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ABSTRACT 

The first Nickel Hydrogen battery deployment onboard a commercial 
geosynchronous communications satellite was realized with the launch of the 
INTELSAT V, Flight 6 spacecraft on 19 May 1383. The initial five spacecrafts 
in this series are equipped with Nickel Cadmium batteries. Based on the data 
available on both types of batteries, design and operational performance 
comparisons of INTELSAT-V Nickel Hydrogen and Nickel Cadmium batteries are 
presented. General characteristics of the INTELSAT-V spacecraft as related 
to electrical-power-subsystem functions and battery operations are summarized. 

1.0 INTRODUCTION 

INTELSAT (International Telecommunications Satellite Organization), 
with headquarters in Washington, D.C., is a global satellite communications 
system formed in 1964 by its member countries in two segments as space and 
earth segments. The space segment consists of 14 operational and spare 
satellites distributed among the three ocean regions as Atlantic (AOR), 
Indian (IOR), and Pacific Ocean Region (POR). The INTELSAT earth segment is 
formed by 678 ground stations (owned by 109 user countries) which are linked 
to those satellites operating in each region. Although the planning, 
procurement, launch, TTC&M functions, and operational management of the space 
segment are administered by the INTELSAT organization, the construction and 
operation of the individual earth stations are performed by the user 
countries under the guidelines and standards established by INTELSAT. 
INTELsAT's services include provision of capacity in telephone, data, and 
television communications to the world community in general. as well as lease 
services in maritime and regional/domestic communications to various 
organizations. 

INTELSAT began operations in 1965 with INTELSAT I (Early Bird) and 
recently launched Flight 7 of the fifth generation satellites in the 
INTELSAT-V series. The next generation satellites of the INTELSAT-VI series 
are currently under procurement with planned commencement of service in 
mid-1986. The evolution of the INTELSAT space segment is shown in Figure 1. 



In  regards  t o  INTELSAT'S exper ience  w i th  i n - o r b i t  ope ra t i on  of 
spacec ra f t  b a t t e r i e s ,  w e  experienced t h e  f i r s t  major problem wi th  INTELSAT-IV 
b a t t e r i e s  du r ing  t h e  1976-1978 pe r iod .  The degraded performance of  b a t t e r i e s  
on board INTELSAT-IV'S r e s u l t e d  i n  f i v e  t o  s i x  years  of  f u l l  c apac i ty  
opera t ions  i n  c o n t r a s t  t o  seven yea r s  des ign  l i f e .  During t h i s  pe r iod  
var ious  a t tempts  were made t o  make t h e  optimum use  of t h e s e  b a t t e r i e s ,  among 
which powering h a l f  of  t h e  t ransponders  onboard each mal func t ion ing  
spacec ra f t  and thereby  reducing t h e  necessary  depth-of -d ischarge  helped t o  
prolong t h e  s a t e l l i t e s '  ope ra t i ona l  l i f e .  I n  a d d i t i o n ,  co loca t ion  of poor ly  
performing s a t e l l i t e s  were i n i t i a t e d  i n  e a r l y  1980 wi th  two INTELSAT-IV'S 

(F4-F5 a t  1 7 9 ' ~  l o c a t i o n )  when n e i t h e r  s p a c e c r a f t  could provide f u l l  
communications c a p a b i l i t y  dur ing  e c l i p s e  pe r iods  due t o  i n s u f f i c i e n t  power 
a v a i l a b i l i t y .  

The Nickel-Cadmium b a t t e r i e s  of INTELSAT-IVA s a t e l l i t e s ,  which 
commenced s e r v i c e  i n  1974 wi th  a  seven-year des ign  l i f e ,  have performed 
excep t iona l ly  w e l l .  Current  d a t a  i n d i c a t e  t h a t  t h e r e  i s  no s i g n i f i c a n t  
performance degrada t ion  on INTELSAT-IVA b a t t e r i e s  even a f t e r  n ine  years  of 
s e r v i c e  corresponding t o  18 e c l i p s e  seasons .  The minimum vo l t age  on 14 
b a t t e r i e s  i s  approximately 28.8 Vol t s  (1 .15 V o l t s / c e l l ) ,  wi th  measured 
capac i ty  du r ing  r econd i t i on ing  pe r iods  main ta in ing  a  minimum va lue  of 30 Amp 
Hours ( r econd i t i on ing  vo l t age :  25 V). The measured c a p a c i t y  of INTELSAT-IVA 
b a t t e r i e s ,  which c o n s i s t  of 25 hickel-Cadmium cells ,  is  26 Amp Hours (22 Amp 
Hour name-plate r a t i n g ) .  The nominal dep th-of -d ischarge  of  14 ope ra t i ona l  
b a t t e r i e s  ranged between 26-43 percent  of t h e  measured capac i ty  dur ing  t h e  
recent  e c l i p s e  season of F a l l  1983. 

