t h  a  communications p r o t o c o l  t h a t  
i s  a  subset o f  o r d i n a r y  synchronous data l i n k  con- 
t r o l  (SDLC). The c e n t r a l  system i s  t h e  bus super- 
v i s o r  and con t inuous ly  p o l l s  t h e  s l a v e  bus i n t e r -  
face hardware i n  each o f  t h e  addressable b a t t e r y  
s t a t i o n s .  The p r e s e n t l y  planned i n i t i a l  con f igu -  
r a t i o n  i s  f o r  a  complement o f  10 b a t t e r y  s t a t i o n s ,  
7  o f  which wi 11 hos t  r e f l e x  chargers, and 3 o f  
which w i l l  hos t  cons tan t  c u r r e n t  chargers. 

F i g u r e  8  shows t h e  hardware s u i t e  f o r  a  t y p i c a l  
b a t t e r y  s t a t i o n .  The c o n t r o l l e r  has been engi -  
neered a t  hes -Dryden  and i s  b u i l t  of board com- 
ponents compat ib le  w i t h  t h e  I n s t i t u t e  o f  E l e c t r i -  
c a l  and E l e c t r o n i c  Engineers IEEE-796 standard. 
The power t o  t h e  charger lana lyzer  i s  c o n t r o l l e d  
by means o f  a  p a i r  o f  heavy d u t y  mercury d isp lace-  
ment re lays .  A  h i g h - p r e c i s i o n  100 mV/100 ampere 
shunt w i l l  be used t o  mon i to r  b a t t e r y  cu r ren t .  
The mon i to r  p l a t e  p rov ides  v o l t a g e  p i c k o f f s  on 
each c e l l  o f  t h e  b a t t e r y  and a l s o  con ta ins  a  s i n -  
g l e  temperature sensor t o  d e t e c t  h o t  emissions ( i f  
any) f rom t h e  pressure r e l i e f  va lves  i n  t h e  c e l l  
f i l l e r  caps. Four a d d i t i o n a l  temperature probes 
w i l l  be p laced under t h e  b a t t e r y  case t o  d e t e c t  
over temperature c o n d i t i o n s  i n t e r n a l  t o  t h e  ba t -  
t e r y .  The i n t e r f a c e  t o  t h e  e x t e r n a l  programmable 
l o a d  bank a l l o w s  c u r r e n t  c o n t r o l  and mon i to r ing .  

F i g u r e  9  shows t h e  b u i l d - u p  o f  a  t y p i c a l  b a t t e r y  
s t a t i o n  c o n t r o l l e r .  I t s  c e n t r a l  processor  u n i t  
(CPU) i s  a  commercial 8086-based s ing le -board  com- 
p u t e r  t h a t  has a  8087 numeric data processor  (NDP) 
i n s t a l  led.  A lso  mounted piggy-back on t h i s  board 
i s  t h e  s e r i a l  bus i n t e r f a c e  module. The ADC sub- 
system c o n s i s t s  o f  two boards: an i n t e l l i g e n t  



main board w i t h  16 i n p u t  channels and an expander 
board p e r m i t t i n g  an a d d i t i o n a l  32 channels t o  be 
scanned. The main board employs a  Z8O microproc-  
essor  programmed (by NASA) t o  scan the  48 chan- 
ne ls ,  based on i n f o r m a t i o n  conta ined i n  a  c o n t r o l  
m a t r i x  loaded by t h e  CPU. D i s c r e t e  1/0 i s  accom- 
p l i s h e d  us ing  a  s ing le-board u n i t  con f igu red  as 
t r a n s i s t o r - t r a n s i  s t o r  l o g i c  (TTL) l e v e l  i n t e r f a c e s  
f o r  t h e  opera to r  s t a t u s  and c o n t r o l  panel (SCP). 
The d ig i ta l - to -ana log-conver te r  (DAC) board pro- 
v ides a  s i n g l e  channel o f  0  t o  I O V  t o  c o n t r o l  
t h e  e x t e r n a l  programmable load  bank. The bubble 
memory c o n s i s t s  o f  two 128-Kbyte c a r t r i d g e s ,  one 
o f  which con ta ins  t h e  program software, t h e  o ther  
i s  used f o r  da ta  storage. 

