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ABSTRACT 

The Echo 6 sounding rocke t  payload was flown on a T e r r i e r  boosted Black 
Brant veh i c l e  on March 30, 1583. The expe r imen t  r e q u i r e m e n t s  r e s u l t e d  i n  
t h e  new des ign o f  a rocket  p rope l led  Throw Away Detector  System (TADS) w i t h  
onboara Boppler radar,  a f r 3 e - f l y e r  forward experiment designated t h e  Plasma 
D i a g n o s t i c  Package (PDP) , and numerous o t h e r  b a s i c  systems. The design, 
deve!opmntal t e s t i n g ,  and f l i g h t  preparat ions o f  t h e  payload and t h e  mechan- 
i ca l  deployment systems a re  described. 

I NTRODUCTION 

The E l e c t r o n  Echo 6 program, a j o i n t  e f f o r t  o f  t h e  U n i v e r s i t y  o f  
M inneso ta  School o f  Physics and Astronomy w i t h  t h e  Sounding Rocket D i v i s i ~ n  
o f  Goddard Space F l i g h t  Center, i s  t h e  s i x t h  i n  a se r i es  o f  a c t i v e  magneto- 
s p h e r i c  research payloads. Echo 6 was launched from t h e  Poker F l a t  Research 
Range, Fairbanks, Alaska, w i t h  a north-northeastward t r a j e c t o r y  across auror -  
a l  a r c s .  It inc luded two ontoard e l e c t r o n  acce le ra to rs  which i n j e c t e d  e lec-  
t r o n  beams o f  up t o  40 KeV i n  energy  and 0.25 amperes c u r r e n t  as p robes  
i n t o  t h e  E a r t h ' s  magnetosphere. The bas ic  o b j e c t i v e  o f  t h e  Echo ser ies  i s  
t o  i n j e c t  e lec t rons  so t h a t  they a re  magnet i ca l l y  gu ided a l o n g  f i e l d  1 i n e s  
t o  t h e  con juga te  p o i n t  i n  t h e  southern hemisphere, where they a re  r e f l e c t e d  
back t o  t h e  reg ion near t h e i r  o r i g i n  e i t h e r  by  magne t i c  m i r r o r i n g  o r  b y  
b a c k s c a t t e r i n g  o f f  o f  t h e  atmosphere. Analys is  of t h e  detected echoes pro- 
v ides va luable  in fo rmat ion  about t h e  s t r u c t u r e  o f  t h e  d i s t a n t  magnetosphere 
and t h e  mapping o f  i t s  e l e c t r i c  f i e l d  i n t o  t h e  ionosphere. I n  t h e  prev ious 
missions (Echo 1,3, and 4 )  t h e  echoing e lec t rons  have been d e t e c t e d  by  t h e  
beam-eni t t i  ng pay1 oad when t h e i  r two  mot ions were matched. The e v o l u t i o n  
o f  t h e  Echo program has resu l t ed  ; n t h e  development  o f  a mu1 t i p l e  remote 
Throw Away Detector  Jystem (TADS) t h a t  g r e a t l y  increases t h e  spat  i a1 coverage 
o f  t he  echo de tec t i on  system and g ives more f l e x i b i l i t y  t o  t h e  r o c k e t  t r a -  
j e c t o r y .  The p r i m a r y  emphases o f  Echo 6 were echo de tec t i on  us ing  TADS 
and e l e c t r i c  f i e l d  a n a i j s i s  us ing a f r e e - f l y e r  forward experiment designated 
t h e  P l  asma Diagnost ics  Package ( PDP) . 
* Engineering Branch, Special Payloads D iv is ion ,  

NASA Goddard Space F l i g h t  Center, Greenbelt,  Maryland 20771 
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FLIGHT PLAN 

The sc ien t i f i c  launch c r i t e r i a  had th ree  requi renents tha t :  the  magneto- 
sphere be i n  an i n f l a t e d  t a i l  l i k e  conf igurat ion, the l oca l  e l e c t r i c  f i e l d  
be northward corresponding t o  an eastward e l e c t r o j e t ,  and t h e  au ro ra  be 
i n  t h e  form o f  an intermediate i n t e n s i t y  arc w d e r  t9e t ra jec to ry .  The pay- 
load launch c r i t e r i a  required t h a t  there >? no Sun on the payload a t  apogee, 
t h a t  a l l  payload and ground systems be o p r a t i o n a l ,  and t h a t  the  meteorolog- 
i c a l  condi t ions be sui table.  Because o f  t he  short-1 ived nature o f  the  scien- 
t i f i c  event ,  t h e  b r e v i t y  o f  the f l i g h t ,  the complex~ty  o f  the payload, the 
requirement f o r  the  precise placement o f  t he  TADs i n  space, and the  necessity 
o f  accurate i n j e c t i o n  o f  the e lect rons r e l a t i v e  t o  the magnetic f i e l d  l i nes ;  
a  r igorous and d e t a i l e d  sequence o f  pay l cad  events was r e q u i r e d  f o r  t h e  
f l i g h t  p lan.  (See F i g u r e  1). A s e r i e s  of complex A t t i t u d e  Control System 
(ACS) maneuvers had t o  be coordinated t o  achieve these r e q u i  rements. The 
s y n c h r o n i z a t i o n  o f  t he  onboard payload events was con t ro l l ed  b-y use o f  s i x  
mechanical t imers and two e lec t ron i c  programmers. These events a r e  d e t a i l e d  
i n  the  time-event sequence o f  Table 1. 

