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PASSIVE GEODETIC SATELLITE CANISTER ASSEMBLIES 

By James 0. Gibson and Robert R. Carman 

SUMMARY 

The passive geodetic s a t e l l i t e  (PAGEOS) c a n i s t e r  assemblies were 
designed, analyzed f o r  s t r u c t u r a l  i n t e g r i t y  and thermal s t a b i l i t y ,  f ab r i ca t ed  
i n  q u a n t i t i e s  of f i v e  u n i t s ,  and t e s t e d  f o r  conformance t o  t h e  design 
parameters. 

The t e s t i n g  program required t h a t  components and mater ia l s ,  not previously 
qua l i f i ed  f o r  t h e  PAGEOS environmental conditions spec i f ied ,  must be t e s t e d  
t o  s u f f i c i e n t  l eve l s  t o  prove t h e i r  i n t eg r i ty .  

The pre-prototype (Canis te r  Assembly No. 1) was used f o r  s t a t i c  s t r u c t u r a l  
The prototype (Canis te r  Assembly No. 2 )  was used f o r  dynamic and t e s t i n g .  

thermal t e s t i n g  t o  t h e  q u a l i f i c a t i o n  l e v e l s  of t h e  launch and t r a j ec to ry - to -  
o r b i t  environmental conditions.  Sa t i s f ac to ry  completion of t h e  q u a l i f i c a t i o n  
t e s t s  was  required as a p re requ i s i t e  t o  f ab r i ca t ion  of t h e  f l i g h t  c a n i s t e r  
assemblies. 

A high r e l i a b i l i t y  was des i red  f o r  t h e  f l i g h t  c a n i s t e r  assemblies. 8 

Therefore, a thorough program of r e l i a b i l i t y  ana lys i s ,  monitoring of 
design and procurement drawings and spec i f i ca t ions ,  as we l l  as f a i l u r e  
r epor t ing  and c a n i s t e r  ana lys i s ,  was implemented. 
r e l i a b i l i t y ,  a q u a l i t y  assurance program was implemented t o  maintain a 
t i g h t  su rve i l l ance  during t h e  f ab r i ca t ion  and t e s t i n g  of in-house hardware 
and din-inz receipt. E ( D ~  t.est.j.ng of pTnc1.v-d hardware. 

To ensure high 

The t e c h n i c a l  requirements of t h e  can i s t e r  assembly, as shown i n  
Design Parameters, were met by the  spacecraf t .  _. 

INTRODUC T I O N  

The s a t e l l i t e ,  knm as PAGEOS I, was launched i n t o  ea r th  o r b i t  on 
23 June 1966, by t h e  NASA Langley Research Center i n  support of' t h e  Nat ional  
Geodetic S a t e l l i t e  Program. 
with an a l t i t u d e  of approximately 4,250 kilometers (2,640 mi les )  by a Thrust-  
Augmented Thor-Agena-D launch vehic le  from the Western Tes t  Range. 
s a t e l l i t e  i s  a passive,  specular ,  s o l a r  r e f l e c t o r  which w i l l  be used f o r  a 
minimum f ive-year  per iod  i n  t h e  measurement of t h e  shape and s i z e  of t h e  eas th  
and t h e  p o s i t i o n  of t h e  land masses on t h e  earth.  

It was  placed i n  a near  po lar ,  c i r c u l a r  o r b i t  

This 



The 100-foot diameter, aluminum-coated spher ica l  s a t e l l i t e  i s  
observed from t h e  ground as a point  source of l i g h t  while it r e f l e c t s  t h e  
incident  sunl ight .  Simultaneous photographs of t h i s  l i g h t  source,  taken 
against  t h e  s tar  background by two o r  more widely separated ground-based 
cameras, w i l l  enable geodesis ts  t o  determine t h e  s p a t i a l  coordinates of 
each camera posi t ion.  
posi t ions w i l l  cover t h e  e n t i r e  surface of t h e  ea r th ,  thereby permit t ing 
geometric determination of each camera pos i t ion  within a s i n g l e  reference 
system, 
of one p a r t  i n  5OO,OOO o r  32 f e e t  i n  3000 miles.  

An interconnected s e r i e s  of es tab l i shed  camera 

It i s  expected t h a t  t hese  determinations can be made t o  an accuracy 

The PAGEOS space vehicle  cons i s t s  pr imari ly  of a launch veh ic l e ,  a space- 
c r a f t  and a shroud. The c a n i s t e r  assembly, i n  i t s  f l i g h t  configurat ion,  pro- 
vided the  d i r e c t  means of adapting the  i n f l a t a b l e  sphere t o  the  Agena-D 
vehicle ,  conveying it i n t o  o r b i t  and f o r  re leas ing  it t o  permit i t s  i n f l a t i o n  
i n  space a t  t he  proper time. The concept of t h e  c a n i s t e r  u t i l i z e d  the 
technologies developed i n  the  Echo I and Echo I1 pro jec t s .  The f i r s t  c a n i s t e r  
assembly, designated the pre-prototype, was subjected t o  developmental t e s t s ,  
u t i l i z e d  i n  t h e  c a n i s t e r  e j e c t i o n  and c a n i s t e r  opening t e s t s ,  and was hydrc- 
s t a t i c a l l y  t e s t ed .  The second c a n i s t e r  assembly, designated the  prototype, 
was used f o r  t he  q u a l i f i c a t i o n  t e s t s  and used i n  conjunction with an i n f l a t a b l e  
sphere assembly i n  the vacuum chamber t e s t  a t  Langley Research Center ( L R C ) .  
The three remaining c a n i s t e r  assemblies were t o  be used a s  f l i g h t  items o r  
spares. 

The terms and items discussed i n  t h i s  f i n a l  r epor t  a r e  defined as  follows: 

Canister.  - The spher ica l  container  i n  which t h e  i n f l a t a b l e  sphere assembly 
i s  enclosed. 

Adapter. - The t r a n s i t i o n  sec t ion  which a t t aches  t h e  c a n i s t e r  t o  t h e  shroud 
support r i n g  and t h e  t h r u s t  f ace  of t h e  Agena-D. 

Canis ter  assembl . - The c a n i s t e r ,  adapter  and a l l  attachments t o  the  
canii-zr. 

Spacecraft. - A l l  items above t h e  t h r u s t  f ace  of t h e  Agena-D except t h e  
shroud and t h e  shroud mount r ing.  

Canis ter  e j e c t i o n  system. - The system u t i l i z e d  t o  separa te  t h e  c a n i s t e r  
from the  adapter.  

Canis ter  opening system. - The system u t i l i z e d  t o  sepa ra t e  t h e  hemis- 
pher ica l  c a n i s t e r  halves. 

Shroud. - J e t t i s o n a b l e  f a i r i n g  t o  p r o t e c t  spacecraf t  during ascent  i n t o  
orb it- 

Shroud mount r ing.  - Ring which mounts between t h r u s t  f ace  of Agena-D and 
spacecraf t ,  on which t h e  shroud mounts. 

2 



I n f l a t a b l e  sphere assembly. - That por t ion  of t h e  spacecraf t  contained 
within t h e  c a n i s t e r  during ascent ,  cons is t ing  of t h e  i n f l a t a b l e  sphere and 
i t s  i n f l a t i o n  compound. 

Aerospace ground equipment (AGE). - The equipment necessary f o r  t h e  
t ranspor ta t ion ,  handling, monitoring, maintenance, r e p a i r ,  preparat ion,  
checkout, and assembly of t h e  spacecraf t  o r  i t s  components. 

Launch vehicle .  - A l l  items below t h e  shroud mount r ing ,  which cons i s t s  
of a Thrust-Augmented Thor f i r s t  s tage with an Agena-D second stage.  

Space vehicle .  - The complete launch configurat ion including t h e  launch 
veh ic l e ,  t h e  spacecraf t ,  and t h e  shroud. 

SYMBOLS 

A 

a 

C 
P 

c S  

E 

F 

2 
area - f t  

albedo 

r a t i o  of systems damping f a c t o r  t o  systems v e r t i c a l  
damping f a c t o r  

s p e c i f i c  hea t  - Btu'sl lb-"F 

s o l a r  constant  - Btu ' s lhr - f t  

e a r t h  rad ia t ion  - Btu ' s lh r - f t  

2 

2 

.-: ,... Pn-C,... 
Y A L W  I " L " U L  

H 

h 

I i 

gravi ty  constant - f t / s e c  

a l t i t u d e  - nau t i ca l  miles 

adapter he ight  - f t  

i t h  node 

j t h  node 

thermal conductivity - Btu 's lhr-f t -"F 

d is tance  o r  length - f t  

normal vector 

p lane t  vector 
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RP 

RC, RL, FUl, 
RJ2, RJ3 
- 
S 

T 

U 

W 

X 

2 
hea t  f lux - Btu 's /hr-f t  

radius  of e a r t h  - n a u t i c a l  miles 

r e s i s t o r s  - Btu' s/hr-"F 

s o l a r  vec tor  

temperature - O R  

v e l o c i t y  - f t / s e c  

weight - l b s  

coordinate i n  d i r e c t i o n  of f l i g h t  

Y coordinate i n  r i g h t  handed system 

Z coordinate i n  d i r e c t i o n  toward e a r t h  

cc s o l a r  ab s orpt  anc e 

CI' 

P angle between and e i t h e r  - radians 

2 
thermal d i f f u s i v i t y  - f t  /h r  

angle between E and - radians 2.- 
A increment 

8 thickness  - f t  

E emissivi ty  

e 

II 

P 
0 

r 

angle ( a d a p t e r )  - degrees or  radians 

angle ( c a n i s t e r )  - degrees or  rad ians  

constant 

densi ty  - l b s / f t  3 

2 4 Stefan Boltzmann cons tan t  - Btu ' s / f t  / h r / " R  

time - hours 

fl angle - e a r t h  - sun - rad ians  

4 



. 
4’ 

Subscr ip ts  : 

a 

E 

0 

S 

00 

V2 

a erodynami c 

e a r t h  r ad ia t ed  

sea l e v e l  

pro jec ted  

r e f l e c t e d  

s o l a r  

f r e e  stream 

Laplacian operator 

DESCRIPTION OF CANISTER ASSEMBLY - DESIGN 

In t roduct ion  

The c a n i s t e r  assembly breaks down i n t o  f i v e  major items: (1) c a n j s t e r ,  
( 2 )  adapter ,  (3)  c a n i s t e r  e j e c t i o n  system, ( 4 )  c a n i s t e r  opening system, and 
( 5 )  t h e  instrumentation and e l e c t r i c a l  system. 

The c a n i s t e r  assemblies were designed t o  be compatible with the  Thrust 
Relative t o  the  aerodynamic shroud, Augmented Thor (TAT) Agena-D vehicle.  

it was determined t h a t  (1) the  c a n i s t e r  assembly c leared  the  spec i f i ed  
s t a t i c  and dynamic clearance envelope f o r  the shroud, ( 2 )  t h e  adapter s ec t ion  
Of t he  c a n i s t e r  assembly accommodated the  wire rout ing  required f o r  t he  shroud 
ins t rumenta t ion  and shroud func t ions ,  and (3) t h e  c a n i s t e r  assembly was de- 
signed such t h a t  a f t e r  i n s t a l l a t i o n  of t h e  shroud, a l l  apera t ions  requi red  on 
t h e  spacec ra f t  were a f f ec t ed  through one 6-318-inch diameter halid hole  and a 
2-inch diameter observation po r t  i n  t h e  shroud. The lower r i n g  was machined 
i n  one p i ece  with a closed-angle c ross  sec t ion  and provided an e igh t  b o l t  
p a t t e r n  wi th  a r o t a t i o n a l  pos i t i on ing  index p in  clearance hole f o r  mounting 

c a n i s t e r  assembly was designed t o  survive the f l i g h t  environment with a high 
degree of confidence,to accommodate t h e  spec i f ied  connectors and connector 
l o c a t i o n s  on the  Agena diaphragm t h a t  were used f o r  t he  c a n i s t e r  instrumenta- 
t i o n  and t h e  c a n i s t e r  e j e c t i o n  system pyrotechnics wiring. 

4.L- -I-^-^--- n L  L n . 7  -L>..- I^ A , - -  1 n ---I-:  -1 - LL- 
I~L.LF: o p a ~ c c ~ d ~  c, c,u tile b’riruuci I I ~ U L U ~ ~  riLig. neiac,ivt: ~ru UIC figei1a-u VCLILLLC, 

A PAGEOS spacecraf t ,  complete with thermal cont ro l  coating, i s  shown i n  
Figure 1. 
arrangement a r e  i l l u s t r a t e d  i n  Figures 2 ,  3A and 3B respec t ive ly .  

The c a n i s t e r  assembly configuration and c a n i s t e r  assembly general  

5 



Canis te r  

The c a n i s t e r  ( a  sphe r i ca l  p ressure  v e s s e l  with an in s ide  diameter of 
26.5 inches) contained and pro tec ted  t h e  i n f l a t a b l e  sphere from t h e  time of 
packaging,through launch,to deployment. I n  p r i n c i p l e ,  it i s  t h e  same as t h e  
Echo I c a n i s t e r .  The halves were machined from two hemispherical magnesium 
forgings (ZK6OA-T5),  and interconnected a t  t h e  equator. 

The c a n i s t e r  halves were mated a t  t h e  equator as shown i n  Figure 4. 
Each ha l f  was machined circumf'erentially a t  t h e  equator t o  provide a s l i d i n g  
valve f o r  c o n t r o l  of shaped-charge deb r i s  and t o  support t h e  c a n i s t e r  halves 
s t r u c t u r a l l y .  
c a n i s t e r  h a l f .  The s e a l s  were lub r i ca t ed  with a high-vacuum grease before 
t h e  c a n i s t e r  was closed and maintained t h e  vacuum ins ide  t h e  c a n i s t e r .  A 
dove-tailed r i n g  groove i n  t h e  male w a l l  accommodated an "0" r i n g  as p a r t  
of t h e  c a n i s t e r  opening system. 
passing through holes d r i l l e d  through t h e  e x t e r n a l  e q u a t o r i a l  f langes  of 
each c a n i s t e r  ha l f .  These f langes  a l s o  contained holes f o r  handling and 
packaging with aerospace ground equipment. 

A t h i n  neoprene vacuum-tight f a c e  s e a l  was bonded t o  each 

The halves were laced toge ther  by cord 

The ex te rna l  equa to r i a l  f langes  and t h e  s l i d i n g  valve design were 
d i c t a t ed  by the  c a n i s t e r  opening system. The ex te rna l  f langes  entrapped and 
posit ioned t h e  shaped-charge f o r  t h e  c a n i s t e r  opening system and absorbed and 
d i s t r i b u t e d  t h e  explosive fo rces  of t h e  shaped-charge requi red  t o  impart 
a minimum ve loc i ty  of 20 f p s  t o  each c a n i s t e r  ha l f .  The design of t hese  
f langes ,  and t h e i r  t r a n s i t i o n  t o  t h e  c a n i s t e r  w a l l ,  was a c r i t i c a l  item of 
d e t a i l  design. The s l i d i n g  valve was designed t o  prevent shaped-charge 
debr i s  from passing through t h e  j o i n t  and impinging on t h e  packaged sphere. 
The d iamet r ica l  clearance on t h e  s l i d i n g  valve i s  held t o  from 0.002 inch 
minimum t o  0.008 inch maximum. 
a dry f i l m  lub r i can t  t o  maintain low f r i c t i o n  on a l l  mating sur faces .  