Af t e r  having reasonably succes s fu l  ope ra t i ona l  experiences  with Nickel 
Cadmium b a t t e r i e s ,  e s p e c i a l l y  dur ing  t h e  INTELSAT-IVA and e a r l y  INTELSAT-V 
e r a ,  t h e  c u r r e n t  INTELSAT-V and V A ' S  ( s t a r t i n g  wi th  F l i g h t  6  launched i n  May 
1983),  and INTELSAT-VI s a t e l l i t e s  a r e  equipped wi th  Nickel-Hydrogen 
b a t t e r i e s .  Aside from t h e o r e t i c a l l y  proven improvements and l imi t ed  t e s t / l o w  
o r b i t  performance r e s u l t s  a v a i l a b l e  on Nickel-Hydrogen b a t t e r i e s ,  it can be 
expected t h a t  t h e  long-term, p r a c t i c a l  b e n e f i t s  of u s ing  t h e s e  b a t t e r i e s  may 
be proven towards t h e  e n d - o f - l i f e  of INTELSAT-V s a t e l l i t e s .  

2 . 0  GENERAL DESIGN AND OPERATIONAL CHARACTERISTICS 

The f i r s t  INTELSAT-V s p a c e c r a f t  ( F l i g h t  506) equipped wi th  a  Ni-H2 
b a t t e r y  was launched on 19 Flay 1983. S ince  t h e  launch and dur ing  t h e  r ecen t  
e c l i p s e  season of F a l l  1983, t h e  b a t t e r i e s  have been used dur ing  t h r e e  
i n c l i n a t i o n  maneuver per iods  u t i l i z i n g  t h e  e l ec t ro - the rma l  t h r u s t e r s  (ETT). 
Both b a t t e r i e s  of s p a c e c r a f t  506 were recondi t ioned  p r i o r  t o  t h e  e c l i p s e .  

A l l  INTELSAT-V'S a r e  t h r e e - a x i s - s t a b i l i z e d  s p a c e c r a f t  wi th  t o t a l  
e n d - o f - l i f e  s o l a r  a r r a y  power c a p a b i l i t y  of approximately 1500 Watts.  The 
Ni-H2 b a t t e r i e s  of t h e  l a t e r  s p a c e c r a f t  (506 through 516) c o n s i s t  of two 
27 -ce l l  modules l oca t ed  on t h e  n o r t h  and south  pane l s .  The b a t t e r y  
temperature  c o n t r o l  i s  accomplished by means of  o p t i c a l  s o l a r  r a d i a t o r s  (OSR) 
and t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r s .  The modular des ign  and loca t ion  of 
b a t t e r i e s  on a l l  INTELSAT-V s p a c e c r a f t  a r e  shown i n  F igure  2 .  



The Ni-H2 b a t t e r i e s  were d i r e c t  replacements f o r  t h e  Ni-Cad b a t t e r i e s  
of e a r l i e r  spacecraf t  with near ly  i d e n t i c a l  volume and she l f  a rea  
requirements. The top  view of each N i - H Z  b a t t e r y  assembly on t h e  north and 
south panels of the  INTELSAT-V support subsystem module is shown i n  
Figure 3. 

The INTELSAT Ni-H2 b a t t e r y  c e l l  design is s i m i l a r  t o  t h a t  of NTS-2 
(Navigation Technology S a t e l l i t e )  launched i n  June 1977 i n t o  low ea r th  o r b i t  
with 12 hours o r b i t  period.  The experimental b a t t e r y  package onboard NTS-2, 
which was developed and manufactured under INTELSAT sponsorship, cons i s t s  of 
fourteen 35-Amp Hour N i - H Z  c e l l s  with a design DOD of 60 percent and a t o t a l  
ec l ipse  load of 350 Watts. A p i c t o r i a l  view of the  INTELSAT-V b a t t e r y  
assembly and t h e  c e l l  design diagram a r e  shown i n  Figure 4.  This f igure  a l s o  
shows t h e  t y p i c a l  temperature sensor ( thermis tor)  locat ions  on a s i n g l e  
c e l l .  Each ba t t e ry  assembly contains one c e l l  with a thermis tor  and another 
with a s t r a i n  gage bridge t o  provide pressure  readouts i n  t h e  telemetry da ta .  