Table 1: Echo 6 Time-Event Sequence 

Event 
Descr ipt ion 

Systems t o  in te rna l  power 
Te r r i e r  i g n i t i o n *  aerodynamic spin- ~p by f i n  o f f s e t  
Te r r i e r  burnout 
Black Brant i g n i t i o n  
Black Brant burnout, payload r o t a t i o n  a t  3.6 rps 
TAD sect ion door e jec t i on  
ACS arm 
YO-YO despin t o  0.6 rps 
Black Brant Motor separation (250 K f t )  
ACS s t a r t s  maneuvers t o  reference o r i e n t a t i o n  
Nose cone e jec t ion  5 mps r e l a t i v e  ve loc i t y  
PD* e l e c t r i c  f i e l d  booms unfo ld  and lock 
Detector high voltage enable on PDP and Main sect ion 
PDQ deployment, 1.5 mps r e l a t i v e  ve loc i t y  
ACS despin t o  zero rps 
A C S  alignment t o  TAD deployment o r i e n t a t i o n  
TAD spin-ups on and Doppler radars on 
TAD 3 deployment* 10 mps r e l a t i v e  v e l o c i t y  
TAD 1 deployment, 10 mPS r e l a t i v e  v e l o c l t y  
TAD 4 deployment, 20 mps r e l a t i v e  v e l o c i t y  
TAD 2 deployment, 20 mps r e l a t i v e  v e l o c i t y  
Elect ron accelerator system s t a r t  
TAD spin-ups o f f  and Doppler radars o f f  
Electron accelerators on ( f i r s t  pulse) 
Apogee 
ACS o f f  
Recovery system deployment (20 Kf t )  
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Figure 1. Echo 6 F l i g h t  Plan 



THE PAYLOAD 

Although the TADS was mechanically the  most complex aspect o f  t h e  Echo 
6 pay l  oad, i t  was on l y  one o f  severa l  s o p h i s t i c a t e d  systems t h a t  had t o  
func t ion  f o r  a successful mission. An index  o f  t h e  mechanical comp lex i t y  
o f  t h e  e n t i  r e  pay l  oad i s t h a t  28 e lec t ro -exp l  osive devices 'squibs) were 
f i r e d ,  some simul tanenusly and some sequent; 1 l y ,  t o  separa te  t h e  pay l  oad 
i n t o  35 d i s t i n c t  p ieces dur ing the  f l i g h t .  To get an overview o f  t h i s  pay- 
load, r e f e r  t o  Figure 2 and Figure 3 beginning a t  the nose and working af t .  

The one p iece  nose cone, which was 1.50-m (60-inches) long w i t h  d 3 : l  
ogive, was reta ined by a two piece V-band clamp a t  i t s  base. Two squib actu- 
a t e d  b o l t  cu t te rs  were used t o  sever the band screws, e i t h e r  o f  which would 
release the  band. An e jec t i on  spring, i n  t h e  t i p  o f  t h e  nose cone, pushed 
o f f  a g a i n s t  t h e  t o p  o f  t h e  payload when the  band was cut. (This ac t i on  i s  
t y p i c a l  o f  a1 1 the  payl oad separation bands.) Eject ing the  cone exposed de- 
tec tors  and the e l e c t r i c  f i e l d  booms o f  the Plasma Diagnostic Package (PDP). 
The booms were spin deployed when a cable c u t t e r  was ac tua ted.  The PDP i n  
t u r n  was re1  eased by a V-band aqd was spr ing e jected forward t o  expose the  
e lec t ron  accelerators and detectors on the  forward por t ion  o f  the main pay- 
load. A f t  was t h e  e l e c t r o n  a c c e l e r a t o r  ba t te ry  can conta in ing 220 kg  of 
high-vol tage bat te r ies .  Further a1 ong was t h e  Throw Away De tec to r  s e c t  i on 
w i t h  spin-deployed doors and rocket-propel led TADs. 