The s l i d i n g  valve sur faces  were t r e a t e d  with 

The upper c a n i s t e r  ha l f  had a t h i c k e r  w a l l  (0.108 ? 0.005 inch)  than t h e  
lower h a l f  (0.065 + 0.005 inch)  so  t h a t  t h e  weights were approximately 
equal and t h e  energy of t h e  shaped-charge de tona t ion  reac ted  on approximately 
equal masses and thus imparted approximately equal  v e l o c i t i e s  t o  each ha l f .  

Two solenoid operated c a n i s t e r  va lves ,  with removable f i b e r g l a s s  covers,  
were mounted 180 degrees a p a r t  j u s t  above t h e  e q u a t o r i a l  f lange  of t h e  c a n i s t e r  
upper h a l f  a s  shown i n  Figure 4. 
and were used i n  conjunction with aerospace ground equipment f o r  c a n i s t e r  
p re s  sure regula t ion .  

These valves were t h e  normally-closed type 

The lower can i s t e r  ha l f  had t h r e e  p o r t s ,  two j u s t  below t h e  e q u a t o r i a l  
f lange ( see  Figure 4 )  and one ad jacen t  t o  the  lower po le ,  which accommodated 
the  i n s t a l l a t i o n  of pressure  t ransducers .  
f i be rg la s s  covers. 

These t o o  were f a i r e d  wi th  removable 
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Two p a i r s  of temperature tranducers (one of each p a i r  redundant) were 
mounted on the  c a n i s t e r  t o  monitor both the  h ighes t  and lowest temperatures 
encountered by t h e  c a n i s t e r  during f l i g h t .  
ducers were i n s t a l l e d  i n  the  upper can i s t e r  h a l f  and two i n  the  bottom. 

Two of t he  interchangeable t r ans -  

All por te  in s ide  t h e  c a n i s t e r  were covered with gauze pads and the  
e n t i r e  surface of t he  c a n i s t e r  coated with Emeralon 320 (0.2 t o  0.7 m i l  t h i c k )  
t o  minimize abrasion of t h e  i n f l a t a b l e  sphere. 

The c a n i s t e r  was mounted t o  the  adapter a t  the  pole of t h e  lower ha l f  
( s ee  Figure 5 ) .  
(an i n t e g r a l  p a r t  of t he  machined magnesium forg ing)  extended approximately 
3.5 inches t o  the  adapter  mounting surface.  
s ec t ion  f o r  mounting of t h e  switches,  t imers ,  and b a t t e r y  packs and the  plug 
f o r  the  c a n i s t e r  opening e l e c t r i c a l  system and AGE monitoring of spacecraf t  
f l i g h t  funct ions.  
r e spec t ive ly ,  s t r u c t u r a l l y  indexed the  mating p a r t s ,  and a spher ica l  de t en t  
provided r o t a t i o n a l  indexing. 
r e l ease  type clamp t h a t  gripped ex te rna l  machined V f langes .  

A hollow conica l  sec t ion  approximately 11 inches i n  diameter 

Provis ions were made i n  t h i s  

A tapered s e a t  i n  t he  conical  c a n i s t e r  extension and adapter  

The mated p a r t s  were held together  by a quick- 

The e j e c t i 6 n  system spr ing  and t h e  e l e c t r i c a l  wir ing t h a t  t ransmi t ted  
the  c a n i s t e r  temperature and pressure da ta  t o  the  Agena te lemetry system 
were i n s t a l l e d  in s ide  t h e  hollow conica l  sec t ion  ( see  Figure 5 ) .  
e x t e r n a l  boss was mchined  i n t o  the  can i s t e r  s h e l l  t o  provide the r e g i s t e r  
f o r  t h e  e j e c t i o n  spr ing .  
mentation wir ing  t o  a r i g i d  aluminum conduit mounted on the  center  l i n e  of t he  
c a n i s t e r .  This conduit  was a t tached  t o  the  c a n i s t e r  lower ha l f  by screws i n  
tapped holes  i n  t h e  boss ;  it provided t h e  support f o r  t he  breakway plug 
requi red  a t  t h e  e j e c t i o n  plane.  

An 

Undercuts i n  t h e  boss permit rou t ing  of t he  i n s t r u -  

The e x t e r i o r  surface of t h e  c a n i s t e r  was provided with a thermal 
Control cOating which cons is ted  of an inorganic f i n i s h  (white epoxy enamel), 
5 t o  10 m i l s  t h i ck ,  appl ied  t o  the  e n t i r e  e x t e r i o r  sur face ,  which was then 
p a r t i a l l y  covered wi th  a p a t t e r n  of 0.002-inch t h i c k ,  aluminum f o i l ,  p ressure  
s e n s i t i v e  thermal r e f l e c t i v e  tape .  

Adapter 

The adapter  was a frustum of a 45" (half-angle)  cone approximately 
25.5 inches high wi th  a base diameter of 60 inches.  
sur faces  mated t h e  r e spec t ive  s t ructural-mechanical  i n t e r f aces  with t h e  
c a n i s t e r  and shroud mount r ing .  A semimonocoque cons t ruc t ion  was u t i l i z e d  
cons i s t ing  of ah 0.032 inch  aluminum skin  r ive t ed  t o  a framework of two 
machined c i r cumfe ren t i a l  aluminum r ings  (upper and lower) and one interme- 
d i a t e  aluminum shee t  metal  r i n g  interconnected by 16 aluminum angles along 
element l i n e s  of t h e  cone. 
on f l anges  of two of t h e  shee t  metal angles.  
s t r u c t u r e  accommodated mounting of t h e  e l e c t r i c a l  instrumentat ion box. 

The upper and lower 

The two-piece skin was b u t t  sp l i ced  180" opposed 
An intermediate  r ive t ed  



The upper r i n g  provided t h e  mounting surface f o r  t h e  c a n i s t e r  a s  defined 
i n  t h e  c a n i s t e r  descr ip t ion  and shown i n  Figure 5 .  It a l s o  supported and 
position-indexed t h e  c a n i s t e r  e j e c t i o n  spr ing and maintained t h e  c a n i s t e r  
opening-start switches (mounted i n  t h e  c a n i s t e r )  i n  t h e  circui t -open pos i t ions  
u n t i l  t he  canis te r -e jec t ion  s i g n a l  occurred. 

Access t o  t h e  two e l e c t r i c a l  connectors a t  t h e  Agena diaphragm was 
provided through two doubler-reinforced hand holes i n  t h e  skin.  
diameter chutes,  180" a p a r t ,  were provided through t h e  sk in  s t r u c t u r e  t o  
accommodate shroud instrumentation and shroud funct ions wiring. 

Two 5-inch 

The e x t e r i o r  surface of t h e  adapter was provided with a thermal con t ro l  
coating i d e n t i c a l  t o  t h a t  of t he  c a n i s t e r ,  which consis ted of 5 t o  10 m i l  
t h i c k  inorganic f i n i s h  (white epoxy enamel) applied t o  the  e n t i r e  ex terna l  
surface which was then p a r t i a l l y  covered with a p a t t e r n  of pressure s e n s i t i v e  
aluminum f o i l ,  0.002-inch t h i c k ,  thermal r e f l e c t i v e  tape.  

Canis ter  Eject ion System 

The e j e c t i o n  system, upon r e c e i p t  of f i r i n g  cur ren t  from t h e  Agena- 
control led s i g n a l ,  re leased the  c a n i s t e r  from the adapter and e j e c t e d  it from 
t h e  space vehicle a t  a minimum r e l a t i v e  ve loc i ty  of approximately 6 f p s .  
the same time, switches were ac t iva ted  i n  t he  c a n i s t e r  base f o r  i n i t i a t i o n  
subsequent programmed deployment events which are as follows: 

A t  

(1) Connect b a t t e r y  vol tage t o  t imer  dimple motors. 

(2) Fi r ing  of dimple motors unlatched and s t a r t e d  t h e  spr ing wound 
primary and secondary t imers .  

A t  rundown of t imers  t h e  b a t t e r y  vol tage i s  connected t o  t h e  
detonators f o r  t h e  shaped charge i n i t i a t i o n .  

( 3 )  

The nechanical components of t h e  e j e c t i o n  system were (1) an e j e c t i o n  
spr ing,  ( 2 )  a quick-release clamp connecting t h e  c a n i s t e r  and adapter ,  and 
( 3 )  explosive b o l t s  f o r  clamp re l ease .  
under t h e  Instrumentation and E l e c t r i c a l  System descr ip t ion .  ) 

(The e l e c t r i c a l  system i s  discussed 

The conical ly  wound e j e c t i o n  spr ing  was i n s t a l l e d  under compression and 
imparted t h e  r e l a t i v e  v e l o c i t y  t o  t h e  mass of t h e  c a n i s t e r  when t h e  c a n i s t e r -  
adapter clamp was released. The sp r ing ,  made from ASTM type 6150 s t e e l  wire,  
was attached t o  the adapter  and compressed between t h e  c a n i s t e r  and adapter 
and position-indexed symmetrically around t h e  v e r t i c a l  c e n t e r  l i n e .  

The quick-release clamp w a s  made i n  two halves connected by two 
explosive b o l t s .  Each ha l f  w a s  a t tached  t o  t h e  adapter  with t h r e e  lanyards. 
The clamp was a f l a t  s t a i n l e s s - s t e e l  band wi th  V-index blocks at tached t o  
and loca l ly  spaced around t h e  i n s i d e  sur face  of t h e  band. These blocks 
r eg i s t e red  with the  mated e x t e r n a l  V f langes  at t h e  canis te r -adapter  i n t e r f ace .  
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Each clamp band terminated a t  a machined end trunnion. 
t he  end trunnions of t h e  respec t ive  clamp quadrants permit ted tensioning 
of t h e  clamp bands. 
explosive b o l t s ,  (as  explained i n  Instrumentation and E l e c t r i c a l  System), 
t he  clamp design permitted complete re lease of t he  clamp with only one b o l t  
f i r i n g .  
V f langes ,  and t h e  c a n i s t e r  base w i t h  adapter s e a t ,  were t r e a t e d  with a dry 
fi:Lm lubr icant  t o  reduce f r i c t i o n  on a l l  re lease  surfaces .  

Clearance between 

In  addi t ion  t o  the  redundancy provided f o r  f i r i n g  t h e  

The contac t  and r e l ease  surfaces ,  t h e  clamp V blocks w i t h  t he  

Canis te r  Opening System 

The c a n i s t e r  opening system interconnected t h e  c a n i s t e r  halves. 
On r ece ip t  of a s igna l ,  it re leased  the  halves and imparted a minimum 
ve loc i ty  of 20 fps  t o  each. 
opening system cons is t  of (1) a shaped charge, ( 2 )  s t rux ,  ( 3 )  an "0" 
r i n g ,  ( 4 )  lac ing ,  ( 5 )  rubber l i n e r s ,  and (6)  shaped-charge thermal 
pro tec t ion  cover. The c a n i s t e r  opening mechanical sys ten  i s  shown i n  
Figure 6. 

The mechanical components of t h e  c a n i s t e r  

Dacron 
Lacing 

Flex ib le  Linear 

Celluar Cellulose 
Rubber Liner Acetate (Strux)  

Shaped Charge Thermal 
P ro tec t ion  Cover 
(Aluminized Mylar) 

Figure 6. - Canister  opening system. 



The shaped charge was a nominal 40 g ra in  per  f o o t ,  lead-encased cresent -  
shaped PETN f l e x i b l e  l i n e a r  charge. 
cut i t  a t  i n i t i a t i o n .  The high-detonation propagation r a t e  of t h e  charge 
applied an impulse t o  the  equator ia l  f langes of t h e  c a n i s t e r  halves and 
opened t h e  c a n i s t e r .  A primary and backup detonator were used t o  i n i t i a t e  
t h e  shaped charge. 
equator ia l  f lange.  
detonator r e t a i n e r  and the  upper ends contained s t e e l  bushings t h a t  prevented 
t h e  flange from s p l i t t i n g  when t h e  detonator  was f i r e d .  The detonators  were 
secured i n  d i r e c t  contact  with the  shaped charge. Removable f i b e r g l a s s  covers 
f a i r e d  and protected each detonator i n s t a l l a t i o n .  Strux,  a c e l l u l a r  c e l l u l o s e  
ace t a t e ,  w a s  machined t o  prec ise  dimensions required t o  mount and prepos i t ion  
t h e  shaped charge i n  the  cen te r  of t h e  equator ia l  f lange gap. 

I t s  concave s i d e  faced t h e  l a c i n g  and 

They were i n s t a l l e d  through holes  i n  t h e  lower c a n i s t e r  
The lower ends of t hese  holes  were tapped f o r  t h e  

The l a c i n g  interconnected the  c a n i s t e r  halves and a l s o  held t h e  shaped 
charge and Strux i n  p l ace .  
holes  i n  the equator ia l  f langes of t he  c a n i s t e r  halves .  The holes  were 
chamfered t o  prevent f ray ing  o r  c u t t i n g  of t h e  l a c i n g .  
i n s t a l l e d  i n  sho r t  segments so t h a t  f a i l u r e  of one segment would not  permit 
premature opening of t he  c a n i s t e r  urlder e x t e r n a l  vacuum condi t ions.  

It was pretensioned Dacron l i n e ,  laced through 

The l a c i n g  was 

Rubber l i n e r s  were bonded t o  t h e  shaped charge s i d e  of each e q u a t o r i a l  
f lange t o  minimize damage t o  t h e  f l anges  when t h e  shaped charge was 
exploded. 
adhesive t o  t h e  c a n i s t e r  f l anges ,  covered t h e  space between t h e  e q u a t o r i a l  
f langes of  t h e  c a n i s t e r  halves t o  provide thermal pro tec t ion  f o r  t h e  shaped 
charge. 

Half m i l  aluminized Mylar t a p e ,  a t tached with a pressure s e n s i t i v e  

Instrumentation and E l e c t r i c a l  System 

Overall considerat ions.  - The spacecraf t  instrumentat ion and e l e c t r i c a l  
system i s  shown i n  Figure 7. It provided a l l  e l e c t r i c a l  connections within 
t h e  spacecraf t ,  t h e  e l e c t r i c a l  connection f o r  launch vehicle  command 
functions , te lemetry d a t a ,  power supply,  and monitoring c i r c u i t r y .  
system was composed of t h e  following: 
monitoring of pressure and temperature , ( 2 )  c a n i s t e r  e j e c t i o n ,  and 
( 3 )  can i s t e r  opening, 

The 
(1) c a n i s t e r  instrumentat ion f o r  

The e n t i r e  PAGEOS instrumentat ion system power inpu t  was 0.332 amperes 
from the Agena-D regulated 28 VDC power supply. The load was continuous p r i o r  
t o  and during the  launch per iod.  
c r a f t  instrumentation so t h a t  0 t o  5 V (?  2%) corresponded t o  a pressure range 
of 0 to  10 t o r r  ( k  2%) and a temperature range of -10 t o  +200"F ( 2  2%). 
can i s t e r  e j e c t i o n  monitor s i g n a l  was a step-change i n  vol tage from 2.13 t o  
4.0 vo l t s  (k 0.03 V )  a t  c a n i s t e r  e j e c t i o n .  
from t h e  instrumentation e l e c t r i c a l  package t o  t h e  Agena-D connection. 

The da ta  s i g n a l s  were conditioned by space- 

The 

An e l e c t r i c a l  harness  was routed 
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..The can i s t e r - e j ec t ion  e l e c t r i c a l  system included t h e  i n i t i a t i o n  
c i r c u i t r y  f o r  t h e  explosive power ca r t r idges  used i n  t h e  explosive b o l t s .  
A separate  e l e c t r i c a l  harness f o r  t h i s  system was a t tached  t o  t h e  adapter  
s t ruc ture .  The c i r c u i t s  were redundant, and each power ca r t r idge  w a s  
a dual-bridge wire device. 

