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INTRODUCTION 

The Space D i v i s i o n  Space Test Program P78-2 spacecraf t  i s  t he  spaceborne 
element o f  t h e  NASA and USAF Charging Inves t iga t i on .  B u i l t  by the  Mar t i n  
Mar ie t ta  Corporat ion i n  Denver, the  spacecraft  provides t h e  on -o rb i t  support 
f o r  twelve A i r  Force, Navy, and NASA payloads. These payloads are  at tempt ing 
t o  measure the  bu i  ldup and breakdown o f  charge on var ious spacecraft  components 
and t o  charac ter ize  the  na tu ra l  environment a t  synchronous a l t i t u d e s .  The 
spacecraft and payloads have been on o r b i t  f o r  twenty-one months support ing 
t h i s  i nves t i ga t i on .  This i s  a  summary o f  t h e i r  operat ions.  

ORBIT 

On 30 January 1979 a t  2203 GMT a NASA McDonnell Douglas De l ta  2914 launch 
veh ic le  boosted P78-2 i n t o  o r b i t .  The booster  i n s e r t e d  t h e  spacecraft  i n t o  a  
nominal 180 km x 43,240 km o r b i t  from Launch Complex 17, Cape Canaveral AFS, 
Fla. A f t e r  t h e  spacecraf t  separated from the t h i r d  stage t h e  AF S a t e l l i t e  
Control  Faci 1  i ty (AFSCF) began i t s  command, con t ro l  , and communication 
func t ion .  I t s  f i r s t  task was t o  checkout the  spacecraf t  subsystems and pre- 
pare t h e  spacecraf t  f o r  i n s e r t i o n  i n t o  t h e  f i n a l  o r b i t .  Seventy-two hours 
a f t e r  launch the  AFSCF f i r e d  t h e  apogee i n s e r t i o n  motor (AIM) and placed t h e  
veh ic le  i n  i t s  near geosynchronous o r b i t .  The f i n a l  o r b i t  parameters are: 

Apogee 43,240 km 
Perigee 27,550 km 
I n c l i n a t i o n  7.9 deg 
D r i f t  Rate 5  deg/day e a s t e r l y  

The a1 ignment o f  t h i s  o r b i t  causes two e c l i p s e  seasons per  year. Each 
season i s  approximately f o r t y  days long and each e c l i p s e  may l a s t  up t o  
seventy minutes. Because o f  t h e  d r i f t  and t h e  e c c e n t r i c i t y  o f  t h e  o r b i t ,  
t he  s a t e l l i t e  encounters each ec l ipse a t  vary ing a l t i t u d e s .  A  t h i r d  o f  t he  
ec l ipses  have been sampled a t  a1 t i  tudes above synchronous and t h e  remaining 
two t h i r d s  a t  a1 t i  tudes be1 ow synchronous a1 t i  tudes . 



SPACECRAFT 

Configuration 

The P78-2 spacecraft has a cylindrical shape 1.70 m i n  diameter and 
1.75 m i n  length. I t  i s  spin s tabi l ized about i t s  axis of symmetry a t  1 rpm 
( f ig .  1 ) .  Five experiment booms, two to four meters i n  length, were deployed 
radially from the center band. This boom configuration isolates  sensi t ive 
experiments from spacecraft influences and provides a c lear  f i e ld  of view. 
In addition to  the r ig id  booms, a pair of f i f t y  meter e l ec t r i c  f i e ld  antennas 
extend outward from the base of the vehicle. The sol id  fueled AIM was ejected 
from the a f t  end a f t e r  final orb i t  insertion to l imit  the contamination. All 
of the booms and antennas deployed successfully, a l l  covers opened, and the 
AIM was jettisioned without incident. The spin axis i s  fixed i n  the o rb i t  
plane and i s  kept broadside to  the sun by weekly precession maneuvers. 

Subsystems 

All of the spacecraft subsystems checked out properly a f t e r  launch. 
Since then only the telemetry subsystem has encountered any problems (tab1 e I). 
After two weeks of use on orb i t  the signal strength from the vehicle sharply 
dropped twelve to  fourteen decibels. Fortunately the anomalous telemetry 
s t r ing  s t i l l  produced a usable signal. Naturally we were hesitant t o  se lec t  
the backup transmitter until the problem w i t h  the f i r s t  was bet ter  understood 
since the second string had t o  be protected to  transmit science data from the 
f i r s t  ecl i pse season. Fortunately the problem disappeared whi 1 e ground 
test ing of the f l i g h t  spare was being conducted and i t  has not reoccured. 
Unfortunately the ground t e s t s  were inconclusive and although multipaction 
was the suspected cause, nothing was proven. Operations continued on the 
f i r s t  s t r ing.  Since then, the second s t r ing  has been selected for  i t s  reduced 
electromagnetic interference. The remainder of the subsystems are  operating 
properly and another three years of operations are  possible. 

PAY LOADS 

Payload checkouts for  SC1 through ML12 were completed by 12 March 1979 
despite the d i f f icu l t ies  presented by the transmitter anomaly. Only SC6, the 
AFGL Thermal Plasma Analyzer encountered problems during checkout. On the 
final step of a stepping operation, SC6 fai led due to  an excessive power draw 
i n  the electron step generator. All attempts to work around the fa i lure  and 
save the ion half of the experiment have also fai led.  This i s  a catastrophic 
f a i  1 ure for SC6. 