A f t  o f  the TAD sec t ion  came the near ly  standard sect ions used on most 
sounding rocke t  f l i g h t s .  T ~ P  te lemetry  (TM) sec t i on  suppl ied bo th  28-vo l t  
power and t im ing  s i gna l s  t o  the payload as w e l l  as te lemeter ing the data back 
t o  the ground. The ACS s t ab i  l ized and pointed the TADs and e l c c t r o n  
accelerators .  Fol lowing was the recovery sec t i on  which deployed a parachute 
t o  decelerate the main payload F i n a l l y ,  the re  was the i g n i t e r  housing which 
i g n i t e d  the Black Brant susta iner ,  despun the whole rocke t  w i t h  yo-yo's t o  0.6 
rps,  and separated the susta iner  from the payload. Below the susta iner  was 
the T e r r i e r  booster .  

The t o t a l  payload weight was 2310 kg (1050 1 bs), o f  which 3134 kg (570 
1 bs) reached a burnout v e l o c i t y  o f  2020 mps and an apogee a1 t i  tude o f  216 
km. The payl oad, which was 6.5-m (254-inches) long and 0.44 9 (17.26 inches) 
i n  diameter, sa t  cn top  o f  a 9.8-m I385-inches) long sustainer and booster. 

PLASMA D l AGNOSTI C PACKAGE (PDP) 

*- 
I.. 

'0 

The design o f  the PDP sec t i on  o f  the payload was d i c t a t e d  by the 
requirement o f  stowing e l e c t r i c  f i e l d  booms under the nose cone and the need 
t o  provide a ground plane f o r  an S-band antenna. (Sse Figure 4). The core of 
the  sect ion was a 0.61-m (24-inch) long can o f  which only the top  quar ter  o f  
i t s  volume was used f o r  housing the PDP te lemetry  system and b a t t e r i e s .  To 
s i m p l i f y  sp in  balance o f  the PDP the b a t t e r y  packs were located symmetr ical ly,  
A se t  o f  doors was placed on opposi te  s ides o f  t h i s  sec t i on  f o r  easy access t o  
the b a t t e r i e s .  The remaining empty volume o f  the can acted as a cover fo r  the 
forward p o r t i o n  o f  the main payload con ta in ing  de tec to rs  and the e l e c t r o n  
accelerator  t u r r e t .  The S-band antenna was located i n  the middle o f  t he  
sect  ion t o  p rov ide  adequate ground planes on each side. The r:xper iment 
p o r t i o n  o f  the  PDP mounted t o  the  f r o n t  o f  the PDP can and was exposed by the 
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f o r w a r d  s p r i n g  e j e c t i o n  o f  t h e  nose cone. Fo l l ow ing  t h e  deployment o f  t h e  
nose cone, two s e t s  o f  o r thogona l  e l e c t r i c  f i e l d  probes were  r e l e a s e d  f r o m  
t h e i r  f o r w a r d  s towed  p o s i t i o n  by t h e  squ ib  a c t i o n  c u t t i n g  o f  a  c a b l e  w h i l e  
t h e  payload was s t i l l  s p i n n i n g  a t  3,6 rps .  The f o u r  p r o b e s  were dependen t  
on t h e  c e n t r i f u g a l  f a rces  p resen t  t o  t o r q u e  them 9U0 i n t o  t h e i r  1  ocked p o z i -  
t i o n s  pe rpend icu la r  t o  t h e  PDP-main p a j l o a d  s p i n  ax i s .  The probes then  t e l e -  
s c o p i c a l l y  and c e n t r i f u g a l l y  extended t o  a lmost  t w i c e  t h e i r  s t o r e d  l e n g t h ,  
separa t i ng  each p a i r  o f  c o n d u c t i n g  s p h e r e s  on an a x i s  b y  3.63 m e t e r s .  A  
s p r i n g  1  oaded f i f t h  probe was a l s o  re leased  and r o t a t e d  by a  t o r s i o n  s p r i n g  
180" f rom i t s  a f t  p o i n t i n g  stowed ~ o s i t i o n  t o  i t s  l o c k e d  f o r w a r d  p o s i t i o n  
a long t h e  s p i n  ax i s .  

The e j e c t i o n  o f  t h e  PDP f r o m  t h e  m a i n  pay load  was accomplished by a  
s i n g l e  s p r i n g  a x i a l l y  l o c a t e d  t o  min imize t i p - o f f  a t  s e p a r a t i o n .  W i t h  t h e  
470 l b  s p r i n g ,  t h e  PDP a c h i e v e d  a  1.5 mps v e l o c . ~ t y  r e l a t i v e  t o  t h e  main 
payload. Tb.is v e l o c i t y  was measured by a  system c o n s i s t i n g  o f  a  mu1 t i  t u r n  
p o t e n t i o m e t e r  mounted on t h e  main pay load and wound w i t h  a  c o r d  a t t a c h e d  t o  
t h e  PDP body. 