The canister-opening e l e c t r i c a l  p a r t s  cons is ted  of t h e  i n i t i a t i o n  
c i r c u i t r y  f o r  t he  f l e x i b l e  l i n e a r  shaped charge and were contained w i t h i n  
t h e  conical  s ec t ion  of t h e  c a n i s t e r  lower ha l f .  The e l e c t r i c a l  c i r c u i t s  
were redundant; each c i r c u i t  contained a ba t t e ry  pack, a t imer ,  and an 
i n i t i a t i o n  switch. One shaped charge detonator  was included i n  each 
redundant c i r c u i t ,  each capable of i n i t i a t i n g  t h e  shaped charge. An 
e l e c t r i c a l  harness connected t h e  e l e c t r i c a l  components i n  t he  c a n i s t e r  
base t o  t h e  shaped charge detonators .  Two environmental proof i n i t i a t i o n  
switches on t h e  c a n i s t e r  were used t o  c lose  t h e  c i r c u i t  between t h e  t imer  
dimple motors and t h e  b a t t e r y  packs, thus f i r i n g  the  dimple motors and 
s t a r t i n g  the  t imer.  

Canis ter  instrumentation. - The monitoring of t h e  spacecraf t  c a n i s t e r  
pressure required a tiighly s e n s i t i v e  system. Continuous monitoring 
of t h e  can i s t e r  pressure was required from c losure  t o  e jec t ion .  
pressure-sensing system t h a t  w a s  s e l ec t ed  measured t h e  pressure accura te ly  
i n  t h e  0 t o  10 torr range. It contained a pressure  t ransducer  and a submin- 
i a t u r e  power supply. The output of' t h e  t ransducer  was conditioned by a 
DC amplif ier  t h a t  provided a s i g n a l  output l e v e l  and impedance compatible 
w i t h  the  commutated subcar r ie r  o s c i l l a t o r  channel on t h e  Agena-D telemetry 
system. 

The 

The temperature t ransducers  on the  c a n i s t e r  were loca ted  (from t r a j e c t o r y  
ana lys i s )  t o  monitor both the h ighes t  and lowest temperatures encountered. 
The transducer leads  were terminated t o  f a c i l i t a t e  changing from one t r ans -  
ducer t o  the o ther ,  should one become inoperatiyie before  launch. I n  add i t ion ,  
the redundant t ransducer  on the  can i s t e r  lower llalf was wired t o  be used i n  
conjunction with AGE a s  a c a n i s t e r  temperature monitor p r i o r  t o  mating with the  
Agena-D. The temperature sensor was used i n  conjunction with s ignal-condi t ioning 
c i r c u i t r y ,  which was powered by a 5.0 v o l t  output  DC-DC power converter .  

The can i s t e r  e j ec t ion  monitor s i g n a l  was obtained by opening a shunt 
across  a vol tage d iv ider  network t h a t  caused a s tep-vol tage  change from 2.13 
t o  4.0 vol t s  when the  c a n i s t e r  was e jec ted .  
t h e  canis ter-adapter  separa t ion  connector,  one contac t  on each t imer,  and 
back through the  separa t ion  connector. 
not only of can i s t e r  e j ec t ion ,  bu t  a l s o  of premature i n i t i a t i o n  of t h e  c a n i s t e r  
opening system. 
s i g n a l  output l e v e l  and impedance c m p a t i b l e  w i t h  t h e  Agena-D telemetry system. 

A l l  of t he  instrumentation syrtems were compatible f o r  use with the  

The shunt was wired through 

This provided a te lemetry ind ica t ion  

The c a n i s t e r  e j e c t i o n  monitor system provided a continuous 

Agena-D hardl ine monitoring and t h e  Agena te lemet ry  t r ansmi t t e r .  
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Canis te r  e j ec t ion .  - The c a n i s t e r  e j ec t ion  system was redundant 
i n  t h a t  t h e r e  were two clamp sepa ra to r s  w i t h  dua l  br idge  wires i n  each 
explosive power ca r t r idge  with ind iv idua l  twisted and sh ie lded  l eads  f o r  
each br idge  wire.  
a separa t ion  impulse t o  t h e  clamp halves by u t i l i z i n g  gas pressure  genera- 
t e d  by a power ca r t r idge .  The gas pressure  ac ted  on a s l i d i n g  p i s t o n  t h a t  
caused t h e  b o l t s  ( i n  t ens ion )  t o  break a t  a V-groove po in t .  The p i s ton  had 
approximately a 1/8-inch ove r t r ave l  t h a t  imparted the  separa t ion  impulse on 
t h e  clamp halves.  The p i s t o n  employed an "0" r i n g  s e a l  and was r e t a ined  i n  
the  assembly, thereby containing t h e  combustion products of t h e  power 
c a r t r i d g e .  

The clamp sepa ra to r s  were designed t o  r e l e a s e  and impart 

The power c a r t r i d g e  u t i l i z e d  was a dual br idge  wire device wi th  each 
br idge  Wire having a r e s i s t ance  of 1.1 k 0.1 ohm. The power c a r t r i d g e  and 
i t s  a s soc ia t ed  spacecraf t  wi r ing  were designed with primary cons idera t ion  
being given t o  AMFTC Ordnance Standards (1 amp - 1 watt no - f i r e  l e v e l  fo r  
5 minutes) and AMFTCP 80-2 General Range Safety Plan. The e j e c t i o n  command 
s i g n a l  from the  Agena-D launch veh ic l e ,  connected power t o  the  dua l  br idge  
wires  of t h e  explosive power c a r t r i d g e s  causing both clamp separa tors  t o  
r e l e a s e  wi th  a p o s i t i v e  force  being appl ied  t o  the  clamp halves causing them 
t o  separa te .  An a d d i t i o n a l  separa t ing  force  was appl ied  t o  t h e  clamp ha lves  
by v i r t u e  of t h e i r  sp r ing  s t e e l  construction. Provisions f o r  sho r t ing  and 
arming plugs f o r  t h e  pyrotechnics were supplied on the  Agena-D launch 
vehic le .  

Canis te r  opening. - The c a n i s t e r  opening system was sequen t i a l ly  
redundant from e j e c t i o n  s i g n a l  through the  detonation of t he  pyrotechnics.  
Each system was energized by a switch t h a t  closed when the  c a n i s t e r  was 
e j ec t ed .  The c los ing  of t he  switch s t a r t e d  two timing mechanisms. When 
the  t imer  i n  the  primary f i r i n g  c i r c u i t  timed ou t  t o  83.5 sec ,  t h e  t imer 
switch c losed  and appl ied  power from the  b a t t e r y  power pack t o  t h e  shaped 
charge de tona tor  l oca t ed  a t  zne tY ax i s .  i n  everii iiie p i i i i ~ i - j -  detoiiatoi- 
would no t  i n i t i a t e  t he  shaped charge, t he  timer i n  the  secondary f i r i n g  
c i r c u i t  timed out t o  90.0 sec .  A t  t h i s  time, i t s  switch c losed  and applied 
power from t h e  redundant b a t t e r y  pack t o  the  secondary shaped charge detona- 
t o r  l oca t ed  a t  the  -Y a x i s .  The c a n i s t e r  e j ec t ion  s i g n a l  and t imer i n i t i a -  
t i o n  device was an environmental proof switch. 
redundant b a t t e r y  power suppl ies  t o  t h e  bridge wires of t h e  shaped charge 
de tona to r s .  
t e d  by pyro technic  dimple motors. 
hy z d j l ~ s t z b l e  cams gcd l i m i t  ~ T . T C ~ C ~ ~ S  to dp tona t . e  t.he pyrotechnics i n  81.5 and 
90.0 sec ,  r e s p e c t i v e l y ,  Each had two dimple motors, e i t h e r  of which ac t iva t ed  
t h e  t iming cyc le .  Each had two SPDT switches; one t o  connect the  b a t t e r y  pack 
d i r e c t l y  t o  t h e  shaped charge de tona tors  f o r  opening of the  c a n i s t e r ,  and t h e  
o the r  was used t o  monitor t h e  s t a t u s  of the  t imer through a con t inu i ty  check 
p r i o r  t o  i n s t a l l a t i o n  on t h e  Agena-D launch vehic le  and through telemetry 
a f t e r  i n s t a l l a t i o n  on t h e  Agena. The shaped charge de tona tors  a r e  s ing le  
b r idge  wire  devices wi th  a br idge  wire r e s i s t ance  of 1.0 f 0.1 ohm. The 
de tona to r s  and t h e i r  a s soc ia t ed  spacecraf t  wiring were designed with the  

Timers connected the  

These t imers were spring-driven escapement-type devices ac t iva -  
They had a 90-sec t o t a l  time motor p r e s e t  



same primary considerat ion being given a s  described f o r  t h e  power c a r t r i d g e  
of t he  c a n i s t e r  e j e c t i o n  system. 

.The dimple motors were s ing le  br idge wire  devices with a br idge r e s i s t a n c e  
of 0.25 t o  0.45 ohm and were designed f o r  a no-f i re  cu r ren t  l e v e l  of 0.5 amp 
f o r  one 30 sec pulse. 

The power f o r  t h e  c a n i s t e r  opcning system was supplied by redundant 
ba t te ry  packs, each containing seven s i lve r - z inc  c e l l s  connected i n  s e r i e s .  
The c e l l s  were mounted i n  a sealed container  and provided adequate power t o  
ac t iva t e  the system. For s a f e t y ,  an "arming" and a "safing" plug were 
incorporated i n t o  t h e  c a n i s t e r  opening system. They were loca ted  on t h e  
conical port ion of t he  lower c a n i s t e r  i n  a pos i t ion  access ib le  through a 
hand hole i n  the Agena-D shroud a f t e r  it was i n s t a l l e d .  
plug i s  removed, t he  b a t t e r y  packs a r e  completely disconnected from t h e  
other  opening system c i r c u i t r y .  
shunt was placed across t h e  shaped charge detonator br idge wires.  
can i s t e r  opening system was armed by removing the  "safing" plug and 
i n s t a l l i n g  the  "arming" plug. 
t he  hand hole i n  t h e  Agena shroud and be he ld  ex terna l ly  were provided on 
both plugs. 
i n  event one should be dropped ins ide  t h e  shroud during the  arming procedure. 
The arming plug lanyard was cu t  and pul led out through the  hand hole  i n  the 
shroud a f t e r  arming. 

When t h e  "arming" 

When the  "safing" plug was in s t a l l , ed ,  a 
The 

Lanyards of s u f f i c i e n t  length t o  reach through 

This permitted them t o  be r e t r i e v e d  without removing the shroud 

Ten t e s t  jacks were provided i n  the  s i d e  of conical  por t ion  of t he  lower 
can i s t e r  f o r  checking the  e l e c t r i c a l  s t a t u s  of t he  c a n i s t e r  opening system 
p r i o r  t o  shroud i n s t a l l a t i o n .  
checking the condition of t h e  b a t t e r y  pack and f o r  charging the  b a t t e r i e s ,  i f  
nece s sary . 

Four of t h e  t e s t  jacks were provided f o r  

DESIGN PARAMETERS 

The following parameters ( c o n s t r a i n t s )  were es tab l i shed  f o r  t h e  design 
of the PAGEOS c a n i s t e r  assemblies and t h e  r e l a t e d  aerospace ground equipment. 

Canister halves t o  be made from magnesium forgings.  

Canister t o  be a 26-1/2 inch i n s i d e  diameter sphere. 

Halves t o  be mated a t  equator wi th  s l iding-valve type j o i n t  wi th  
face s e a l s  f o r  vacuum r e t e n t i o n .  

Halves t o  be laced toge ther  thrbugh e q u a t o r i a l  f langes.  

Flexible  l i n e a r  shaped charge (FLSC) t o  be l e a d  encased crescent  
shaped PETN. 

FLSC t o  be accurately centered between f l anges .  
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Flange design t o  p roh ib i t  impingement on the  s a t e l l i t e  of 
deb r i s  from explosion during opening, 

No cracks,  breaks o r  se r ious  damage permit ted on f langes  
during opening. 

No  sharp edges or  pro t rus ions  on canis te r .  

Anti-chaffing l i n e r  required.  

Temperature maintained between +32"F and +140" F a t  a l l  t imes 
a f t e r  sphere i n s t a l l e d .  

Thermal con t ro l  on c a n i s t e r  must prevent s e i zu re  of the  
s l i d i n g  valve a t  time of opening. 

Monitor temperature and pressure  a t  a l l  times a f t e r  c losing.  

Provis ion f o r  evacuation a f t e r  can i s t e r  c losing.  

Capable of maintaining 1 t o r r  or l e s s  with l e a k  r a t e  no g rea t e r  
than 0.1 t o r r  p e r  24 hours. 

Canis te r  opening system mounted on lower c a n i s t e r  h a l f .  

Two halves  approximately equal  weight. 

20 foot /sec minimum separa t ion  ve loc i ty  f o r  heavy ha l f  
i n  vacuum of 10-2 t o r r .  

Canis ter  opening 60 sec minimum, 90 sec maximum a f t e r  e j ec t ion .  

Canis ter  e j e c t i o n  ve loc i ty  of 6 fee t / sec  minimum. 

E jec t ion  system and instrumentation s h a l l  be contained within 
t h e  adapter .  

Adapter t o  be  frustum of a 45 degree cone. 

A quick-release type clamp s h a l l  a t t a c h  c a n i s t e r  t o  adapter .  

Adapter t o  accommodate wir ing and plugs t o  shroud. 

Spacecraf t  weight of 265 pounds maximum. 

Echo I pyrotechnics ,  except range s a f e t y  takes  precedent.  

Pressure  t ransducer  range 0 t o  10 t o r r  2 percent  accuracy 
commutated, temperature -10" F t o  200" F,  2 percent  accuracy 
commutated, separa t ion  ( b l i p )  continuous, monitor t imer  
p o s i t i o n  dur ing  countdown and fl ight.  
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(28) All ordnance. items must have shorting plugs. 

(29) All category A ordnance items must be capable of being 
interrupted between device and power source. 

Canister assembly must be able to survive qualification tests 
without damage. 

(30) 

(31) Make provisions for use with AGE. 

(32) 

(33) Factors of safety: 

Must withstand qualification, flight and handling loads. 

(1) Spacecraft 
(a) FS (yield) - 1.00 
(b) FS (ultimate) - 1.50 

( 2 )  AGE 
(a) FS (yield) - 1.5 
(b) FS (ultimate) - 2.0 

ANALYSIS 

Scope 

The analysis was performed, based on the government furnished flight 
environmental and trajectory data. The analysis was divided into two major 
parts; (1) thermal, and (2) structural. A weights study, including a 
mass properties study, was a l s o  conducted in support of the PAGEOS project. 

Thermal Analysis 

This analysis covers a flight duration of approximately 72 minutes, 
The Agene aero- the period from shroud ejection to canister separation. 

dynamic shroud is used to protect the canister assembly and control its 
temperature, so that when the shroud is ejected, the assembly is at 
approximately 70°F. The exposed canister assembly, starting at 70°F, must 
then go through a short coast and firing period of five minutes and then a 
180" transfer orbit, after which it is injected into the satellite orbit. 

The canister assembly was analyzed in the following sequence. First, 
the geometry was defined; then, the heat inputs were determined for all 
the modes of the canister assembly. The thermal resistors were calculated 
and finally the temperatures were calculated. 

In calculating the temperatures, no heat transfer was included for 
the inside of the canister or the adapter. 
fromthis analysis will result in higher maximum temperatures and lower 
minimum temperatures than would have been obtained if the internal heat 
transfer was included. 

As a result, the temperatures 
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Figure 8. - Fl igh t  period covered by analysis .  