The next payload problem affected SC7, the NASA/MSFC Light Ion Mass 
Spectrometer. On 20 Feb 79 the SC7 internal power supply fai led a f t e r  ten 
days of active data collection. This i s  a catastrophic f a i lu re  for  SC7. 
The net e f fec t  of losing SC6 and SC7 i s  the loss of most of the low energy 
part ic le  data ( f i g .  2 ) .  



No other catastrophic fai  1 ures have occured (tab1 e I I ) .  Lesser fad 1 ures 
include the SC2 probe biasing fai lure ,  the SC4-1 pulsed mode fa i lu re ,  and the 
SC4-2 neutralizer fai lures .  

The SC2 boom mounted experiments had the capability of biasing the 
e lec t r ica l  potential of the i r  spheres. However, during induced charging 
operations w i t h  the SC4-1 electron gun on 30 March 1979, the biasing function 
of both spheres fai led.  A t  the time the electron gun was operating in a 
continuous mode a t  -3 KeV. Data obtained from the SC1-8B Pulse Analyzer and 
the SC1-7 RF Analyzer indicated that  discharges were occuring on the vehicle. 
These discharges were suff ic ient  to  disrupt the telemetry signal for  thirteen 
seconds. In addition, both the SC2-1 and SC2-2 probe biasing functions 
fai led coincident with two of the larger pulses. Additional damage was caused 
because the fa i lures  went undetected. Thus the probes remained on w i t h  
maximum bias and the e lec t ros ta t ic  analyzers (ESA1s) were inundated with low 
energy part ic les .  In addition, although the SC4-1 pulsed mode was not being 
used, i t  has never operated successfully since then. 

The SC4-2 neutralizer elements were used to  emit a neutral beam of 
positive ions and electrons from the ion gun. Both of these elements have 
fai led with time and SC4-2 i s  now capable of emitting a stream of only 
positive ions. The magnitude of this loss has been reduced by using the 
electron gun in coordination with the ion gun.  

The most curious anomaly to affect the SCATHA payloads. occurs to  the 
S C l l  Magnetometer. SCll incorporates two high pass f i l t e r s  and may se lec t  
e i ther  the 1 Hz or  the 5 Hz f i l t e r  by command from the ground. I t s  normal 
configuration uses the 1 Hz f i l t e r .  However, during some SC4 operations the 
5 Hz f i l t e r  has been switched to  without commanding. In addition, SCll has 
switched to  the 5 Hz f i l t e r  on one occasion when no SC4 operations were 
being conducted. This is the only time tha t  i t  has occured without SC4 
induced charging . 

Other than these instances, a l l  experiments are  behaving nominally with 
some degradation to  the sensors which have ESA1s. 

SUMMARY 

In summary, the P78-2 spacecraft and payloads have operated for  twenty 
one months and have collected data continuously. Four eclipse seasons have 
been covered in de ta i l .  In that  time there have been only two fa i lures  which 
might a f fec t  the SCATHA mission. These are  the SC6 and SC7 fa i lures .  
Although the mission was only planned for  one year, the vehicle has been 
supported for  almost two years and further long term operations w i t h  the 
materials payloads a re  under consideration. 



TABLE I. - P78-2 SPACECRAFT SUBSYSTEMS: QPERATIONAL STATUS 

SUBSYSTEM -- 
Telemetry and Command 

POWER 

THERMAL 

ATTITUDE CONTROL 

REMARKS 

Signal strength from the vehicle dropped 12-14 dB 
after two weeks on orbit. Returned to normal 
after two weeks of reduced operations. 
No reoccurrence 
Currently using redundant string (improved EHC) 

NOMINAL (Solar Arrays produce 9 amps, and the 
nominal load is 8 amps.) 

NOMINAL 

NOMINAL (3 year supply of hydrazine remains) 

TABLE 11. - P78-2 EXPERIMENTS: OPERATIONAL STATUS 

# EXPERIMENT STATUS 
-- - 

SC1-1,-2,-3 Satellite Surface Potential Monitors NOMINAL 
SC1-7 
SC1-8A 
SC1-8B 

SC2-1,-2 

SC2-3E 
SC2-3B 
SC2-6 

SC3 

SC4- 1 
SC4-2 

SC5 

SC6 

SC7 

SC8 

SC9 

SClO 

SCll 

RF Analyzer 
VLF Analyzer 
Pulse Analyzer 

Plasma Potential Sensor 

Electrostatic Analyzer (ESA) 
Ion Detector 
Energetic Proton Detector 

High Energy Particle Spectrometer 

Electron Beam System 
Ion Beam System 

Rapid Scan Particle Detector 

Thermal Plasma Analyzer 

Light Ion Mass Spectrometer 

Energetic Ion Masa Spectrometer 

Auroral Particles Experiment 

Electric Field Experiment 

Magnetic Field Monitor 

NOMINAL 
NOMINAL 
NOMINAL 

Probe Biasing Failure 3130179 
and some ESA Degradation 
Partial ESA Degradation 

NOMINAL 
NOHINAL 

NOMINAL 

Pulsed Mode Failure 3130179 
Neutralizer Failure 10/25/79 

Partial ESA Degradation 

Failed during checkout 2/10/7! 

Failed after 10 days 2/17/79 

NOMINAL 

Partial ESA Degradation 

NOMINAL 

NOMINAL 

ML12-3,-4 Thermal Control Coatings NOMINAL 
ML12-6,-7 Temperature Controlled Quartz Crystal NOMINAL 

TPM Transient Pulse Monitor NOMINAL 
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Figure 1. - P78- l  on-orbit configuration. 
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Figure 2 - Particle detector envelope. 
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