F i g u r e  10 shows t h e  proposed layou t  o f  t h e  SCP f o r  
each b a t t e r y  s t a t i o n .  Th is  u n i t  g i ves  t h e  opera- 
t o r  s u f f i c i e n t  c o n t r o l  and mon i to r ing  f o r  normal 
opera t ions  (when c e n t r a l  system serv ices  a r e  
a v a i l a b l e )  such t h a t  a  t e r m i n a l  i s  n o t  requi red.  
I n  a d d i t i o n ,  i t  w i l l  serve as a  c a u t i o n  and warn- 
i n g  dev ice g i v i n g  messages i n  p l a i n  Eng l i sh  f o r  
a b o r t  cond i t i ons .  A l l  so f tware  i n t e r f a c e s  w i l l  
be s t r u c t u r e d  so t h a t  an opera to r  need n o t  be 
t r a i n e d  i n  computer opera t ions  t o  per form rou- 
t i n e  b a t t e r y  se rv ic ing .  

F i g u r e  11 shows how t h e  proposed AESL w i l l  func- 
t i o n .  The opera to r  i n t e r f a c e s  a t  t h e  b a t t e r y  s ta -  
t i o n  c o n s i s t  o f  a  hand-held barcode reader gun, 
t h e  SCP, and a  beeper alarm. The i d e n t i f y i n g  bar- 
code t a g  on t h e  s i d e  o f  t h e  b a t t e r y  i s  read, and 
t h e  appropr ia te  data base f i l e s  a r e  t r a n s f e r r e d  
f rom t h e  c e n t r a l  system. The opera to r  a t taches 
t h e  mon i to r  p l a t e  and temperature probes, s e l e c t s  
t h e  mode o f  o p e r a t i o n  u s i n g  t h e  SCP, s e t s  up t h e  
proper  s e t t i n g s  on t h e  charger lanalyzer ,  and i n i -  
t i a t e s  t h e  operat ion.  At t h e  complet ion o f  t h e  
opera t ion ,  t h e  s t a t i o n  c o n t r o l l e r  shuts  down t h e  
charger, a l e r t s  t h e  operator ,  and t r a n s f e r s  t h e  
da ta  generated d u r i n g  t h e  opera t ion  t o  t h e  cen- 
t r a l  system t o  be archived. At  a l l  t imes, t h e  
complete s e r v i c i n g  h i s t o r y  f o r  each b a t t e r y  i s  
access ib le  f o r  rev iew us ing  a  terminal .  I n  addi -  
t i o n ,  t h e  c e n t r a l  system has t h e  r e a l - t i m e  s t a t u s  
o f  each b a t t e r y  s t a t i o n  a v a i l a b l e  f o r  rev iew us ing  
a  t e r m i n a l .  

The so f tware  f o r  t h e  AESL w i l l  be con f igu red  such 
t h a t  a  b a t t e r y  s t a t i o n  can be operated i n  stand- 
a lone  fash ion  i f  f o r  any reason t h e  serv ices  o f  
t h e  c e n t r a l  system are  n o t  ava i lab le .  Such might  
be t h e  case i f ,  f o r  example, t h e  b a t t e r y  s t a t i o n  
i s  t r a n s p o r t e d  t o  a  remote l o c a t i o n ,  o r  i f  t h e  
c e n t r a l  system i s  down f o r  maintenance. I n  t h i s  
mode o f  operat ion,  t h e  opera to r  must p l u g  a  t e r -  
m ina l  i n t o  t h e  s t a t i o n  and c o n f i g u r e  i t s  sof tware 
manual ly . Any s e r v i c i n g  records generated a r e  
t e m p o r a r i l y  s t o r e d  i n  bubble memory f o r  l a t e r  
t r a n s f e r  t o  t h e  c e n t r a l  system. A  l i n e  p r i n t e r  
p o r t  i s  a l s o  a v a i l a b l e ,  should t h e  opera to r  wish 
t o  make immediate hard copies o f  any o f  t h e  data. 