The following assumptions were made: 

(1) 

( 2 )  

(3 )  

(4) 

( 5 )  

Solar  constant i s  443 Rtu/Hr-Sq F t .  

The Ear th ' s  albedo i s  0.4 and constant.  

The c a n i s t e r  has no i n t e r n a l  heat t r ans fe r .  

The adapter  had no i n t e r n a l  neat t r ans fe r .  

There i s  no heat ing from the  Agena diaphragm. 

(6)  he r p n c e c r p r t  i c  2% 7 0 " ~  7;;hpfi rhraiJfi S p n s v s t p c  r-- ---- - 
( 7 )  

(8)  

(9)  

(10) There i s  no temperature gradient  through the  sk in  thickness  

The r a d i a t i n g  ea r th  i s  isothermal. 

The e a r t h  i s  sphe r i ca l  and has a radius  of 3 4 9  n. m i .  

The e a r t h  i s  a d i f fuse  r e f l ec to r .  

of t h e  spacecraft. 
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Figure 9. - Canister assembly geometryand nodes. 
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Analyt ical  model. - The c a n i s t e r  assembly u n i t  was divided up i n t o  
a number of isothermal nodes as  shown i n  Figure 9. These were grouped 
i n t o  th ree  sets of nodes; t h e  top  ha l r  of the c a n i s t e r ,  t he  bottom h a l f  
of t he  c a n i s t e r  and t h e  adapter.  A l l  of the nodes i n  one s e t  or s ec t ion  
a r e  considered a p a r t  of a s o l i d  homogeneous mater ia l .  Each sec t ion  i s  
connected t o  t h e  next s ec t ion  by a contact  surface area having some 
thermal conductance. The thermal r e s i s t o r s  a t  these j o i n t s ,  RJ1, RJ2 and 
R J 3  i n  Figure 9, a r e  included i n  the model b u t  were set  a t  very high 
values so t h a t  t he  thermal res i s tance  across the  j o i n t s  would be a t  t h e  
max i mum. 

For any node "i" during a time increment AT t h e  heat balance would 
be as  shown i n  Figure 10. 

The heat  f l ux  a t  t h e  surface area,  i i , j ,  i s  f o r  t h e  ex te rna l  surface 
only s ince  it was assumed t h a t  t h e  node has an ad iaba t i c  i n t e r n a l  surface.  
This net  hea t  f l u x  a t  t h e  surface c o n s i r t s  of two terms; t h e  incident  heat 
f l u x ,  qin and the  heat  f l u x  rad ia ted  away, &ad. 

\ A 

Figure 10. - Single node heat  balance. 

where 

6in = 6, + 6s + 6 R  + 6~ 
= aerodynamic + s o l a r  + r e f l ec t ed  + emitted,  

and 

b a d  = 6 f T 4 .  
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Heat inputs .  - The spacecraf t  i s  protected from e x t e r n a l  heating f o r  

When t h e  
t h e  f i r s t  few minutes by t h e  Agena nose shroud. 
e n t i r e  spacecraft 
spacecraf t  i s  exposed, it receives  aerodynamic heat ing,  ta, d i r e c t  s o l a r  
heating, is, r e f l e c t e d  s o l a r  heat ing,  tB, and e a r t h  rad ia ted  heat ing,  4 ~ ,  
as shown i n  Figure 11. 

It was assumed t h a t  t h e  
was a t  70°F when t h e  nose shroud was ejected.  

\ 
\ 
\ / 
\ / 

Figure 11. - Heat inputs .  

Aerodynamic heating: The aerodynamic heat ing i s  s i g n i f i c a n t  f o r  approxi- 
mately t e n  minutes af ter  shroud e j e c t i o n .  
aerodynamic heat f l u x  f o r  free molecular hea t ing  was: 

The equation used t o  determine t h e  

4 = 112 w/g I.? 

= 112 p/g u3 

= 112 ( P/g  U A )  
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If t h e  above equation i s  normalized t o  sea  l e v e l  dens i ty  and s a t e l l i t e  

hs = 2.65 x 107 ( p/ Po) (u, /26000)3 

veloc i ty ,  t h e  following equations are resolved. 

0 

= 0.44 x 107 ( p/ Po) (U- /26000)2 (6/26000) 
4fP 00 

6 = Molecular ve loc i ty  

= Stagnation poin t  heat  f l u x  

ifp = 

Radiative heating: The spacecraf t  receives r a d i a t i v e  heating from t h e  
time of shroud separa t ion  u n t i l  t he  payload i s  in j ec t ed  i n t o  o rb i t .  
cons i s t s  of 

as a funct ion of t he  spacec ra f t ' so r i en ta t ion  r e l a t i v e  t o  the planet  vec tor  
and t h e  spacecraf t ' s  a l t i t u d e ,  and (3 )  ear th  r e f l e c t e d  s o l a r  r ad ia t ion  
which w i l l  be a funct ion of s p a c e c r a f t h a l t i t u d e  and i t s  o r i en ta t ion  r e l a t i v e  
t o  both t h e  s o l a r  vector  and t h e  planet  vector. A l l  of these  a r e  shown i n  
Figure 12 f o r  a node i, j ,  having a normal vec tor  a t  i t s  surface of ci,j .  

F l a t  p l a t e  heat  f l u x  

This 
(1) d i r e c t  s o l a r  r ad ia t ion  which w i l l  be a funct ion of t h e  

spacecrafvs  o r i en ta t ion  r e l a t i v e  t o  t h e  s o l a r  vec tor ,  ( 2 )  ear th  r ad ia t ion  

Figure 12. - Solar ,  planet-node vector  de f in i t i on .  
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After shroud e j ec t ion ,  t h e  X ax is  i s  p a r a l l e l  t o  the  ea r th ' s  horizon so 
t h a t  the planet  vector  P i s  along the  Z ax is .  
shown i n  Figure 8, w a s  programmed i n t o  t h e  shape f a c t o r  rout ine  of an e x i s t i n g  
program previously developed a t  GAC, see  Reference 1. 
program.calcu1ates t h e  a l t i t u d e  and the  d i r ec t ion  cosines ,  
t h e  so la r  vector  E. 
p d  def ines  the  normal vec tor  i f o r  each node i n  terms of t he  d i r ec t ion  cosines ,  
xN, yN and zN. 
such as i i , j  and S, by tak ing  the  s c a l a r  product 

The c a n i s t e r  assembly geometry, a s  

The f i rs t  p a r t  of t h i s  
, f and is, of 

The program then proceeds i n t o  the  shapg fag tor  rout ine  
- 

TQe program then ca l cu la t e s  t he  angle between any two vectors  

- - /qYj = cos - l  (G xs + fN Y s  + iN zs)  , 
which i s  then used i n  the  view f a c t o r  rout ine  and the  heat  f l u x  rout ine t o  
obtain the heat f luxes  described i n  the  following sec t ions .  Optical  proper- 
t i e s  of t h e  surfaces  a r e  not included here  so t h a t  t he  output from t h i s  program 
i s  the  incident  heat f luxes.  

2 
(1) For d i r e c t  s o l a r  r ad ia t ion  a s o l a r  constant ,  Cs, of 443 Btu/Hr-Ft , 

was assumed incident  on the  spacecraf t ,  except when it was i n  the  
umbra. The spacecraf t  i s  i n  the  umbra when 

RP Sin e < RP + H 
and 

COS e > 0. 

For any node, the  d i r e c t  s o l a r  heat f l u x ,  4s, i s  a funct ion of the  
projected a rea  Ap. 

= Cs A COS p .  
i f  

Cos 6 5 0, 

6,  = 0. 

(2 )  The ear th  was assumed t o  be an isothermal  sphere r ad ia t ing  d i f fuse ly .  
The i n t e n s i t y  of t he  heat  f l u  a t  the surface of t he  ea r th  Eo, was 
obtained by taking the  amount of s u l a r  energy absorbed by the  projec-  
t e d  a rea  and d i s t r i b u t e d  over the  e n t i r e  sphe r i ca l  area.  

1 - a  
= 4 cs. 

A t  any a l t i t u d e  H,  t h e  heat  f l u ,  E ,  inc ident  on a f l a t  p l a t e  
p a r a l l e l  t o  and fac ing  t h e  e a r t h  surface i s  propor t iona l  t o  
the  inverse square l a w .  

20 



2 

- E = Eo (,,"'+H ) 
For t h e  general  case,  where t h e  surface normal, N ,  can be poin t ing  
i n  any d i r e c t i o n ,  a d i f f e r e n t  method of  c a l c u l a t i n g  the  hea t  f l u  
i s  necessary. 

The poin t  source method was selected.  These view f a c t o r s  were 
developed i n  Reference 2. 

( 3 )  The e a r t h  was assumed t o  have an albedo of 0.4 and t o  be r e f l e c t i n g  
d i f fuse ly .  The incident  hea t  f lux on any node of t h e  spacecraf t  
used t h e  same view f a c t o r s  FP ' s ,  a s  were used f o r  c a r t h  r ad ia t ion .  
The heat  f l u x  i n t e n s i t y  i n  t h i s  case differs  from t h e  e a r t h  rad ia-  
t i o n  hea t  f l u x  because it i s  no t  constant .  A t  t h e  e a r t h ' s  surface,  
t h e  i n t e n s i t y  i s  a maximum on the e a r t h  sun-line and i s  assumed 
t o  decrease a s  t h e  cosine of  t h e  angle between t h e  earth-sun l i n e  
and t h e  e a r t h - s a t e l l i t e  l i n e .  T h i s  angle i s  @. A s  t h e  s a t e l l i t e  
a l t i t u d e  inc reases ,  t h e  i n t e n s i t y  a t  t he  maximum po in t ,  which i s  
the' ear th-sunl ine,  decreases.  However, f o r  t h e  angle of p equal 
t o  or  g rea t e r  than go", t h e  i n t e n s i t y  increases  with s a t e l l i t e  
a l t i t u d e  s ince  the  s a t e l l i t e  can begin t o  see p a r t  of t he  
r e f l e c t i n g  sphe r i ca l  area.  Equations f o r  t h i s  d i s t r i b u t i o n  and 
i n t e n s i t y  were developed i n  Reference 2.  An empirical  equation 
was included i n  GAC's hea t  f lux  program. T h i s  gives  a curve f i t  
f o r  t h e  f i r s t  1,000 miles. Since t h e  f l u x  i s  low a t  the 9 = 90" 
po in t ,  f o r  a l t i t u d e s  above 1,000 miles the  absolute  value of t he  
h e a t  flux i s  so small t h a t  t he  empirical  equation was considered 
a s a t i s f a c t o r y  f i t .  

Analysis. - The hea t  t r a n s f e r  equations were wr i t ten  t o  include the heat  
i npu t s  described i n  the  previous subsection, along w i t h  t h e  heat  capacity and 
uierlrlai i-eslstoi-s of the r,odes tc c ~ e h l e  c a l c l ~ l a t i o n  nf +-.he t.empPratures as  
a funct ion of t i m e .  The b a s i c  th ree  dimensional t r a n s i e n t  heat ing equation 
i s  

L ,  

Rewriting t h i s  i n  f i n i t e  difference f o r x  r e s u l t s  i n  

- 2Txyyyz1 x,y,z- l  + Tx,y,z+l T x ,y-l, z + Tx,y+l,z - 2Tx,y,z + T 
+ 

AY 0 2  

+ 4 - A 0 6 T 4 x  ,y,z 

p c P  

Since t h e  spacecraf t  s t r u c t u r e  i s  assumed t o  be thermally t h i n ,  the f i n i t e  
d i f f e r e n c e  equation used has two dimensions, i and j ,  r e s u l t i n g  i n  
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+ T .+l -2Ti . . - Ti . Ti .-l + T i + l ,  ;I d +  1J , J  9 

RLi+l Rc i 

4 + a - U < A T  
i , j .  

Spacecraft: To perform t h e  thermal ana lys i s ,  a s t a r t i n g  point  of defin- 
ing  a launch window i s  required.  This, along with t h e  ascent  t r a j e c t o r y  is 
used t o  generate a heat  flux tape.  The physical  dimensions and proper t ies  
of t h e  spacecraf t  a r e  used t o  generate a matrix inversion tape.  
a r e  then used over and over again with any number of d i f f e r e n t  thermal 
con t ro l  pa t t e rns .  

These t apes  

Fl ight  launch window: A number of launch windows were defined f o r  a 
period from 1 June 1966 t o  1 September 1966. 
i n i t i a l  o r b i t  r i g h t  ascensions.  For a s e l ec t ed  launch window, both the  
opening and closing times were used along with the  ascent t r a j e c t o r y  t o  
determine the hea t  f luxes and the thermal con t ro l  coatings required.  

These were given i n  terms of 

The coatings se l ec t ed  were evaluated f o r  the t r a j e c t o r y  extremes 
r e fe r r ed  t o  a s  t h ree  sigma high and th ree  sigma low. The o r i g i n a l  p a t t e r n ,  
which was designed f o r  a 21 June 1966 launch, would sat isf 'y  t he  temperature 
control  requirements u n t i l  1 5  July.  A launch occurring a f ' t e r  15 J u l y  r e -  
quired an add i t iona l  o r  modified pa t te rn  of t h e  o r i g i n a l  coating. A p a t t e r n  
was determined t o  maintain s a f e  temperatures f o r  a 15 J u l y  t o  4 August launch 
period and was designated as  the "second pa t te rn ."  Table I shows t h e  tape 
pat terns  f o r  the "or iginal"  and "second" coatings a s  percentage of aluminum 
tape on a white enamel surface.  

Prototype launch window: The prototype c a n i s t e r  assembly was t e s t e d  
i n  a space chamber t o  check the v a l i d i t y  o f  t he  a n a l y t i c a l  thermal model. 
The heat f l ux  tape was generated f o r  a 2 1  June, 87.5" inc l ina t ion  prograde 
o r b i t  having a r i g h t  ascension of 360" or 0", with no f r e e  molecular heating. 
This simplified heat ing simulation was chosen because th ree  things would 
have been d i f f i c u l t  t o  simulate: (1) a var iab le  e a r t h  r a d i a t i o n ,  ( 2 )  f r e e  
molecular heating arid ( 3 )  moving r a d i a n t  heat  inputs .  The f r e e  molecular 
heatJng would have been most d i f f i c u l t ;  t he  var iab le  e a r t h  rad ia t ion  (both 
i n t e n s i t y  and viewing angle)  would have been t h e  second most d i f f i c u l t ;  
and the moving heat  f l ux ,  ;uch a s  the s o l a r  vec to r ,  would have been t h e  
l e a s t  d i f f i c u l t ,  but even I t  would have required t h a t  t h e  c a n i s t e r  
assembly and the in f r a red  banks be mounted on a moveable platform. 

Results. - The r e s u l t s  presented here  a r e  f o r  both t h e  prototype and the  
spacecraf t  . 

Prototype : The thermocouple t h a t  reached the  maximum and minimum tempera - 
t u r e s  f o r  both t h e  c a n i s t e r  assembly and t h e  adapter  a r e  shown i n  Figure 13. 
Also shown a r e  the ca lcu la ted  time-temperatures of t h e  area represented by 
t h e  thermocouple. With t h e  exception of one area on t h e  adap te r ,  a l l  of t he  
t e s t  temperatures were lower than predic ted .  The area on the adapter t h a t  
read higher than t h e  ca lcu la ted  temperatures was probably due t o  t h e  r e s u l t  of 
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adjus t ing  ( t i l t i n g  one raw of lights toward t h e  adapter )  t he  in f r a red  hea t ing  
t o  compensate f o r  t h e  l a r g e  adapter  s i ze .  
assembly reading cool  was probably the  r e s u l t  of t h e  hea t  flux decreasing 
with the d is tance  from the  reference plane which was set a t  t h e  c lose  edge of 
t he  canis te r .  
t he  few hours of cool  down of t he  space chamber wal l s ,  bu t  t h e  10 o r  15°F 
var ia t ion  should have been g r e a t l y  reduced during the  72 minutes hea t ing  
cycle  since most temperatures begin t o  come i n  asymptotically t o  an e q u i l i -  
brium condition. 
wel l  enough t o  v e r i f y  the  v a l i d i t y  of the  a n a l y t i c a l  thermal model. 
prototype pa t t e rn  i s  shown i n  Table I. 