The e j e c t i o n  sp r ing  was designed as a c a r t r i d g e  t h a t  colr ld be compressed 
e x t e r n a l l y  w i t h  a loadin5 screw. Once the c a r t r i d g e  was loaded, sa fe t y  screws 
were i n s t a l l e d  and the load ing screw removed. Th is  mounting al lowed the  
sa fe ty  screws t o  remain i n  p lace u n t i l  Jus t  before f l i g h t .  Access t o  the  
safety  screws and the v e l o c i t y  po t  was through the b a t t e r y  access doors. 

O f  p a r t i c u l a r  concern was the  f a c t  t h a t  du r ing  e j e c t i o n  r e l a t i v e  r o t a t i o n  
between the PDP can and the enclosed acce le ra to r  t u r r e t  would dest roy tho  PDP 
antenna connector  t h a t  p r o t r u d e d  r a d i a l l y  i ~ w a r d .  A s e t  o f  r a i l s  was added t o  
guide t h e  separa t i on  and an a n t i t o r q u e  shoe WJS p rov ided  t o  p reven t  r o t a t i o n .  

THROW AWAY DETECTOR SYSTEM (TADS) 

I n  prev ious GSFC programs TADs were deployed by a combination of spr ings 
dnd the c e n t r i f u g a l  fo rce  created by the  sp inn ing rocke t  payload, r e s u l t i n g  i n  
a random d ispers ion  o f  the TADs away from the main payload. Echo 6 , equ i r ed  
t h a t  the TADs achieve separat ions o f  several k i l omete rs  from the main payload 
i n  a predetermined pa t te rn .  Not on l y  was c e n t r i f u g a l  deployment too :npre- 
c i s e ,  h u t  t h e  energy requirements of e j e c t i n g  f o u r  6 kg TADs a t  10 t o  20 mps 
were t o o  h i g h  f o r  t h e  s a f e  use o f  sp r ings .  A f t e r  c o n s i d e r i n g  v a r i o u s  a l t e r -  
n a t i v e  means o f  dep loymen t ,  a  r o c k e t  p r o p e l l e d ,  s p i n  s t a b i l i z e d  TADs was 
devel oped. 

The r e s u l t i n g  d e s i g n  o f  t h e  TAD c o n s i s t e d  o f  a  c y l i n d r i c a l  aluminum 
tube  0.33-111 ( 1 3 - i n )  l o n q  and 0.14 m (5.5 i n )  i n  d i  jmeter  ( F i g u r e  5 )  c o n t a i n -  
i n g  t h r e e  s o l i d - s t a t e  e l e c t r o n  d e t e c t o r s ,  an e l e c t r o s t a t i c  ana lyzer ,  a 3-axis 
aspect  magnetometer, power supp ly ,  Ni Cad-bat tery pack, 50 KHz d a t a  encoder ,  
t r a n s i i ; i t t e r ,  S-band antenna, and a  smal l  s o l i d  f u e l e d  r ~ c k e t  motor  f o r  p ro -  
pu l s ion .  I n  essence each  TAD was a  c o m p l e t e  r o c k e t  e x p e r i m e n t  w i t h  i t s  
own de tec to rs ,  da ta  system, and means o f  p ropu ls ion .  

The TAD p ropu ls ion  motors were acqu i red  as overaged s p i n  motors  f rom t h e  
NASA D e l t a  Program. The m o t o r s  came i n  two ve rs ions  (0.3KS40 and 0.6KS4U) 
b o t h  w i t h  8tr newtons ( 4 0  l b s )  o f  t h r u s t  b u t  d i f f e r i n g  b u r n  t i m e s  o f  0.3 
and 0.6 seconds.  The two  v e r s i m s  p r c v i d e d  +9e c a p a b i l i t y  o f  p r o p e l l i n g  
t h e  6  kg (13 l b )  TADs t o  t h e  a p p r o x i m a t e  v e l  - 1 t i e s  o f  10  and  20 m e t e r s  
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Figure  5. Echo 6 TAD Sectional V i e w  

p e r  second. The moto rs  were 0.18-111 l o n g  and 0.039 m i n  diameter w i t h  3n 
i g n i t e r  and connector on one end and a sma l l  exhaus t  n o z z l e  on t h e  o t h e r  
( F i g u r e  6 ) .  Each mo to r  had a mass o f  approx imate ly  1.5 ki lograms. A t e s t  
f i r i n g  of a f l i g h t  t ype  rocke t  motor was m ~ i e  a t  t h e  GSFC p r o p u l s i o n  t e s t  
s i t e ,  w i t h  some exhaust products b e i q  noted on t h e  anchor ing weights. Con- 
cern fo r  the  e f fec t  t h a t  t h e  exhaust  plume m i g h t  have on t h e  pay load  and 
undeployed TADs a t  f l i g h t  a l t i t u d e  prompted f u r t h e r  cons iderat ion.  