Table 1 shows the  design c h a r a c t e r i s t i c s  of Ni-Cad and Ni-H2 b a t t e r i e s  
f o r  comparison. The charge current  c h a r a c t e r i s t i c s  on a l l  INTELSAT-V 
spacecraf t  a r e  l i s t e d  in  Table 2. 

Figure 5 shows t h e  s impl i f i ed  diagram of one bus of t h e  INTELSAT-V 
e l e c t r i c a l  power subsystem. The o ther  bus is  i d e n t i c a l  t o  the  one shown i n  
t h i s  f igure .  The ava i l ab le  telemetry da ta  on t h e  e l e c t r i c a l  power subsystem 
parameters a r e  a s  follows: 

On Each On Both 
Function Bus/Battery Busses/Batter ies  

Battery Volts 1 
Cell  Volts 2 7 
Battery Temp 2 .  
Battery Pressure 1 
Discharge Current 1 
Charge Current 1 
Bus Current 1 
Array Current 1 
Shunt Current 1 
Bus Voltage 1 

The contro l  re lays  shown i n  Figure 5 a r e  used t o  configure the  
ba t t e ry  charge r a t e s ,  cross s t rapping,  and recondit ioning.  The 
ba t t e ry  sequencer is  a five-minute OFF/ON switch which sequen t i a l ly  
charges the  nor th  and south b a t t e r i e s  f o r  a  period of f i v e  minutes 
each. Although t h e r e  e x i s t s  an overr ide  capab i l i ty  on sequent ia l  
charging t o  switch t o  continuous charge, t h e  l a t t e r  charging mode is 
r a r e l y  used s ince  t h e  thermal and charge r a t e  design of t h e  
spacecraf t  a r e  based on sequent ia l  charging. 



3 .0  IN-ORBIT PERFORMANCE CHARACTERISTICS AND COMPARISON OF NICKEL- 
HYDROGEN AND NICKEL-CADMIUM BATTERIES 

INTELSAT has had ex t ens ive  exper ience  i n  t h e  o p e r a t i o n a l  
a spec t s  of Ni-Cad b a t t e r i e s .  With t h e  deployment of s p a c e c r a f t  506, 
which r ep re sen t s  t h e  f i r s t  Ni-H2 b a t t e r y  system on board a 
commercial geosynchronous communication s a t e l l i t e ,  we a r e  i n  a 
p o s i t i o n  t o  make a comparative assessment of t h e  performance of each 
type  of  b a t t e r y .  An at tempt  is made i n  t h i s  r e p o r t  t o  p re sen t  such 
a comparison. I t  should be noted h e r e  t h a t  a l though our  experience 
on t h e  i n - o r b i t  performance of  Ni-H2 b a t t e r i e s  is l i m i t e d  t o  one 
e c l i p s e  season ( F a l l  1983) fo l lowing  t h e  deployment of s p a c e c r a f t  
506 i n  June 1983, t h e  comperative assessment a s  shown i n  t h e  
fol lowing diagrams is  s t i l l  of  i n t e r e s t .  

Comparative performance c h a r a c t e r i s t i c s  of  a t y p i c a l  Ni-Cad 
(Spacecraf t  503, Ba t t e ry  No. 1 )  and Ni-H2 b a t t e r y  dur ing  t h e  e c l i p s e  
season of F a l l  1983 is  shown i n  F igu re  6 .  This  f i g u r e  i n d i c a t e s  a 
nominal b a t t e r y  load of  11-11.5 Amps f o r  both b a t t e r i e s ,  with 
corresponding minimum end-of-discharge vo l t ages  o f  33.6 Vol t s  and 
32.7 Volts  f o r  Ni-Cad and Ni-H2, r e s p e c t i v e l y .  Among t h e  f i v e  
INTELSAT-V's equipped wi th  Ni-Cad b a t t e r i e s ,  s p a c e c r a f t  503, Ba t t e ry  
No. 1 was s e l e c t e d  f o r  comparison w i t h  Ba t t e ry  No. 2 of s p a c e c r a f t  
506 because of s i m i l a r  load ing  c h a r a c t e r i s t i c s  du r ing  t h e  e c l i p s e  
season .  