The major po r t ion  of the  c a n i s t e r  

It was not  poss ib le  t o  maintain the  assembly a t  70°F during 

The general  thermal response and d i s t r i b u t i o n  compare 
The 

Fl ight  temperature-time h i s t o r i e s :  The ana lys i s  conducted was obtained 
f o r  the following launch conditions and thermal pa t t e rns :  

Original  f l i g h t  p a t t e r n  ( 2 1  June through 14 Ju lx )  

Nominal t ra j  e c t  ory 
(1) 21 June window opening 351.5 

Right ascension (Degrees) 

( 2 )  21 June window c los ing  
( 3 )  14 J u l y  window opening 
( 4 )  14 Ju ly  window c los ing  

Sigma high t r a j e c t o r y  
1) 21 June window opening 

( 2 )  2 1  June window c los ing  
(3 )  14 J u l y  window opening 
( 4 )  14 J u l y  window c los ing  

Sigma low t r a j e c t o r y  
1) 2 1  June window opening 

( 2 )  21  June window c los ing  
(3 )  14 J u l y  window opening 
(4 )  14 Ju ly  window c los ing  

346.5 
351 -0 

6.0 

351 5 
346 9 5 

6.0 
371.0 

351 5 

351.0 
346 5 

6.0 

Second f l i g h t  p a t t e r n  (15 J u l y  through 4 August) 

Nominal t r a j e c t o r y  
71) 15 Ju ly  window opening 
( 2 )  15 Ju ly  window c los ing  
( 3 )  4 August window opening 
( 4 )  4 August window c los ing  

Sigma high t r a j e c t o r y  
1) 15 J u l y  window c los ing  

( 2 j  4 August window c l o s i i g  

3 Sigma low t r a j e c t o r x  
(1) 15 J u l y  window opening 
( 2 )  4 August window opening 

56.0 
71 .o 
78.5 
93.5 

71 .O 
93.5 

56.0 
78.5 



TABLE I 

TAPE PATTERNS 

Node I Percentage 

70 
70 

100 

100 
80 

1 100 
~ 100 

1 A n  LUU 

~ 

1-10 
11-20 

31-40 
41-50 
51-60 
61-70 
71-73 

21-30 

1-10 
11-20 

31-40 
41-50 
51-60 
61-70 
71-73 

21-30 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-73 

(Prototype p a t t e r n s )  

loo 90 95 loo 
85 loo loo 100 

100 100 100 100 
loo 100 75 60 
75 70 80 100 
90 100 loo 100 

100 100 100 100 
loo 100 90 -- 

( Original  p a t t e r n s )  

70 
70 

100 
100 
75 
65 

100 
100 

70 
100 
100 
100 

50 
75 

100 
100 

(Sicond p a t t e r n s )  

70 
100 
100 
90 
50 

100 
100 
100 

100 
100 
75 
75 

100 
100 
90 -- 

100 100 
100 85 
60 75 

100 100 
100 100 
100 90 
80 90 -- -- 

70 70 80 
100 100 100 
100 75 50 
55 55 80 
90 100 100 

100 100 100 
100 90 75 -- -- -- 

100 
60 

100 
100 
100 
80 

100 -- 

95 95 
75 100 

100 100 
100 100 
80 80 

100 100 
90 loo 
-- -- 

85 85 75 
75 50 40 
70 80 100 
100 100 100 
100 100 85 
75 75 75 
75 75 100 -- -- -- 

70 70 70 70 80 85 85 

loo loo loo 75 90 90 loo 
A U W  1 A n  nA 7" 35 In(! InC! 1nCl 100 
100 100 100 100 100 loo 100 
80 100 100 100 95 80 80 

100 100 90 80 75 80 80 

100 100 100 100 100 75 70 

-- -- -- -- 90 80 -- 

50 
100 
100 
100 
70 
75 

100 -- 

75 70 
60 loo 

100 100 
100 loo 
100 85 
80 80 

100 100 -- -- 

I 
I as a func t ion  of time f o r  the  th ree  sigma high, nominal and th ree  sigma l o w  

Figures 14 and 15  show t y p i c a l  p lo ts  of the  h o t t e s t  and co ldes t  nodes 

t r a j e c t o r i e s  f o r  a 2 1  June launch, f o r  a window opening and c los ing  condition. 
The above temperatures a r e  f o r  t he  can i s t e r  only. 
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Conclusions. - It was concluded, from the  thermal ana lys i s  t h a t  t he  
can i s t e r  assembly would remain between the  des i red  temperature l i m i t s  of 
(32'F t o  140'F) 
The temperature of t he  adapter assembly, however, was pred ic ted  t o  extend 
above and below these  l i m i t s  by.approximately 15" during t h i s  period. 
temperature extremes occur a t  t he  a f t  end of t he  assembly and play no p a r t  
i n  the success of t h e  mission a s  no temperature sens i t i ve  components a r e  
located i n  t h i s  a rea .  

f o r  the  f l i g h t  dura t ion  of shroud-off t o  s a t e l l i t e  e j e c t i o n .  

These 

S t r u c t u r a l  Analysis 

Description. - The c a n i s t e r ,  a s  shown i n  Figure 3, cons i s t s  of an upper 
The and lower can i s t e r  ha l f  constructed of ZK60A-T5 magnesium d i e  forgings.  

can i s t e r  i s  spher ica l  i n  shape with an in s ide  rad ius  of 13.25 inches. The 
equa to r i a l  r i ngs  a re  an i n t e g r a l  p a r t  of t he  two halves with a gradual t r a n s i -  
t i o n  t o  the  bas i c  s h e l l s .  
and transducers,  and ho i s t ing  lugs.  
t imers,  e t c . ,  a r e  loca ted  a t  t he  bottom of the  lower c a n i s t e r  h a l f .  

The r ings  a r e  machined t o  accept ho les  f o r  valves 
Various components such a s  b a t t e r i e s ,  

The adapter i s  a frustum of a cone u t i l i z i n g  r ive t ed  aluminum a l l o y  
shee t -s t r inger  cons t ruc t ion ,  25.3 inches high taper ing  from a diameter of 
60 inches a t  the  base t o  11.8 inches diameter a t  the  top. 
ing cons is t s  of t he  upper p l a t e  and lower and intermediate r ings .  Longi- 
t ud ina l  s t i f f e n i n g  cons i s t s  of e igh t  primary and e igh t  intermediate angles.  
Attachment t o  the  Agena vehicle i s  made through e igh t  attachment b o l t s  and 
t o  the  c a n i s t e r  by a quick-release clamp. Two of the  primary s t i f f e n e r s  
support t he  instrument box. 

Transverse s t i f f e n -  

The p r inc ipa l  s t r u c t u r a l  components of the  e j e c t i o n  system f o r  separa t ing  
the  can i s t e r  from t h e  adapter a r e  a s ing le  e j e c t i o n  spr ing  and a quick- 
re lease  clamp. 

Design cons t r a in t s .  - Many of t h e  c o n s t r a i n t s  t h a t  a f fec ted  the  s t r u c t u r a l  
design of the c a n i s t e r  assembly, which can not  be conveniently presented i n  
the  normal presenta t ion  of t he  ana lys i s ,  a r e  discussed below i n  the  follow- 
ing  paragraphs. 

Lower can i s t e r  th ickness :  The minimum thinkness (0.060 inch)  i s  the  
same as t h a t  used on the  Echo I c a n i s t e r .  This s e l e c t i o n  was made on t h e  
assumption t h a t  the  buckling s t rength  of t h e  Echo I c a n i s t e r  was s a t i s -  
factory.  

Upper c a n i s t e r  thickness:  The s h e l l  th ickness  i s  d i c t a t e d  by t h e  
d e s i r e  t o  keep the  upper and lower c a n i s t e r  ha l f  approximately equal i n  
weight. It i s  th i cke r  than requi red  for s t r u c t u r a l  reasons. 

Equatorial r i ngs :  The geometry of t h e  e q u a t o r i a l  r i ngs  on the  c a n i s t e r  
halves was se lec ted  on the b a s i s  of engineering judgment considering Echo I 
and Echo I1 r i n g  designs i n  conjunction with t h e  PAGEOS requirements. 
subs tan t ia t ion  of the  chosen design was by t e s t .  

The 

Natural frequency of the  spacec ra f t :  A cons iderable  por t ion  of t he  design 
was d i c t a t ed  by the  d e s i r e  t o  have t h e  lowest n a t u r a l  frequency considerably 
higher than t h e  POGO frequency (17-22 c p s )  r a t h e r  than s t rength .  
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Damping: I n  order t o  provide a s  much damping a s  poss ib le ,  a r i v i t e d  
construct ion was used f o r  t he  adapter .  

Aerospace ground equipment: The can i s t e r  assembly and AGE design were 
an in t eg ra t ed  e f f o r t  t o  provide a l l  of t he  pre-launch handling c a p a b i l i t i e s  
required with a minimum weight and r e l i a b i l i t y  penal ty  t o  t h e  c a n i s t e r  
assembly i t s e l f .  

Design c r i t e r i a .  - The design l i m i t  load condi t ions were se l ec t ed  from 
considerat ion of design c r i t e r i a  and the  qua l i f i ca t ion  t e s t  program. 
addi t ion ,  load  conibinations t h a t  might r e s u l t  i n  c r i t i c a l  i n - f l i g h t  load- 
ing  a r e  included based on spacecraf t  ex te rna l  pressure and acce lera t ion  
versus f l i g h t  time da ta  presented i n  Figure 16. 

I n  

Dynamic ampl i f ica t ion  f a c t o r s  f o r  t he  various load condi t ions a r e  
chosen on a b e s t  es t imate  bas i s .  

A l l  dynamic load  ca l cu la t ions  assume t h a t  the bal loon i s  i n f i n i t e l y  
r i g i d  and responds 1 t o  i t o  a l l  c a n i s t e r  motions. 

Dynamic amplif icat ion f ac to r s .  - The th ree  f a c t o r s  considered a re :  

Amplification f a c t o r s  f o r  s inusoida l  exc i ta t ions :  C/Cc of a damped 
single-degree-of-freedom system t h a t  ranges from 0.01 t o  0.04 (Reference 3, 
page 87) w i l l  have dynamic ampl i f ica t ion  f a c t o r s  ranging from 50 t o  12.5 
r e spec t ive ly  when subjected t o  s inusoida l  exc i ta t ions .  This range of 
C/Cc i s  t y p i c a l  f o r  a r i v e t e d  type of a i r cTaf t  s t r u c t u r e ,  such a s  the  
PAGEOS adapter .  However, PAGEOS obtained addi t iona l  f r i c t i o n  damping 
from the  c a n i s t e r  separat ion clamp. The maximum amplil i c a t i o n  f a c t o r  
from t e s t i n g  an o ld  Echo I c a n i s t e r  was 5.7. Based on the above informa- 

of t he  PAGEOS dynamic response t o  s inusoidal  exc i t a t ion  along any ax is .  
+:h-  d.."...,f,. - n , - I * + : m o  
"LVll  , u u y * i a I r i i L  auyL11 ab uti^^ fsct~r &' 1Q WPC C~?CSPII I S  r o n r o ~ o n t a t i ~ e  -r- -----_- -- 

Amplification f a c t o r  f o r  longi tudina l  shock load:  A 15 g, 6 t o  10 
mil l isecond,  half  sine wave shock load along t h e  longi tudina l  ax i s  of 
the  spacec ra f t  was required.  Reference 4, page 163, gives t h e  dynamic 
response of a s ing le  degree of freedom system t o  a ha l f  s ine  wave 
pulse  i n  terms of the  system's per iod,  T, and the  pulse  width, I 
The f i r s t  mode long i tud ina l  na tu ra l  frequency of t he  PAGEOS i s  
ca l cu la t ed  t o  be 153 cps. The dynamic amplif icat ion f a c t o r  f o r  

7 0.006 
'1/153 = o*92 

-= T 

is  equal  t o  1.8. 

Accelerat ions due t o  random vibrat ions:  Random v ib ra t ion  of t he  
PAGEOS spacecraf t  r e s u l t e d  i n  the  following c a n i s t e r  acce lera t ions :  
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i (1) Transverse and normal accelerattan: 

The PAGEOS transverse and normal first pitching mode natural 
frequency is calculated to be 38.7 cps. 
spectral density curve in this frequency range is white noise 
wikh Go = 0.005 8/cps and that the sinusoidal amplification 
factor, 8, is 10; the rms acceleration is given as 

Assuming the power 

A x  0.005 x 38.7 x 10 = 1.74 rms g Ar =q% Go fo 0 = 7 /  2 

The peak acceleration is 

Ar = 1.74 x 1.41 2.5 g 

(2 1 Longitudinal acceleration: 

The Imgitudinal first mode natural frequency is calculated to be 
153 cps. With the same assumptions regarding white noise and 
sinusoidal amplification factors, the rms longitudinal acceleration 
due to random vibration is given as 

I I 

fi 
=: VvL G f 8 = -x 0.005 x 153 x 10 = 3.43 rms g Ar 2 0 0  2 

The peak acceleration is 

Ar = 3.43 x 1.41 z z  5g 

L w d  cmitioos. - The following design limit load conditions were 
established for the design of the PAGEOS canister assenibly. 

It iS convenient to denote the evacuated canister assembly as a basic 
%a6ic': is the condition or 14.7 psi external pressure 6iffer- conditian. 

entia1 plus the ejection spring load of 5OOlbs. 

Copdition A. 

Condition B .  

Basic + 11 g's axial. 

Basic + 2.5 g's transverse. 

Condition C. Basic + 15 x 1.8 = Basic + 27 g 's  axial. 

I). Eac ic  + 3 =. Bss ic  + 30 g ' .  ._ui._l; 

Condition E. 

Condition F, 

Basic + 1 x 10 = Basic + 10 g's transverse. 

The canister ejection velocity - six feet per second, 
minimum. 

Condition G. The canister opening system shall impart a minimum 
velocity of 20 feet per second to each half of the canister, 
relative to the opening plane, when operating in a 
vacuum of 10'2 torr or lower pressure. The equatorial 
flange and canister half shall not crack, break, or be 
seriously damaged by the canister opening. 
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Condition H. Basic + 2.5 g ' s  t ransverse  t 8 g's ax ia l .  
This combined condi t ion i s  a low a l t i t u d e  f l i g h t  
condition. It considers t h e  nominal f l i g h t  t r a j e c t o r y  
shown i n  Figure 16 i n  which a steady s t a t e  a x i a l  
acce le ra t ion  of 3 g ' s  combines with t h e  ex te rna l  
pressure and spr ing  load plus an estimated 2.5 g ' s  
t ransverse  plus  5 g ' s  a x i a l  based on random v ib ra t ion  
q u a l i f i c a t i o n  t e s t  l e v e l s ,  

Condition J. Eject ion spr ing  load -b 10 g 's  t ransverse  + 15 g ' s  
ax ia l .  This combined condi t ion i s  a high a l t i t u d e  
f l i g h t  condi t ion.  It considers  t h e  noqinal  f l i g h t  
t r a j e c t o r y  shown on Figure 16 i n  which a high a x i a l  
acce le ra t ion  i s  a t t a i n e d  when t h e  pressure d i f f e r -  
e n t i a l  i s  e s s e n t i a l l y  zero. 
t ransverse  and a x i a l  loads cover t h e  base where l a rge  
a x i a l  acce le ra t ions  may be  combined with t h e  maximum 
t ransverse  v i b r a t i o n a l  acce lera t ion .  