Th is  proposed AESL design p rov ides  increased 
s a f e t y  margins i n  t h e  two p r i n c i p a l  areas o f  
concern: overtemperature and e l e c t r o l y s i s .  The 
main guard ian i n  t h e  p reven t ion  of overtempera- 

t u r e  i s  t h e  runaway c e l l  d e t e c t i o n  a l g o r i t h m  i n  
t h e  b a t t e r y  s t a t i o n  c o n t r o l l e r  software. Thls 
a l g o r i t h m  w i l l  immediately d e t e c t  any c e l l  v o l t -  
age drop d u r i n g  charg iny  and w i l l  shu t  down t h e  
charger. The b a t t e r y  case temperature probes 
w i l l  p r o v i d e  a d d i t i o n a l  sa fe ty  margin, b u t  t h e  
response i s  s u f f i c i e n t l y  slow t h a t  negat ive c e l l  
dv /d t  i s  expected t o  be t h e  main sensing means. 
While e l e c t r o l y s i s  and accompanying hydrogen gas 
1  i b e r a t i o n  a r e  n o t  d i r e c t l y  d e t e c t a b l e  (w i thou t  a  
hydrogen gas de tec to r ) ,  t h e  h o t  emissions tempera- 
t u r e  probe a t  t h e  t o p  o f  t h e  b a t t e r y  i s  expected 
t o  q u i c k l y  show a  temperature r i s e  should major 
re leases occur. I f  t h e  c o n t r o l l e r  sof tware senses 
t h a t  t h i s  temperature readout v i o l a t e s  a  p rese t  
th resho ld ,  charg ing opera t ions  a r e  shu t  down. 
The respons ib le  c e l l ( s )  can then  be i d e n t i f i e d  
by v i s u a l  i nspec t ion .  

An a d d i t i o n a l  s a f e t y  f e a t u r e  i s  t h e  f a i l - s a f e  
des ign o f  t h e  charger /analyzer  shutdown c i r c u i t r y .  
The pr imary power r e l a y s  t h a t  a r e  e x t e r n a l  t o  t h e  
charger  a r e  c o n t r o l l e d  by a  hardware deadman t i m e r  
i n  t h e  c o n t r o l l e r  CPU. This  t i m e r  i s  i n  t h e  form 
o f  a  r e t r i g g e r a b l e  one-shot m u l t i v i b r a t o r  t h a t  has 
a  100 msec per iod.  The c o n t r o l l e r  so f tware  must 
r e t r i g g e r  t h e  one-shot a t  g rea te r  than  a  10 Hz 
r a t e ;  should e i t h e r  hardware f a i l u r e  o r  so f tware  
e r r o r  prevent  i t  f rom do ing  so, t h e  deadman opens 
t h e  re lays .  Once t h e  r e l a y s  open, t h e  charger  can 
o n l y  be brought back on l i n e  by t h e  operator .  

Development Plan 

The i n i t i a l  phase o f  AESL development w i l l  be 
devoted t o  t h e  c o n s t r u c t i o n  o f  a  p ro to type  ba t -  
t e r y  s t a t i o n  module. Th is  p r o t o t y p e  w i l l  be 
t e s t e d  i n i t i a l l y  i n  stand-alone mode; f o l l o w i n g  
i n i t i a l  v e r i f i c a t i o n  and v a l i d a t i o n  i n  t h e  eng i -  
neer ing  labora to ry ,  i t  w i l l  be t u r n e d  over  t o  BSL 
personnel f o r  a  30-day shakedown. Specia l  empha- 
s i s  w i l l  be g iven  t o  t e s t i n g  t h e  opera to r  i n t e r -  
face r o u t i n e s  and t o  t h e  charger  waveform ana l -  
y s i s  a lgor i thms.  

The second phase o f  t h e  e f f o r t  w i l l  concen t ra te  on 
t h e  c o n s t r u c t i o n  and programming o f  t h e  c e n t r a l  
system. A  l a r g e  amount o f  e f f o r t  i s  a n t i c i p a t e d  
t o  develop t h e  data base f i l e  s t r u c t u r e s  and sup- 
p o r t  software. The system w i l l  f i n a l l y  be t e s t e d  
on t h e  data bus w i t h  t h e  p r o t o t y p e  b a t t e r y  s ta -  
t i o n  t o  evaluate bus t r a f f i c  message s t r u c t u r e s  
and t r a n s p o r t  t ime  delay ef fects .  The user  t e r -  
minal  i n t e r f a c e s  wi 11 be checked o u t  b o t h  i n  
da ta  te rm ina l  i n t e r f a c e  (DTI) mode and i n  modem 
channel mode. 