The TAD S-band antennas were adapted frcm a des ign  used f o r  0.13 m ( 5  
inch)  m i l  i t a r y  p r o j e c t i l e s .  The antennas were i n s t a l l e d  as a band around tile 
per imeter  o f  the  c y l i n d r i c a l  TADs s t a y i n g  w i t h i n  a r ecess  . Ins ide  t h e  TAD 
0.14-111 (5.5-inch) diameter thus a l l ow ing  t h e  TADs t o  s l i d e  snootb ly  i n  t h e i r  
launch tube;. The miniature S-band antennas were t es ted  a t  GSFC t o  determine 
t h e i r  radiation pattern; and ef fec t iveness.  

To ensure t h a t  t he  TADs remained s tab1  e t h r o u g h o u t  t h e i  r 300-second 
f l  i g h t  t h e y  were i n d i v i d u a l l y  s p i n  ba lanced  a t  GSFC and then spun up i n  
f l i g h t  t o  approximately 8 rps p r i o r  t o  t h e i r  dep loyment .  S p i n n i n g  reduced 
t h e  e f f e c t s  o f  mo to r  b u r n  asymmetry, and b a l a n c i n g  t o  a s t a t i c  l i m i t  o f  
2.0 aun:e-inches and a dynamic 1 i m i t  o f  5.0 ounce-inches squared k e p t  t h e i  r 
coning h 3 l f  angles t o  w i t h i n  0.5'. 

To sp in -up  t h e  TADs, i a u n c h  t u b e s  were c o n t a i n e d  i n  t h e  pdy'load by 
a spool housing s i lppor t ing two 0.15 m ( 6  i n c h )  i n n e r  c i a m e t e r  s e a l e d  b a l l  
b e a r i n g  raceways (F i gu res  7 and 8). Th is  al lowed bo th  the  launch tubes and 
t h e  TADs la tched  w i t h i n   the^ t o  be spun by d r i v i n g  t h e  l a u n c h  t u b e s  w i t h  
t i m i  ng be1 t s  connected co vacuum appl i c a t i o n  e l e c t r i c  dc motors. 
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Figure 6 .  Echo G TAD Propulsion Motor 

On the  rear  o f  each sp inn ing launcl. tube was a l a t ch i ng  mechanism t h a t  
r e ta i ned  each TAD u n t i l  a  bel lows ac tus to r  was f i r e d  by a  t im ing  pulse.  The 
bel lows ac tua to rs  not  on ly  unlatched the TADs bu t  a l s o  a c t i v a t e d  m ic ro  
switches t h a t  removed sa fe ty  shor ts  from the rocke t  motor i g n i t e r  leads. Th i s  
ac t i on  app l ied  the oower which was former ly  app l i ed  t o  the actuator  across the  
i g n i t e r  leads. Th is  technique produced a near simultaneous re leose o f  the  
TAPS and I g n i t i o n  o f  t h e i r  rocket  motors. There were a l so  sa fe ty  s h o r t i n g  
plugs on the  rear  o f  each launch tube which shor ted out  bo th  the be l lows 
actuators  and rocket  motors du r i ng  i n t eg ra t i on .  

To i n t e r f a c e  t h e  func t ions  o f  t h e  '[A2 i n c l u d i n g  t c r n o n ,  checkou t ,  and 
f i r i n g ;  a  10-band copper  s l i p r i n g  w i t h  a  redundant se t  o f  copper-graphi te 
pick up brushes was nounted t o  t he  r ea r  o f  each launch tube. This arrangement 
i n c l u d e d  a  s p r i n g  c l i p  socke t  which t h e  TAD contacted :vhen la tched  i n  t h e  
launch tube. The f l i g h t  turnon o f  t h e  TADs was made t h r o u g h  two  redundan t  
m i c r o  s w i t c h e s  t h a t  were h e l a  o t f  by t h e  wa l l s  o f  t he  launch tubes. When 
t h e  TADs e x i t e d  t h e  tubes these switches enabled t h e  TADs t o  i n t e r n a l  power. 