The combination of 

Condition K. Hoisting. 
i n  a v e r t i c a l  pos i t ion .  

A load f a c t o r  of 5 s h a l l  be used f o r  ho i s t ing  

ConditJon L. Working. A load f a c t o r  of 2 s h a l l  be used f o r  working 
on the  c a n i s t e r  i n  t h e  ho r i zon ta l  pos i t ion .  

Allowables. The sources f o r  allowable s t r e s s e s  and loads a re :  

(1) Strength of a i r c r a f t  elements. 

( 2 )  Contractor 's  s t r u c t u r a l  manual. 

( 3 )  Standard references.  

( 4 )  Tests.  

Factors of safety.  - The f a c t o r s  of s a f e t y  f o r  t h e  c a n i s t e r  assembly 
a r e  1.00 f o r  y i e l d  and 1.5 f o r  u l t ima te ,  

The m i n i m u m  margin of s a f e t y  determined by t h i s  s t r u c t u r a l  ana lys i s  
a r e  shown i n  Table 11. 

- Vibration t e s t  r e s u l t s .  During t h e  design phase of PAGEOS t h e  
na tu ra l  f reauencies  were ca l cu la t ed  as a coupled mode system. The c a l c u l a t i o n  
procedure u t i l i z e d  matrix methods and i n f l u e i c e  coe f f i c i en t s .  
analyses were conducted. One ana lys i s  assumed t h a t  t h e  packaged sphere 
(which weighs 149.25 pounds) w a s  i n f i n i t e l y  r i g i d  @nd moved with t h e  
can i s t e r  (which weighs 39.28 pounds) as if t h e  two cmponent p a r t s  were 
one s o l i d  mass weighing 188.53 pounds, The ca l cu la t ed  n a t u r a l  f requen- 
c i e s  f o r  t h e  3 normal modes u t i l i z i n g  t h i s  assumption a r e  as follows: 
fl = 37.9 cps (p i t ch ing  about a poin t  a t  t h e  bottom of t h e  Can i s t e r ) ,  
f2  = 153 cps (plunging along X a x i s ) ,  and f 3  E 183 CRS ( p i t c h i n g  about 
a point  a t  top  of c a n i s t e r ) .  

Two Separate 
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TABLE I1 

MINIMUM MARGINS OF SAFETY 

Item 

Canis te r  
Top S h e l l  
Bottom S h e l l  
Lacing 

Adapter 
S t r inge r  
Skin 
Bottom Ring 
Top Ring 
Rivet 
Attachment Bolt 

Clamp 
Explosive Bolt  
Band 
Block 

Ejec t ion  Spring 

C r i t i c a l  
Condition 

D 
Basic ,B ,E 
Rebound 

J 
J 
J 

J 
J Clamp 

b e  load 

Preload 
Preload 
Preload 

I n s t a l l a t i o n  

C r i t i c a l  
S t r e s s  

Buckling 
C ompre s s ion  
Tens ion  

Buckling 
Shear 
Tension 
C ompre s s ion  
Shear 
Tension 

Tension 
Tension 
Bending 

Shear 

M.S. 

High 
0.28 
0.81 

0.43 
0.36 
5.17 
1.38 
0.11 
0.94 

0.00 
0.05 
1.80 

0.02 

The 3 values f o r  na tu ra l  frequency were a l s o  calculated assuming t h a t  
only the  c a n i s t e r  weight determined the na tura l  frequency, s ince it was 
assumed t n a t  the sphere is so Ylexible and heavy t h a t  i n e r t i a  e f f e c t s  would 
prevent the  sphere from following the can i s t e r .  In  other  words, the weight 
of the  packaged i n f l a t a b l e  sphere would be v ibra t ion  i so l a t ed  from the  
c a n i s t e r  wal l s .  
assumption a r e  a s  follows: 

The values of the 3 normal modes ca lcu la ted  using t h i s  
fl = 85 cps,  f = 342 cps,  and f = 410 cps. 

2 3 
The values  determined by t e s t  showed t h a t  the  f i r s t  assumptibn was 

c o r r e c t  s ince  the  measured na tu ra l  frequency was 37 cps compared t o  the  
37.9 cps ca lcu la ted .  The damping due t o  the packaged envelope and the  
quick re1  ease rlarnps e t  the csnis ter /ac?s$er  separstiaz Saint w ~ s  s c ~  g r e e t  

(C/Cc = 30%) r e s u l t i n g  i n  an amplif icat ion f a c t o r  equal t o  1.7 t h a t  it 
was extremely d i f f i c u l t  t o  f i n d  t h i s  lowest n a t u r a l  frequency from t h e  tape 
recorded output .  It could only be found from the s inusoida l  sweeps s ince  the  
acce le ra t ion  value of t he  response was too small t o  de t ec t  during the  random 
sweeps. The RMS acce lera t ion  i s  proport ional  t o  the  square root  of the  
ampl i f ica t ion  f a c t o r  o r  the  RMS accelerat ion i s  propor t iona l  t o  -6 

For t h e  two higher  frequency normal modes, the  tape recorded responses 
were very clear and cons is ten t .  The measured values of response showed 
f2 = 205 cps,  and f3 = 240 cps. The s igni f icance  of these values i s  t h a t  
only a p o r t i o n  of t h e  i n f l a t a b l e  packaged envelope (47%) moved with t h e  
c a n i s t e r .  
i so l a t ed .  

The o ther  53% remained s ta t ionary  i n  space a s  if v ibra t ion  



To determine the  percent  of envelope t h a t  p a r t i c i p a t e d  i n  determining 
t h e  measured n a t u r a l  frequency, t h e  following s impl i f ied  ana lys i s  was used: 

For each normal mode f i  = 3.13 wi Ki where K i s  the  spr ing constant  i n  pounds 
p e r  inch and "W" i s  the  weight of c a n i s t e r  (39.28 l b )  p lus  weight of packaged 
envelope t h a t  moves with t h e  c a n i s t e r .  The value f o r  "K" was ca lcu la ted  and 
v e r i f i e d  by s t a t i c  t e s t  so was qu i t e  r e l i a b l e .  From t h e  knowledge o f  K and 
t h e  measured n a t u r a l  frequency, it was possible  t o  c a l c u l a t e  W.  
of W the c a n i s t e r  weight of 39.28 pounds was subtracted r e s u l t i n g  i n  t h e  weight 
of the envelope which p a r t i c i p a t e d  i n  determing the  measured n a t u r a l  f r e -  
quencies. 
number previously s t a t e d .  
plunging mode f2 = 205 cps and the second p i tch ing  mode f 

From t h i s  value 

The weight divided by t h e  t o t a l  envelope weight determined t h e  47% 
The same percentage 47% was ca lcu la ted  both f o r  t he  

= 240 cps. 
3 

Weights 

A weight breakdown f o r  t h e  prototype, Canis ter  Assemblies No. 3, NO. 4 
and No. 5 a r e  shown i n  Table 111. The ca lcu la ted  and a c t u a l  (for Canister  
Assembly No. 4 )  cen te r  of g rav i ty  and moment of i n e r t i a  i s  shown i n  Table IV. 

TABLE I11 
CANISTER ASSEMBLY WEIGHTS 

Item 

Canister - Upper Half 
Thermal Tape 
Cover - Solenoid Valve 
Cover - Terminal Board 

Total Actual Weight - Upper Half 

Canister - Lower Half  
Thermal Tape 
Cover - Protective 
Cover - Protective 
Battery Pack 
Battery Pack Hardware 
Arming Plug 

Tota l  Actual Weight - Lower Half 

Opening System 

To ta l  Canister 

Adapt e r 
Thermal Tape 
Interface Bol t s  and Washers 
Cables - Clamp Band & Hardware 
Eye Bolts For Cables (6)  

Total Actual Weight - Adapter 
Total Canister Assembly (Ibs. ) 

proto- 
type 

17.78 

- 
20.99 

0.51 

39.28 

51.14 

90.42 

17.20 
+o. 59 
+O .07 
+O .03 
17 0 89 

18.90 
+o. 39 
+0.02 
+0.03 
+1.69 
a . 0 3  
+O.o6 

21.12 
- 

0.51 

39.52 

50.25 +o.w 
+O. 30 --- --- 
51.45 

90.97 

17-25 
+o. 59 
N.07 
+0.03 

17-94 

18.75 
+O* 39 
+0.02 
+0.03 
+1.69 
+0.03 
+o.o6 
20.97 
- 

0.51 

39.42 

50.18 
+O. 90 
+O, 30 
+o.22 

51.60 

91.02 

--- - 

17.65 
+o. 59 
+0.07 --- 
18.31 

19.40 
+0.39 
+0.02 
+0.03 
+1.69 
+O. 03 
+0.6 

21.62 
- 

0.51 

40.44 

50.40 
+o.Y 
+0.30 

+0.06 
51.66 

9.10 

--- 
- 

- 
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TABLE IV 

PAGEOS SPACECRAFT MASS PROPERTIES 

Mass Parameters 

Weight ( lbs  . ) 
C.G. Location X ( inch from in te r face)  

Y ( inch from center l ine)  
Z ( inch from center l ine)  

Moment of I n e r t i a  Ix ( s lug  f t . 2 )  
I y  ( s lug  f t . 2 )  
Iz  ( s lug  f t . 2 )  

Ixz (s lug  f t .2 )  
Iyz ( s lug  f t ? )  

Product of Ine r t i a  Ixy ( s lug  ft.*) 

S a t e l l i t e  (Lbs. ) 

a .  Adapter only 
b. Calculated 
c. Actual f o r  Spacecraft No. 4 

Launch Condition 

b 1 

255.4 

35.27 
-0.11 
-0.24 

7.43 
12.86 
12.89 

0.11 
0.30 
0.05 

---- 

C 
2 

240.27 

43 93 
-0.26 
-0.11 

7.23 
Q.57 
12.60 

0.10 
0.30 
0.05 

---- 

Orbit C 
b 

1 

51.14 

13-54 
-0.57 
-1.19 

3.86 
2.79 
2.87 

-0.03 
0.02 
0.04 

165.0 

Idi t i ona 

2 c  

51.60 

13.54 
-0- 57 
-1.19 

3.89 
2.82 
2-90 

0.03 
0. M 
0.04 

149.25 

TEST PROGRAM 

General 

The PAGEOS t e s t  program was divided into three major t e s t  phases, i . e . ,  
Development Tests ,  Qualification Tests and Flight Acceptance Tests. In  
general ,  the  objectives of each t e s t  phase were as follows: 

(1) Development Program - To verify the i n i t i a l  can is te r  design 
adequacy through t e s t s  of components, materials and subsystems. 

Qual i f ica t ion  Program - To ver i fy  the f i n a l  can is te r  assembly 
design, including inf la tab le  sphere, under extreme environmental 
and operational conditions. 

F l igh t  Acceptance Program - To verify the  qual i ty  of materials 
and workmanship employed i n  the construction of the  Canister 
assemblies. 

(2 )  

(3) 
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Development Te s t Program 

The spec i f i c  ob jec t ives  of t he  Development Test Program were as  
follows.: 

(1) To ve r i fy  the general  design and performance of t h e  c a n i s t e r  
opening and e j e c t i o n  system. 

(2)  To ensure t h a t  a l l  mater ia l s  and components u t i l i z e d  i n  t h e  
f ab r i ca t ion  of the  f l i g h t  uni t  were adequate f o r  t he  environment 
they would experience during the  mission. 

To determine the  s t r u c t u r a l  adequacy of the  c a n i s t e r  and t o  
v e r i f y  the adequacy of the  c a n i s t e r  s ea l s .  

(3 )  

The t e s t s ,  which were performed t o  meet these  objec t ives  a r e  a s  
f ollars : 

Canister  Ring Separation Test No. 1 

Canister  Ring Separation Test No. 2 

Canister  Ring Separation Test  No. 3 

Canister  Ring Separation Test No. 4 

Evacuation and Leak Rate Test 

Implosion Test 

Canis ter  Eject ion Test 

Mater ia ls  Test  

Canis ter  Ring Separation Test No. 5 

Canister  Ring Separation Test  No. 6 

Component Tests  

Canis ter  Ring Separation Test  No. 7 

Canis ter  Ring Separation T e s t  No. 8 

Ring separat ion t e s t s .  - The r i n g  separa t ion  t e s t s  consis ted of 
f i r i n g  the  f l ex ib l e  l i n e a r  shaped charge i n  dumq r i n g  sec t ions  t o  simulate 
each can i s t e r  ha l f .  
t e s t s  i n  a i r  and one i n  vacuum: 

The following results were required during th ree  

(1) 

(2) 

To achieve a separa t ion  v e l o c i t y  of 20 f t / s e c .  with each r ing .  

To ve r i fy  s t r u c t u r a l  i n t e g r i t y  of t he  c a n i s t e r  f langes .  
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I n  a l l ,  e ight  t e s t s  were required before  t h e  des i red  f i n a l  r e s u l t s  were 
achieved, 
shaped charge. 
Af te r  l o w  v e l o c i t i e s  were obtained i n  t h e  vacuum t e s t ,  t h e  nominal g r a i n  s i z e  
was  r a i s e d  t o  40 g ra in / f t .  
charge was f i r e d .  
(upper h a l f )  and 27.49 f t / s e c  (lower ha l f ) .  

Three i n i t i a l  t e s t s  were performed with nominal 30 g ra in / f t  
One 40 g r a i n / f t  charge was f i r e d  t o  v e r i f y  f lange  design. 

To prove t h e  f lange design, a 50 g r a i n / f t  (nominal) 
Mean v e l o c i t i e s  f o r  a l l  40 g r a i n / f t  t e s t s  were 30.30 f t / s e c  

Evacuation and leak r a t e  t e s t s .  - Evacuation t e s t s  were performed t o  
ensure t h a t  t h e  c a n i s t e r  s t r u c t u r a l  i n t e g r i t y  was  adequate t o  withstand 
s t a t i c  loads s imulat ing peak mission environments f o r  v i b r a t i o n  and acce ler -  
ation.. I n  addi t ion ,  t h e  c a n i s t e r  was required t o  demonstrate a maximum leak  
r a t e  of 0.10 t o r r  over a 24chour period. 
evacuated t o  approximately 0.85 t o r r .  The leak r a t e  t e s t  was then completed 
a f t e r  36 hours with a l eak  r a t e  of 0.08 t o r r  over t h e  f i n a l  24-hour period. 
S t a t i c  loads were then appl ied  and it was determined t h a t  a t  no time d id  
e l a s t i c  deformation approach t h e  y i e l d  value of t h e  c a n i s t e r  v a t e r i a l .  
From t h e  r e s u l t s  of s t r a i n  gage da ta ,  it was concluded t h a t  no permanent 
s e t  of t h e  s t r u c t u r e  had occurred. 

I n i t i a l l y ,  Canis te r  No. 1 was 

Implosion t e s t ,  - The implosion t e s t  was conducted t o  determine c r i t i c a l  
buckling pressure  of t h e  Canis ter  No. 1. D i f f e r e n t i a l  pressure was  appl ied 
t o  t h e  c a n i s t e r  ( p o s i t i v e  on ex te rna l  s i d e )  using a hydroclave. 
p ressures  of 50 p s i  and 100 p s i  were appl ied on two subsequent runs. From 
t h i s  t e s t ,  it was concluded t h a t  buckling of t h e  lower c a n i s t e r  s t a r t e d  a t  
a d i f f e r e n t i a l  of 80 p s i  and t h a t  t h e  can i s t e r  would s u s t a i n  maximum 
d i f f e r e n t i a l  p ressure  of 102 ps i .  
was concluded t o  be adequate. 