Shown i n  Fi-gure 7 i s  t h e  comparison of t h e  vo l t age  and 
temperature  p r o f i l e s  of  s p a c e c r a f t  503,  Ba t t e ry  No. 2 w i th  t hose  of 
Ni-H2 Ba t t e ry  No. 2 of  s p a c e c r a f t  506 dur ing  t h e  24 September 1983 
e c l i p s e .  Notice he re  t h a t  DOD on both  b a t t e r i e s  a r e  s i m i l a r  ( 3 5  
p e r c e n t ) ,  and t h a t  t h e  s t e e p  vo l t age  r i s e  a t  t h e  end of charging 
cyc l e  of t h e  Ni-Cad b a t t e r y  is  not  apparent  i n  t h e  case  of t h e  Ni-H2 
b a t t e r y .  

The performar~ce d a t a  on Ni-H2 b a t t e r i e s  du r ing  t h e  longes t  
e c l i p s e  of t h e  F a l l  1983 season (23 September) i s  shown i n  
F igure  8 .  This  f i g u r e  inc ludes  b a t t e r y  v o l t a g e ,  d i scharge  c u r r e n t ,  
p r e s s u r e ,  and temperature  p r o f i l e s  du r ing  a 24-hour c y c l e ,  a s  we l l  
a s  t h e  p re s su re  and temperature  p r o f i l e s  ~ i t h  t ime  s c a l e  of two 
hours t o  show t h e  v a r i a t i o n  on t h e s e  parameters dur ing  t h e  d i scharge  
pe r iod  i n  more d e t a i l .  I t  should be po in ted  o u t  he re  t h a t  
s p a c e c r a f t  506 is  equipped wi th  a Maritime Communications System 
(MCS), and t h i s  system was undergoing i n - o r b i t  t e s t i n g  du r ing  t h e  
t ime when t h i s  d a t a  was recorded.  Hence, t h e  b a t t e r y  c u r r e n t  shown 
he re  increased  from t h e  nominal va lue  of 11.5 - 12 Amps t o  
approximately 17 Amps, r e s u l t i n g  i n  a 66 percent  DOD r e f e r ence  t o  30 
Amp Hour c a p a c i t y .  The corresponding b a t t e r y  and c e l l  vo l t ages  a r e  
31.4 Vol t s  and 1 .16  Vo l t s ,  r e s p e c t i v e l y .  



The MCS payload operat ion as  shown i n  Figure 8 represents  a  
t e s t  case ,  and heavy loading of b a t t e r i e s  a s  observed here usual ly  
does not  occur during normal opera t ions .  

The comparative p r o f i l e s  i n  vol tage ,  c e l l  vol tage ,  and 
temperature of a  Ni-Cad (spacecraf t  502, No. 2),  and a  Ni-H2 
(spacecraf t  506, No. 2) b a t t e r y  during recondit ioning is  shown i n  
Figure 9 .  The recondit ioning of both types of b a t t e r i e s  was 
performed p r i o r  t o  t h e  corresponding e c l i p s e  season by discharging 
through a  50 Ohm r e s i s t o r  u n t i l  t h e  f i r s t  c e l l  reached 0 . 9  Volt .  A t  
t h e  recondit ioning r a t e s  of C/44 (0.7 Amps) of Wi-Cad b a t t e r i e s ,  an 
average capacity increase  of 3-4 Amp Hours i s  usual ly  observed i n  
comparison with the  recondit ioning r a t e  of C/2 (15 Amps). The 
corresponding capaci ty  d i f f e r e n t i a l  i n  t h e  case of Ni-H2 b a t t e r i e s ,  
however, was measured t o  be + 1 Amp Hour (reference t o  37 A~np Hour 
o v e r a l l  capaci ty) .  This observation is  a t t r i b u t e d  t o  the  higher 
s e l f  discharging of Ni-H2 b a t t e r i e s  and/or e r r o r s  introduced i n  the  
processing of telemetry d a t a .  
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Battery Assembly Performance Characteristics 
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T a b l e  2 

B a t t e r y  Charge Array  C u r r e n t  ( I n  Amperes) 