K-band Dopp le r  r a d a r  u n i t s  we1 e used f o r  measuring t h e  TAD v e l o c i t i e s  
a f t e r  deployment and u l t i m a t e l y  t h e i r  r e l a t i v e  d i  s p l  acement as a  f u n c t i o n  
o f  t ime .  -;he u n i t s ,  o p e r a t f n g  a t  24.15 GHz, were d i r e c t e d  a t  p o i n t s  a long 
t h e  TAD ' ; r a j ec~o r i os  where t h e  p r o p u l s i o n  mo to r s  burned  o u t  co m i n i m i z e  
the  r e f l e c t e d  no ise created by t h e  i on i zed  exhaust. The beat s igna ls  r e s u l t -  
ing from the mixing o f  t h e  I nc i den t  r a d i a t i o n  and t h e  Doppler s h i f t e d  r e f l e c t -  
ed s i gna l s  were t racked by phase lock  loop c i r c u i t s  and record,d by TM count- 
ers. To inclsease t he  e f f e c t i v e  TAD radar  cross sec t ion  small copper c o r n e r  
r e f l e c t o r s  were a f f i x e d  t o  t h e  a f t  end of  t h e  TADs. 
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Because each TAD has i t s  own te lemetry  system complete w i t h  t r a n s m i t t e r  
and antenna, i t  was necessary wh i l e  on t h e  launch pad t o  e n e r g i z e  them and 
run s igna l  checks wh i l e  i n  t he  launch tubes. The r a d i a t i o n  checks were accan- 
p i i shed  by making t h e  launch tube out o f  RF t ransparen t  f i b e r g l a s s .  To g e t  
t h e  s i g n a l  o u t  o f  t h e  r o c k e t  sk i n ,  a  small p ick-up antenna was pos i t i oned  
ou ts ide  o f  t h e  r o t a t i n g  f i b e r g l z s s  laui ich t u b e  and t h e  s i g n a l  t r a n s f e r r e d  
t h rough  a  l e n g t h  o f  coax c a b l e  t o  some RF BNC pul  laways on t h e  skin. This 
was, i n  e f f e c t ,  an RF s l i p r i n g  passing t h e  s igna l  t o  an e x t e r n a l  " c h e a t e r "  
antenna near t h e  launch pad. 

I n  t h e  f l i g h t  c o n f i g u r a t i o n  f o u r  spin-up u n i t s  w i t h  TADs were housed 
i n  t h e  TAD sec t i on  (Figures 9 and 10). This sec t i on  c o n s i s t s  o f  two  r i n g e d  
b u l  khecds connec ted  by s i x  1  ongerons. Across two se ts  of these longerons 
were 1  ightened p la-os t o  which t h e  TAD spin-up u n i t s  mounted. This const ruc-  
t i o n  h t~ used ; e 3use of t he  need f o r  l a rge  openings on two oppos i te  s ides 
o f  t h e  ~ e c t i o n .  ; I I~  f r o n t  open ing  was t o  a l l o w  t h e  TADs t o  e x i t  and t h e  
o t h e r  w..l: used t o  v e n t  t h e  r o c k e t  exhaust and a1 low access f o r  arming t h e  
motors Le fo re  f l i g h t .  

These openings were c ~ v c  ed by doors he ld  i n  p lace  by a  se r i es  o f  l a t c h  
b locks on bo th  s ides b o l t e d  t o  l a t c h  b d r s .  These b l o c k s  engage hooks on 
e i i ~ e r  s ide  of t h e  door. I f  e i t h e r  l a t c h  bar  i s  pu l led ,  t he  hooks re lease  on 
t h a t  s i de  and t h e  door r o l l s  o f f  about t h e  o t h e r  s i d e .  I f  b o t h  s i d e s  were 
re1  eased s imu l  t aneous l y ,  t he  door s imply  moved ou t  r a d i a l l y  causing e i t h e r  
a  lead ing edge, a  t r a i l i n g  edge, o r  a  s i m u l  taneous r e l e a s e  t o  occur .  The 
1  a t c h  b a r s  were pul  l e d  by Holex 2900 1  i n e a r  actuators.  The r e s t  o f  t h e  s k i n  
of t h e  sec t i on  which was n o t  devoted t o  doors had removable panel s  t o  a1 1  ow 
access t o  w i r i n g  and t h e  l a t c h  system. 