D i f f e r e n t i a l  

The s t r u c t u r a l  i n t e g r i t y  of the  c a n i s t e r  

Canis te r  e j e c t i o n  t e s t ,  The c a n i s t e r  e j e c t i o n  t e s t  was performed t o  
determine t h e  r e l a t i v e -  separa t ion  ve loc i ty  between c a n i s t e r  and adapter  
obtained with the  e j e c t i o n  spring. 
Can i s t e r  No. 1 and a dummy weight t o  simulate an expended Agena motor. 
Two t e s t s  were conducted t o  ensure t h a t  t h e  minimum separa t ion  ve loc i ty  
Of 6 f t / s e c  w a s  reached when e i t h e r  both o r  only one of t h e  clamp separa tor  
explosive b o l t s  were f i r e d .  
i n  h o r i z o n t a l  f r e e  f a l l ,  and t h e  following v e l o c i t i e s  were obtained: 

The t e s t  was  perrorme; usliig t h e  

Both t e s t s  were performed with t h e  full assembly 

(1) Test  No. 1 (both explosive b o l t s )  v e l o c i t y  was 8.12 f t / sec .  

( 2 j  T e s t  ITo. 2 ;,,,, ex..7--:--- pIvaIyc L uoIv, l + l  - . r e l x i t y  VE?S ~ $ 7 9  ft,/sec. 

It was concluded from t h e  above r e s u l t s  t h a t  t h e  c a n i s t e r  e j ec t ion  system 
was adequate. No damage t o  t h e  c a n i s t e r  o r  adapter  was sustained.  

Ma te r i a l  t e s t s .  The t e s t s  of 13 mater ia l s  cons is ted  of t h e  necessary 
exposure t o  mechanical loading, high vacuum, and temperature t o  v e r i f y  t h a t  
no l o s s  of performance would &&which could be  de t r imenta l  t o  the  
success fu l  c a p l e t i o n  of t h e  mission. 
considered s a t i s f a c t o r y  and showed no unexpected values.  

The r e s u l t s  of t hese  t e s t s  were 
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Component t e s t s .  - Components f o r  the  c a n i s t e r  assembly were t e s t e d  
i n  two phases: 

(1) Performance t e s t s  

( 2 )  Environmental t e s t s  

Each component had been sub jec t  t o  spec i f i ed  l e v e l s  o f :  

(1) Vibration (3  a x i s  - s inuso ida l )  

(2  ) Temperature 

(3) Acceleration 

( 4 )  Shock 

( 5 )  Alt i tude  

The t e s t s  were conducted t o  determine t h a t  mission environments would not 
have a de t r imenta l  e f f e c t  on the  func t iona l  operation of each component' 
a s  i n s t a l l e d  i n  a simulated f l i g h t  conf igura t ion .  The performance t e s t s  
were i n i t i a l l y  conducted t o  determine t h a t  spec i f i ed  performance to le rances  
f o r  individual components were met. During and a f t e r  subsequent environ- 
mental t e s t s ,  component func t ions  were again checked t o  determine t h a t  
operation remained wi th in  spec i f i ed  to le rances .  From t h e  r e s u l t s  of the  
t e s t s  discussed above, it was determined t h a t  t h e  components s e l ec t ed  f o r  
use would operate within the  environmental conditions l i s t e d  below: 

Temperature Test 

LOW Store  f o r  1 hour a t  0" F. Raise temperature 
TEMP t o  10" F before  energizing equipment, 

HIGH S tore  f o r  1 hour a t  170" F. Lower temperature 
TEMP t o  160" F before  energ iz ing  equipment. 

NOTE: For t h e  DC-AC Converter, s torage  and 
opera t ing  temperatures were 140" F. 

Vibration Tes t  (S inusoida l )  

FREQUENCY 10  t o  27 cps 27 t o  2000 CPS 

LEVEL 0.4 inch D.A. 15 g ' s  

SWEEP 3 sweeps a t  1 octave per  minute 

DIRECTION 3 orthogonal axes ,  r e l a t i v e  t o  the  vehic le  
t h r u s t  a x i s  
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Acceleration Test 

11 G I s  Steady S t a t e  f o r  7 minutes i n  t h e  t h r u s t  a x i s ,  2.5 G ' s  
f o r  2.5 minutes i n  t h e  other two orthogonal axes. 

Shock Test 

30 G I s ;  Half-Sine Wave; 6 t o  12  mill isecond dura t ion  i n  t h e  
t h r u s t  ax i s .  

A l t i t ude  Test (Vacuum) 

Store f o r  90 minutes a t  5 x loe5 Torr before energizing 
equipment. 

NOTE: Functional t e s t s  were performed a t  t he  beginning and 
and a t  t h e  completion of each environmental t e s t .  

Qual i f ica t ion  Test Program 

The objec t ives  of t h e  Qua l i f i ca t ion  Tes t  Program were a s  follows: 

(1) To v e r i f y  t h e  adequacy of t h e  prototype c a n i s t e r  assembly 
and t h e  prototype sphere t o  withstand environments i n  excess 
of those expected during t h e  launch and t r a j e c t o r y  t o  o r b i t .  

To prove t h e  i n t e g r i t y  of t h e  c a n i s t e r  s e a l ,  separa t ion  j o i n t ,  
opening system and i n f l a t a b l e  sphere deployment r a t e  on the  
f i n a l  c a n i s t e r  design configuration. 

( 2 )  

The t e s t s .wh ich  were performed t o  meet these objec t ives  a re  a s  
follows : 

Q u a l i f i c a t i o n  Acceleration T e s t  
(Simulated Sphere) 

Qual i  f i c a t  ion Vibration Test 
(Simulated Sphere) 

Qua l i f i ca t ion  Shock Test 
(Simulated Sphere) 

Qual i f ica t ion  Noise Test 
(Simulated Sphere) 

Qua l i f i ca t ion  Thermal T e s t  
(Sirnula t e d  Sphere ) 

Prototype Canister Thermal 
Systems Test 
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Quali  f i c  a t i on Vibration Te s t 
(Prototype Sphere ) 

Qua li f i c a  t ion Vacuum Deployment 
Test (Prototype Sphere) 

Environmental & FU? Suscep t ib i l i t y  
Qua l i f i ca t ion  Tests of DM25N4 
Dimple Motors 

Acceleration t e s t s .  - The c a n i s t e r  assembly, with simulated sphere 
i n s t a l l e d ,  was qua l i f i ca t ion  t e s t e d  i n  the  required acceleret ion environ- 
ment (see Figure 17 and Table V ) .  
t h a t  t he  c a n i s t e r  assembly and associated systems provided an adequate 
margin of s a fe ty  (Table V I )  when exposed t o  the spec i f i ed  acce le ra t ion  
environment i n  th ree  axes. 

The purpose of the  t e s t  was t o  assure  

During the  t e s t s ,  power was applied t o  the f l i g h t  instrumentation 
system. The following functions were monitored f o r  performance: 

(1) Temperature - 2 channels 

(2 )  Pressure - 2 channels 

I--- 

Figure 17. - Acceleration Test.  
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Axis 

Longitudinal 

Transverse 

Latera l  

C 

Level Time Duration 
( g >  (minut e s ) 

11 7 

2.5 2.5 

2.5 2.5 

TABLE V 

19,000 

1g,ooo 

38,000 

19,000 

19,000 

QUALIFICATION ACCELERATION TEST LEVELS 

16.9 

25.7 

47.7 

36.6 

21.4 

TABLE VI 

QUALIFICATION TEGT LEVEL - STRUCTURAL MARGIN OF SAFETY (M.S.) 
(KS. BASED ON YIELD STRENGTH) 

Environment 

Acceleration 

Shock 

Vib r a t ian  

Location of 
Max. Stress  

Canister 

Canister 

Adapter Skin 
( P  a x i s )  

Canister 
( T  a x i s )  

Canister 
( N  a x i s )  

Max. 
Stress  
( P s i  1 

Yield I M.S. 
Stress 
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( 3 )  The "ejection" indicat ion 

(4 )  Timer (83.5 second con tac t s )  

( 5 )  Timer (90.0 second con tac t s )  

S t r a i n  gages were a l s o  i n s t a l l e d  t o  record c a n i s t e r  s t r e s s e s .  

No s i g n i f i c a n t  deviat ion occurred i n  the  output l e v e l  of e i t h e r  t h e  
s t r a i n  gages o r  instrumentation subsystem during the t e s t .  
no evidence of damage was found t o  have occurred as  a r e s u l t  o f  the  
exposure. It was thereby concluded t h a t  the c a n i s t e r  assenibly and systems 
would survive s t a t e d  mission acce le ra t ion  l e v e l s  with an adequate margin 
of s a fe ty  (Table V I ) .  

Additionally,  

The c a n i s t e r  assembly was subsequently t e s t e d  a t  f l i g h t  acceptance 
l e v e l s  of accelerat ion ( longi tudinal  a x i s ,  8 g 's  f o r  5 minutes) t o  demon- 
s t r a t e  t he  operat ional  i n t e g r i t y  of t h e  prototype i n f l a t a b l e  sphere along 
with the c a n i s t e r  assembly and associated systems i n  a mission environment. 
The major differences i n  the  t e s t s  were t h a t  t he  b a t t e r i e s  were excluded and 
a prototype i n f l a t a b l e  sphere was i n s t a l l e d .  
t e s t  show the  accelerat ion environment had no de le t e r ious  e f f e c t s  and it 
was concluded t h a t  c a n i s t e r  design was adequate. 
sphere design could not be determined a t  t h i s  point  i n  t e s t i n g  s ince it 
could no t  be removed. 
deployment i n  a 60-foot vacuum chamber. 

Results obtained during t h e  

Adequacy of t he  i n f l a t a b l e  

The i n f l a t a b l e  sphere was inspected subsequent t o  

Vibration t e s t s .  - The c a n i s t e r  assembly with simulated sphere 
i n s t a l l e d  was q u a l i f i c a t i o n  t e s t e d  i n  the required s inusoidal ,  and random 
v ib ra t ion  environment (see Figure 18). 
a r e  presented i n  Table VII. 
Figure 19. 

The s inusoidal  v ib ra t ion  t e s t  l e v e l s  
The random v ib ra t ion  t e s t  l e v e l s  a r e  shown i n  

Figure 18. - Vibration Test 



TABLE VI1 

SJNUSOIDAL VIBRATION TEGT LEVELS (QUALIFICATION) 

Axis 

LONG1 TUDINAL 

* 

TRANSVERSE 
AND LATERAL 

Frequency 
CPS 

5 -9 
9-100 

100-2 50 
250-2000 

17-22 

5 -6 
6 -100 

100-2 50 
250-2000 

Levels 

+ 1  in 

+ 2 g  

f 3 g  
+ 4 g  
+ 4 g  

+ t in 
f l g  
+ 2 g  
+ 4 g  

NOTE: Apply at a constant sweep rate of one octave per minute. 
* Pogo oscillations. 

The testa were run to demonstrate that an adequate margin of safety 
(Table V I )  existed throughout the canister assembly and systems to ensure 
survival when subjected to flight vibrations. 

Durbng the tests, power was applied to the flight instrumentation 
system; the following functions were monitored for performance: 

(1) Temperature (2 channels) 
(2) Pressure (2 channels) 

( 3 )  The "ejection" indication 
(4) Timer (83.5 second contacts) 
(5) Timer (90.0 second contacts) 

In addition, strain gages were used to record canister stresses. 

Test results showed that no significant changes occurred in either 
the instrumentation system or strain gage outputs. However, as a result 
of the test, a modification was incorporated to add a stiffening shear 
plate to the timer bracket to avoid undesirable bracket resonance of the 
timer assemblies. 

5 J- 



0.00 
1000 2000 3000 100 200 500 

Frequency, cps 

Figure 19. - Random Vibration Test Levels 

Upon completion of t e s t i n g  with the  above change, it was concluded 
t h a t  t he  assembly did have adequate margins of s a fe ty .  
subsequently t e s t e d  i n  t h e  long i tud ina l  a x i s  a t  t h e  f l i g h t  acceptance 
l eve l s  of v ibra t ion  (Table VI11 and Figure 20). Again, the  b a t t e r i e s  
were excluded and t he  prototype i n f l a t a b l e  sphere was i n s t a l l e d .  
de le te r ious  e f f ec t s  r e su l t ed  and it was concluded t h a t  t h e  c a n i s t e r  
design was adequate t o  survive t h e  mission v i b r a t i o n  environment. 
Again, the i n f l a t a b l e  sphere adequacy was t o  be determined l a t e r  i n  
the  program. 

The c a n i s t e r  was 
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TABLE V I 1 1  

SINUSOIDAL VIBRATION TEST (FLIGHT ACCEPTANCS) 

Axis 

Longitudinal 

* 

Transverse 

and 

La te ra l  

Frequency 
(CPS) 

5 -7 
7 -100 

100-250 

250-2000( 

17-22 

5 -100 

100-250 

250-2000 

Level 

*1 ,+ i n  

f 1.33 g 
f 2.0 g 

* 2.67 g 

* 2.67 g 

* 0.67 g 

* 1.33 g 
2.67 g 

* Pogo Osc i l l a t ions  

Note: Apply a t  a constant  sweep r a t e  of 
two octaves pe r  minute. - 

Shock %ests. - Qual i f ica t ion  shock t e s t s  of the  c a n i s t e r  was performed 
Specif ied l e v e l s  were with t h e  simulated sphere i n s t a l l e d  ( see  Figure 21) .  

appl ied i n  t h e  long i tud ina l  ax i s  (15 g ' s ,  6 t o  10 m s ,  h a l f  s ine  wave) t o  
demonstrate t h a t  adequate margin of safetj-  (Tzblc E> euist.s i n  the  c a n i s t e r  
assembly and systems t o  ensure su rv iva l  through the  mission. 

Power was appl ied  t o  the  c a n i s t e r  instrumentation and the  following 
func t ions  were monitored during the t e s t :  

(1) Temperature ( 2 )  channels) 

( 2 )  Pressure (2  channels)  

( 3 )  " e j e ~ t ~ ~ ~ ' '  iafiticet.fnn 

( 4 )  Timer (83.5 second con tac t s )  

(5 )  Timer ( 9 . 0  second con tac t s )  

S t r a i n  gages were again used t o  determine l o c a l  s t r e s s e s .  

No s i g n i f i c a n t  changes i n  l e v e l  of the above s igna l s  or  i n  s t r a i n  
gage outputs  occurred during the  t e s t s .  
would surv ive  t h e  mission shock environment. 

It was concluded t h a t  the  c a n i s t e r  

53 



0 .004100 

Figure 21. - Shock tests. 

200 5 00 1000 2000 3000 

54 



Noise t e s t s .  - Qualif icat ion noise t e s t s  (see Figure 22) of the  
can i s t e r  assembly were performed t o  demonstrate funct ional  operation 
of t h e  c a n i s t e r  assembly and systems when subjected t o  the  specif ied 
noise l e v e l s .  (Figure 23) 

Power was applied t o  t h e  can i s t e r  instrumentation and the  following 
functions were monitored during the t e s t s :  

(1) Temperature (2  channels) 

(2)  Pressure (2 channels) 

(3) The "ejection" indicat ion 

( 4 )  Timer (83.5 second con tac t s )  

( 5 )  Timer (90.0 second contacts)  

The recorded l e v e l s  of t he  above s ignals  gave no s i g n i f i c a n t  change 
throughout t he  t e s t .  From the t e s t  r e s u l t s ,  it was concluded t h a t  the 
c a n i s t e r  assembly would r ead i ly  survive the mission noise environment. 