CHARGE CONTROL ARRAY MODULE 
SEASON/LIFE 

A,D ( 6 ~  x 9s) B,E ( 2 ~  x 9s) C,F ( 3 ~  x 8s) 
VERNAL EQUINOX 

BOL 1.89 0.64 0.95 
EOL 1,68 0.57 0,86 

AUTUMNAL EQUINOX 
BOL 1.86 0.63 0.94 
EOL 1.65 0.56 0.85 

SUMMER SOLSTICE 
BOL 1.66 0.56 0.84 
EOL 1.46 0, 50 0.75 

WINTER SOLSTICE 
BOL 1.77 0.60 0.90 
EOL 1.56 0.53 0.80 

The c h a r g e  a r r a y s  can  b e  u s e d  i n  v a r i o u s  combina t ions  
t o  p r o v i d e  ra tes  i n  t h e  r a n g e  C / 1 0 0  t o  C/5. 
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Figure 1. Evolution o f  I n t e l s a t  s a t e l l i t e s .  
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INTELSAT - V Spacec ra f t  Modular Design 
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Figure  5. In t e l s a t -V  e l e c t r i c a l  power subsystem s i m p l i f i e d  block diagram. 
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Figure 6. Performance comparison of nickel- 
cadmium and nickel-hydrogen batteries during 
eclipse season of fall 1983. 
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F i g u r e  7. Performance comparison of nickel-cadmium and n i c k e l -  
hydrogen ba t ter ies  d u r i n g  l o n g e s t  e c l i p s e  of  f a l l  1983. 
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dur ing  e c l i p s e  season of f a l l  1983. 
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Figure 9. Comparison of nickel-cadmium and nickel-hydrogen 
batteries during reconditioning. 



Q. Rogers, Hughes Aircraft: On the l a s t  curve you showed roughly of the 
.95 vol ts ,  i s  that  per ce l l  from a battery average? 

A. Cooper, Intelsat :  Me have individual cel l  voltages on the spacecraft 
and,we jus t  picked one t o  show, jus t  an arbi t rary choice. 

Q. Rogers, Hughes Aircraft: Oh I see. I s  tha t ,  what i s  the discharge 
ra te  there? 

A. Cooper, Intelsat :  The discharge r a t e  i s  about a t  that  time .5 amps or 
whatever tha t  works out to  be. I t ' s  a 50 OHM res i s tor  so we are  dis- 
charging s tar t ing out a t  about .7 and we are  down to  maybe .5 a t  t h i s  
time. Very low rate .  That's C over 70. 

A. Rogers, Hughes Aircraft: Okay. Low rate.  Thank you. 

COMMENT 

Unidentified: Dennis, jus t  a comment. I s n ' t  there one less  cell  
in nickel hydrogen? 

Cooper, Intelsat :  Yeah we showed tha t  on one of the f i r s t  s l ides  
maybe I d idn ' t  point that  out. I t ' s  27 ce l l s  on the nickel hydrogen, 
28-on the nickel cadmium which obviously makes that  f i r s t  s l ide  l ike  
I said i f  you take the cell  out, those numbers the nickel hydrogen 
would be s l ight ly  above the nickel cadmium. I think you can see i t  
i s  essent ial ly  a one vol t  difference there. 

Cooper, Intelsat :  Did that  answer your question Joe? By the way 
the measure capacity on the nickel hydrogen I don't  know i f  I 
mentioned th is .  37 a-mp-hours and 38 on the nickel cadmium so they 
are  very close compared to  the name plate on the nickel cadmium 
i s  34 and the name plate on the nickel hydrogen i s  30 so  we have 
been trying to  so r t  out what C ra tes  to  use on a l l  these things. 
We are  having a d i f f icu l ty  presenting th i s  as a matter of fac t .  

Dunlop, Comsat: A subject has come u p  a couple of times today 
so I'm just going to  make a comment about the specif ic  energy 
of these c e l l s  and the specif ic  energy of t h i s  battery. Specific 
energy of these ce l l s  based cn tha t  measured capacity which he just  
mentioned of 36 i s  pretty close t o  53, 54 watt hours per kilogram. 
And i f  you've made, t h a t ' s  a 36 amp-hour ce l l .  I f  you made tha t  
cel l  bigger the energy per uni t  weight would go u p  somewhat because 
as the capacity increases the r e s t  of the hardware doesn't go u p  
correspondently. If  you take those and p u t  t h a t  in tha t  battery 
that  he showed there you would find the specif ic  energy per unit 
weight i s  something l ike  about 40 to  44 watt hours per killogram 
and again i t  depends on the average voltage and where you are  
talking about beginning l i f e  or end of l i f e .  B u t  i t ' s  something 
l ike  fo r  the ba t te r ies ,  something l ike  40 t o  44 watt hours per kilogram, 