TEST PROGRAM 

One o f  t h e  f i r s t  developmental t e s t s  o f  t h e  TAD system was t o  e s t a b l i s h  
t h e  f e a s i b i l i t y  c f  us i ng  p o l i c e  radar  u n i t s  f o r  t he  Doppler measurement o f  
TAD v e l o c i t i e s .  A dummy TAD was b u i l t  and powered by a F l i g h t  Systems Inc .  
s e r i e s  F  model r o c k e t  moto r .  T h i s  m o t o r  has t h r u s t  c h a r a c t e r i s t i c s  very 
s i m i l a r  t o  t h e  Del ta  s p i n  mo to r s  a t  1/1000 t h e  c o s t .  The TAD was p u t  on 
a  h o r i z o n t a l  g u i d e  w i r e  and t h e  motor i gn i t ed .  The TAD s l i d  down t he  w i r e  
a t  speeds even exceeding t h e  des i red  20 mps and t h e  radar success fu l l y  moni- 
t o r e d  t i l e  v e l o c i t y .  Fo r  t h e  f i r s t  s p i n n i n g  e j e c t i o n  t e s t  o f  t h e  TAD and 
sp in  u n i t  t h e  modei r ocke t  motor was c a l l e d  upon again, ass is ted  by a  t e t h e r  
l i n e  and counterbalance weight as t he  TAD was v e r t i c a l l y  deployed. 

Arrangements were a lso made t o  t e s t  f i r e  a dummy TAD from the spinning 
launch tube i n  the 18-meter sphere a t  the NASA Langley Research Center. The 
sphere was evacuated, the TAD spun up, the radar turned on, and the f i r i n g  
sequence i n i t i a t e d .  Viewing by high-speed cameras showed the TAD t r a v e l l i n g  
very near to  i t s  t h e o r e t i c a l l y  calculated v e l o c i t y  w i th  no v i s i b l e  evidence o f  
an exhaust plume. The TAD a lso  landed square i n  the ne t  r igged f o r  i t .  When 
the sphere was vented, no evidence of exhaust products was found and the sheet 
metal exhaust shrou4 was el iminated. 

The Integrat ion t e s t  and evaluation program consisted of f l i g h t  v ibra-  
t ion,  mass propert ies measurement, and a ser ies o f  spinning deployments for  
the main payload and POP, To begin wi th ,  a ser ies o f  door deployment tes ts  





were conducted t o  v e r i f y  the opera t ion  o f  the l a t c h  bar system and the three 
d i f f e r e n t  modes o f  release. The payload was at tached t o  a  sp in  t a b l e  and spun 
up t o  r a tes  as h igh as 4 rps (maximum theo re t i ca l  sp in  r a t e  o f  veh i c l e ) ,  the 
squibs were f i r e d ,  and the deployed doors were caught i n  a  net .  Closed 
c i r c u i t  t e l e v i s i o n  was used t o  monitor the ac t ion .  

The next se r ies  o f  t es t s  were on the POP. The f i r s t ,  boom deployment, 
was ra ther  s t r a i g h t  forward. The payload was spun up, the squibs f i r e d ,  and 
the booms deployed on cue. Then came the sp inn ing separat ion o f  the POP from 
the accelerator  sect ion which was complicated by the requirement f o r  zero 
g r a v i t y  s i m u l a t I m .  The usual t e s t  procedure i s  t o  uss a  counterweight t o  a  
l i n e  running over b p ~ ~ l l e y  and down t o  the e j c ~ t e d  payload. Th is  method i s  
no t  su i t ab le  f o r  a sp inn ing payload w i t h  several  ' g ' s  o f  accelerat ion.  To 
so lve the sp in  problem, a spec ia l  l o w - f r i c t i o n  swivel developed f o r  a  h igh 
a l t i t u d e  parachute was used. Th is  swivel has some b e l l e v i l l e  washers t o  
unload the bear ing under h igh  loads. These washers sp r i ng  ou t  o f  the way 
under low loads t z ~  l e t  the l ow- f r i c t i on ,  l i g h t - d u t y  bear ing sp in  f r e e l y .  This 
f r e e  sp in  was needed on the counterbalance l i n e  because o f  the necess i ty  o f  
avo id ing any r e l a t i v e  sp in  between the POP and the accelerator  sect ion.  The 
2.5 ' g '  acce le ra t i on  o f  t h e  PDP was n u l l i f i e d  by running t h e  l i n e  through a  
3 : l  p u l l e y  arrangement and by u s i n g  a  coun te rba lance  w e i g h t  t h r e e  t i m e s  
t h a t  o f  t he  PDP. A one-way block was used t o  snub t h e  system. The deployment 
t e s t  i t s e l f ,  went smoothly. The nose cone had an i n i t i a l  a c c e l e r a t i o n  o f  
1 3  ' g a s .  To c o u n t e r a c t  t h i s ,  d u r i n g  t e s t i n g  a  l e n g t h  o f  su r y i ca l  rubber 
bungee was added t o  t h e  system t o  remove t h e  s l a c k  f rom t h e  l i n e  d u r i n g  
t h e  i n i t i a l  acce lerat ion.  