The f i n a l  phase o f  t h e  e f f o r t  w i l l  be t h e  con- 
s t r u c t i o n  o f  t h e  f i r s t  10 p r o d u c t i o n  b a t t e r y  s ta -  
t i o n  modules. The p r o t o t y p e  w i l l  become an eng i -  
neer ing  brassboard used t o  develop and eva lua te  
new software. 

CONCLUDING REMARKS 

The e x i s t i n g  NASA Ames-Dryden BSL has p rov ided  a  
wea l th  o f  opera t ions  exper ience i n  t h e  s e r v i c i n g  
o f  a i r c r a f t  b a t t e r i e s  and has accumulated a  l a r g e  



data  base o f  h i s t o r i c a l  records. I t s  computerized 
system has been commended by b a t t e r y  n~anu fac tu re rs  
and o t h e r  government agencies i n v o l v e d  i n  s i m i l a r  
s e r v i c i n g  operat ions.  The requirements f o r  t h e  
new AESL b u i l d  on t h i s  exper ience by s p e c i f y i n y  
numerous enhancements w h i l e  r e t a i n i n g  proven fea- 
t u r e s .  S i m i l a r l y ,  t h e  proposed mechanizat ion f o r  
t h e  AESL b u i l d s  on proven systems design exper i -  
ence gained from o t h e r  programs a t  Ames-Dryden. 
The r e s u l t i n g  AESL design i s  be l ieved  t o  o f f e r  a  
h i g h l y  c o s t - e f f e c t i v e  approach t o  meeting t h e  
des ign  requirements. 

NOMENCLATURE 

ADC a n a l o g - t o - d i g i t a l  conver te r  

AESL Aerospace Energy Systems Laboratory  

AgZn s i  1  ve r -z inc  

A-H ampere-hours 

Ames-Dryden NASA Ames Research Center, Dryden 
F l i g h t  Research F a c i l i t y  

BSL B a t t e r y  Systems Laboratory  

CPU c e n t r a l  process ing u n i t  

DAC d i g i t a l - t o - a n a l o g  conver te r  

DoD Department o f  Defense 

DT I data te rm ina l  i n t e r f a c e  

IEEE I n s t i t u t e  o f  E l e c t r i c a l  and 
E l e c t r o n i c  Engineers 

KOH po tass i  um hydrox ide  

NASP n a t i o n a l  aerospace p lane  

NDP numeric data processor  

Ni Cd nickel-cadmium 

Ni OOH n i c k e l  oxy hydrox ide 

SCP s t a t u s  & c o n t r o l  panel 

SULC synchronous data l i n k  c o n t r o l  

TTL t r a n s i s t o r - t r a n s i s t o r  l o g i c  
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Figure 1. Exptosive failure of NiCd cell. Figure 2. Overtemperature faiture of NiCd cell. 
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i n  t h e  world. Recent ly  a  major  BSL upgrade was i n i t i a t e d  w i t h  t h e  
goal o f  modern izat ion t o  p rov ide  f l e x i b i l i t y  i n  meeting t h e  needs o f  
f u t u r e  advanced p r o j e c t s .  The new f a c i l i t y  w i l l  be c a l l e d  t h e  
Aerospace Energy Systems Laboratory  (AESL) and w i l l  employ d i s t r i b u t e d  
process ing l i n k e d  t o  a  c e n t r a l i z e d  data base. AESL w i l l  be bo th  a  
m u l t i s t a t i o n  s e r v i c i n g  f a c i l i t y  and a  research l a b o r a t o r y  f o r  t h e  
advancement of energy s torage system maintenance techniques. This  
paper descr ibes t h e  base l ine  requirements f o r  t h e  AESL and t h e  des ign 
approach beiny taken f o r  i t s  mechanization. 
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