FIELD OPERATIONS AND LAUNCH 
The 2 month long, d e t a i l e d  i n t e g r a t i o n  o f  t h e  Echo 6 p a y l o a d  a t  GSFC 

culminated w i t h  the  shipment o f  t h e  payl  oad and t h e  t r a v e l  o f  over 45 support 
persormel t o  t he  Alaska launch s i t e .  I n  February, a l l  t h e  Echo 6 equipment  
a r r i v e d  a t  Poker F l a t  and t h e  p a y l o a d  was prepared f o r  launch. A f t e r  t he  
payload had been b u i l t  up and t h e  experiments given a  checkout, t h e  p a y l o a d  
was t aken  t o  t h e  mo to r  p r e p a r a t i o n  b u i l d i n g  and mated t o  t h e  Black Brant 
susta iner .  Thew the  TAD rocke t  motors were i n s t a l l e d  w i t h  s a f e t y  s h o r t i n g  
p l u g s  a t t pched .  The p a y l  oad w i t h  s u s t a i n e r  was t h e n  taken t o  t he  launch 
s i t e  and combined w i t h  t h e  T e r r i e r  bocs te r  t h a t  had been suspended on t h e  
1  aunch r a i l  e a r l i e r .  A f t e r  c o m p l e t i n g  p r e l a u n c h  checks, t h e  payload was 
armed f o r  f l i g h t  by removing t h e  s a f e t y  p l u g s  from t h e  back o f  each TAD, 
removing a l l  o t h e r  sa fe ty  screws and arming t h e  ' g '  t imers.  The deployable 
doors were r e i n s t a l  1  ed and secured. Subsequent t o  a  se r i es  of de l ays  caused 
by weather,  e l e c t r i c a l  and mechan ica l  problems, and some minor damage t o  
t h e  launch vehic le ,  E lec t ron  Echo 6 was launched a t  06:59:51 on March 30, 
1983 U T  w i t h  t h e  d e s i  r e d  1 aunch c r i t e r i a  and geophysical cond i t i ons  being 
met. CONCLUS l ON 

The f l i g h t  o f  Echo 6 was mechanical ly f lawless,  even i n  in t imate  de ta i  I 
The veh i c l e  propel led the payload t o  a  near nominal t r a j e c t o r y  w i t h  the 
perd ic ted  f i n a l  r o l l  ra te .  The ACS performed i t s  maneuvers t o  b e t t e r  than i t s  
to lerence spec i f i ca t ions .  The POP deployment was executed w i t h  the proper 
sp in  r a t e  and separat ion ve loc i t y .  The e l e c t r i c  f i e l d  booms were deployed 
p e r f e c t l y .  The TAD sec t ion  doors were ejected, the TADs spun up, f i r e d ,  and 
deployed w i t h  the Doppler radar measuring t h e i r  v e l o c i t i e s .  The main payload 



e l e c t r o n  a c c e l e r a t o r  was s t a r t e d  on t ime  and i n j e c t e d  e l e c t r o n s  a t  t he  
an t ic ipa ted  power according t o  t h e  preset programmer. The s c i e n t i f i c  i n s t r u -  
men ta t i on  on a l l  t h e  s e c t i o n s  per formed nominally w i t h  the  s i x  telemetry 
1 i nks  from the  main payload and f ree - f l ye rs  t r a n s m i t t i n g ,  b e i n g  rece ived,  
and recorded w i t h  excel  1 e n t  s i g n a l  -t o-noi se charac ter is t i cs .  I n  summary, 
i t  may be sa id  t h a t  t he  Echc 6 m iss ion  performed as a n t i c i p a t e d  and t h a t  
the  instrumentation made a1 1 of the measurements necessary fo r  i nves t i ga t i ng  
the  major s c i e n t i f i c  object ives. 

Th i s  endeavor involved 10's o f  man years o f  e f f o r t  and covered 1 month 
shor t  o f  3 years from incept ion t o  launch. The overwhelming success o f  t h e  
m i s s i o n  i s  a tes t imony t o  t h e  extensive cooperation and dedicat ion c f  t he  
groups involved: NASA Headquarters, NASA/Goddard Space F l i g h t  Center, Univer- 
s i  t y  of Minnesota, General E l e c t r i c  MATSCO, Un ivers i ty  o f  New Hvr,pshire, 
NASA/Wallops F l  i g h t  F a c i l i t y ,  Poker F l a t  Research Range, U n i v e r s i t y  o f  
A l  aska, Phys i ca l  Science Laboratory NMSU, B r i s t o l  Aerospace, a o j  numerous 
other scientists, engineers, contractors, techrticians, machinists, and suppl i - 
ers. 

The s c i e n t i f i c  data analys is  i s  vigorously underway w i t h  many e x c i t i n g  
r e s u l t s  being invest igated and reported. 