Figure 22. - Noise t e s t i n g .  
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Figure 23. - Noise Spectrum 

Thermal t e s t s .  - Qual i f i ca t ion  thermal t e s t s  ( s ee  Figure 24) of t he  
can i s t e r  assembly with simulated sphere were performed t o  demonstrate t he  
v a l i d i t y  of t h e  thermal balance a n a l y s i s  and t h e  i n t e g r i t y  of t h e  c a n i s t e r  
assembly and systems t o  t h i s  environment. 
chamber capable of simulating s o l a r  and i n f r a r e d  hea t ing  of  a spec i f i ed  
thermal environment ( see  Table IX) . 
t o  measure can i s t e r  sur face  temperatures a t  p re sc r ibed  l o c a t i o n s  and t h e  
.following functions were monitored wi th  c a n i s t e r  ins t rumenta t ion  power on: 

The t e s t  was performed i n  a 

Twenty-four thermocouples were i n s t a l l e d  

(1) Temperature ( 2  channels) 

(2 )  Pressure (2 channels) 

(3)  The "ejection" ind ica t ion  

( 4 )  Timer (83.5 second c o n t a c t s )  

( 5 )  Timer (90.0 second c o n t a c t s )  

Results ind ica ted  no unexpected change i n  l e v e l  of t h e  above s i g n a l s .  
In  addi t ion ,  no damage r e s u l t e d  t o  t h e  c a n i s t e r  assembly and it was concluded 
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t h a t  both t h e  assenibly and subsystems would adequately survive t h e  mission 
thermal vacuum environment. 

TABLE IX 
QUALIFICATION THERMAL TEST LEVELS 

Solar  

Solar 

Solar 

I R  

I R  

I R  

- 
Axis Direct ion 

Normal 

Normal 

Incident (3) 
Normal 

Normal 

Incident ( +z 

Level 
(Btu/f t  ) 

440 
440 
440 
110 

110 

liG 

Figure 24. - Thermal t e s t i n g .  
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Thermal systems t e s t .  - The thermal systems t e s t  was conducted a f t e r  
t he  thermal t e s t  and without a sphere i n  t h e  c a n i s t e r .  The t e s t  was 
performed t o  demonstrate t h a t  t h e  c a n i s t e r  instrumentation system would 
perform s a t i s f a c t o r i l y  through the mission thermal environment. 
t e s t ,  t h e  e n t l r e  c a n i s t e r  assembly was s t a b i l i z e d  a t  120" F. 
power was  applied t o  t h e  c a n i s t e r  instrumentation a t  t h e  ambient and 
extreme temperatures and t h e  AGE monitor was connected f o r  v e r i f i c a t i o n  
of accuracy and s t a b i l i t y  of t he  following func t ions :  

For t h i s  
External 

(1) 

(e) 
Pressure (1 AGE and 2 te lemet ry  channels) 

Temperature (1 AGE and 2 telemetry channels) 

I n  addi t ion ,  t h e  pressure  monitoring channels were checked a f t e r  24 hours 
f o r  r e p e a t i b i l i t y  . 

T e s t  r e s u l t s  showed t h a t  t h e  c a n i s t e r  instrumentation was not damaged 
by the thermal environment and it was concluded t h a t :  

(1) 

( 2 )  

The temperature subsystems were s u f f i c i e n t l y  accura te  and 
s t a b l e  f o r  t he  mission. 

The pressure  systems met t h e  mission accuracy requirements 
and demonstrated adequate r e p e a t i b i l i t y  when recycled a f t e r  
a longer per iod  than normal t o  an a c t u a l  launch. 

An anomaly i n  t h e  pressure  da ta  was observed during these  t e s t s .  
The anomaly, which appeared a s  an increase  i n  p re s su re ,  was determined 
t o  be a change i n  gas composition i n s i d e  the  c a n i s t e r .  This was a 
result of outgassing of t h e  an t i - cha f ing  l i n e r  ma te r i a l  during the  
thermal cycling. This inc rease ,  approximately 0.1 t o r r ,  was no t  s u f f i c i e n t  
t o  be a problem. Pressure increase  due t o  thermal cyc l ing  was found t o  
reduce wi th  l i n e r  aging. 

Vacuum deployment t e s t .  - The deployment t e s t  ( s ee  Figure 25)  us ing  
t h e  prototype c a n i s t e r  assembly and t h e  prototype n f l a t a b l e  sphere was 
performed a t  t he  LRC 60-foot vacuum f a c i l i t y .  
was t o  prove proper opera t ion  of t h e  c a n i s t e r  open ng system with an 
ac tua l  deployment of t he  pro to type  i n f l a t a b l e  sphere.  
were a s  follows: 

The purpose of t h e  t e s t  

The t e s t  ob jec t ives  

(1) To demonstrate a minimum of 20 f t / s e c  sepa ra t ion  ve loc i ty  f o r  
t h e  c a n i s t e r  ha lves  

( 2 )  

(3)  

(4) 

Prove i n t e g r i t y  of t h e  c a n i s t e r  s epa ra t ion  j o i n t  

Determine i n f l a t a b l e  sphere deployment r a t e  

Demonstrate no damage had been sus t a ined  by t h e  i n f l a t a b l e  sphere 
by e i t h e r  t h e  opening procedure or simulated f l i g h t  t e s t s .  



L 

I’ 

Figure 25. - Deployment t e s t i n g .  

The t e s t  was i n i t i a t e d  with the can i s t e r  suspended a t  t he  flange l ac ing  
thus permit t ing a f r e e - f a l l  t r a j e c t o r y  of the c a n i s t e r  halves. F l igh t  
b a t t e r y  packs were used t o  provide power for  t he  can i s t e r  opening system. 
Signals represent ing t imer events were recorded t o  v e r i f y  the  opening 
system performance. 
mentation system and the following functions were monitored during the 
test:  

I n  addi t ion,  power was applied t o  the  can i s t e r  i n s t ru -  

(1) Temperature (2  channels) 
I 

I I (2 )  Pressure (2  channels) 

( 3 )  The “e jec t ion i i  indicat ion 

(4 )  Timer (83.5 second contacts)  

I 

Evaluation of t e s t  r e s u l t s  showed t h a t  the veloci ty  of the can i s t e r  
halves  was 32.46 f t / s e c  f o r  the upper h a l f  and 27.8 f t / s e c  f o r  the lower 
ha l f  which was approximately double the deployment r a t e  of t he  i n f l a t a b l e  
sphere. The p o s s i b i l i t y  of a space co l l i s ion  by any of t h e  th ree  p a r t s  
was thereby concluded t o  be highly improbable. 
functioned normally and detonation of the shaped charge was through the 

~ 

A l l  instrumentation 
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timer contac ts  a t  approximately 83 .O seconds. The des i r ed  "e jec t ion"  
ind ica t ion  occurred a t  t he  2.0 second timer contac t  c losure .  The s i g n a l  
was wired through an adapter loca ted  outs ide  t h e  chamber t o  simulate 
normal spacecraf t  airborne operation. 
and temperatures showed an expected 2 t o  3" F r i s e  due t o  t h e  chamber 
l i g h t i n g ,  

Pressures remained near ly  cons tan t  

Pos t - t e s t  examination of t he  c a n i s t e r  halves revea led  minor damage t o  
two f i b e r g l a s s  covers, one of which was l a t e r  replaced by a coa t ing  of RTY 
compound. 
separation sur faces  were : 

Additional changes made a t  t he  flange a rea  t o  provide c leaner  

(1) 

( 2 )  

(3)  

A l l  s a f e ty  wires  were coated with RTV, 

Solenoid valve covers were trimmed. 

Mylar tape  covering the shaped charge was cemented i n  p lace  
with a contac t  aement, (Adhesive EC 1357, 3 M Corporation).  

Minor damage t o  t h e  i n f l a t a b l e  sphere was l a t e r  a t t r i b u t e d  t o  t h e  
t e s t  conf igura t ion  and no t  considered s i g n i f i c a n t  t o  the  ex ten t  of 
requi r ing  f u r t h e r  changes o r  r e t e s t .  
success and it was determined t h a t  t he  mission could be performed wi th  t h e  
ex i s t ing  opening system conf igura t ion .  

I n  genera l ,  t h e  t e s t  was considered 

Dimple motor t e s t s ,  - Qual i f i ca t ion  t e s t s  of t he  D E 5 N 4  dimple 
motors included v ib ra t ion  and thermal environment t e s t s  and RF suscep t i -  
b i l i t y  t e s t s .  The twofold purpose of t e s t i n g  was: 

(1) Verify performance of t h e  u n i t s  ope ra t iona l ly  a f t e r  be ing  
subjected t o  t h e  simulated v i b r a t i o n  and thermal environments. 

Verify t h a t  RF l e v e l s  of 28 v o l t s  per  meter f o r  f requencies  
below 50 mc, and 194 v o l t s  p e r  meter f o r  f requencies  above 
50 mc would not  cause an unexpected f i r i n g  of t he  dimple motors 
ind iv idua l ly ,  when i n s t a l l e d  i n  f l i g h t  t imer assemblies,  or i n  
the  opera t iona l  conf igura t ion .  

( 2 )  

During thermal and v ib ra t ion  environmental exposures, b r idge  r e s i s t a n c e  
was monitored and found t o  have no s u b s t a n t i a l  change. 
i n  the t e s t s  shotred t h a t :  

Fur ther  r e s u l t s  

(1) The dimple motors functioned normally a f t e r  t h e  v ib ra t ion  and 
thermal t e s t s .  

( 2 )  The dtmple motors survived t h e  t h r e e  phases of RF exposure wi th  
no de le t e r ious  e f f e c t s .  
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It was concluded t h a t  the dimple motors would not  be e f f ec t ed  by 
mission FU? exposures and would perform s a t i s f a c t o r i l y  a f t e r  exposure t o  
mission v ib ra t ion  and thermal environments. 

_ _ _ ~  

Axis 

F l igh t  Acceptance Test Program 

The objec t ive  of t h e  F l igh t  Acceptance Test Program (FAT) was t o  
v e r i f y  the i n t e g r i t y  of the  components and the  qua l i t y  of workmanship 
employed i n  the  construct ion of t h e  f l i g h t  spacecraf t s .  

Level Time Duration 
( g ' d  (Min) 

I n  order  t o  accomplish t h i s  purpose, each f l i g h t  spacecraf t  w a s  
subjected t o  t h e  same s e r i e s  of  simulated f l i g h t  environments and the  
performance of t h e  spacecraf t  measured before ,  during o r  a f t e r  each 
environmental exposure. 

Longi tudinal  

L a t e r a l  

Transverse 

Procedwes.  - The acceptance t e s t s  were s imi l a r  i n  na ture  t o  t h e  

Each f l i g h t  u n i t  was t e s t e d  i n  four  
q u a l i f i c a t i o n  t e s t s .  I d e n t i c a l  func t ions  of t he  instrumentat ion system 
were monitored during each t e s t .  
environments (v ib ra t ion ,  acce le ra t ion ,  shock, and thermal) a s  follows: 

Vibration - random and s inusoida l  (Table V I 1 1  and Figure 20) (1) 

8 5 
2 2 

2 2 

(2) Accelerat ion - 3 axes (Table X )  

(3) Shock - t h r u s t  ax i s  (12 g ' s  f o r  6 t o  10 m s ,  ha l f  s i n e  wave) 

(4) Thermal - inst rumentat ion (120 1; degrees F f o r  72 minutes) 

I n  add i t ion ,  a systems t e s t  was performed following the  acceptance t e s t  
t o  ve r i fy  t h a t  t h e  c a n i s t e r  opening and e j ec t ion  systems had survived 
without damage. 

Resul t s .  - The t e s t  r e s u l t s  shared no s i g n i f i c a n t  devia t ion  i n  the  
monitored s igna l s .  
were s a t i s f a c t o r i l y  completed with no evidence of s t r u c t u r a l  o r  component 
damage. 

The subsequent v i sua l  inspec t ion  and system t e s t  

TABLE X 

FLIGHT ACCEPTANCE ACCELERATIUN 'TEST LKvTL 
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CONCLUSIONS 

The requirements f o r  t he  c a n i s t e r  assembly, a s  shown i n  t h e  design 
cons t r a in t s ,  were a l l  achieved. 
opening ve loc i ty  of 20 f t / s e c ,  a nominal charge of 40 g ra ins  per  f o o t  was 
required.  
The e f f e c t  of b l a s t  d i d  no t  cause any cracks a t  t h e  f langes.  

To obtain t h e  minimum c a n i s t e r  h a l f  

The 40 grain charge produced a v e l o c i t y  between 26 t o  29 f t / s e c .  

The c a n i s t e r  opening between 60 and 90 seconds a f t e r  separat ion from 
t h e  launch vehicle  was cont ro l led  by s e t t i n g  the  primary t imer a t  83.5 
seconds and the secondary t imer a t  90 seconds. 

The e j e c t i o n  ve loc i ty  of 6 ft/sec-minimum was achieved by t h e  e j e c t i o n  
When tested during f r e e  drop, a v e l o c i t y  of 8.12 f t / s e c  was spr ing design. 

a t t a ined  when both b o l t s  were exploded, and 7.79 f t / s e c  when one b o l t  was 
exploded. 

The ant i -chaf ing l i n e r  was a Teflon mater ia l  (known a s  Emerlon 320) and 
was the  same mater ia l  a s  was used i n  t h e  Echo I1 c a n i s t e r s .  It was d e t e r -  
mined during the  Instrumentation Thermal Test t h a t  t h i s  mater ia l  out-gassed 
when t h e  c a n i s t e r  temperature was r a i s e d  from 80" F t o  120" F and t h a t ,  
when t h e  c a n i s t e r  was returned t o  80" F, t h e r e  was some recondensing of t h e  
products t h a t  out-gassed. 
an anti-chafing l i n e r .  

The mater ia l  functioned very s a t i s f a c t o r i l y  a s  

The thermal pro tec t ive  mater ia l s  used, functioned s a t i s f a c t o r i l y .  The 
results of t he  f l igh t  temperatures (no t  included i n  t h i s  r e p o r t )  a r e  expected 
t o  be within l i m i t s  s ince t h e  ana lys i s  was conservative due t o  t h e  bal loon 
no t  being included i n  the ana lys i s .  
both t h e  hea t  gain and h e a t  l o s s .  
f lange t o  be approximately 5" F warmer than  the  top or  male f lange.  
was done t o  assure  t h a t  t h e r e  would be no tendency f o r  s e i zu re  between t h e  
s l i d i n g  valve por t ion  of t h e  f langes due t o  temperature changes during 
f l i g h t  and p r i o r  t o  c a n i s t e r  opening. 

The bal loon has a moderating e f f e c t  on 
The a n a l y s i s  required t h e  female o r  bottom 

This 

There was no d i f f i c u l t y  experienced i n  meeting t h e  l e a k  r a t e  of 0.1 
t o r r  per  24 hours except when accompanied by temperature changes. When 
t h e x a n i s t e r s  were i n  a constant  temperature environment, t h e r e  was l i t t l e  
pressure change (0,008 t o r r  f o r  24-hour per iod) .  

The c a n i s t e r  assembly weight of 95 lbs .  and t h e  265 t o t a l  maximum 
weight of t h e  c a n i s t e r  p lus  t h e  i n f l a t a b l e  sphere assembly were achieved 
with some margin. 
t o  92.10 lbs. 
238.30 lb s .  and c a n i s t e r  assembly No. 4 ,  wi th  the  sphere,  weighed 240.27 l b s .  

The c a n i s t e r  assembly weights var ied  from 90.42 lb s .  
Canis ter  assembly No. 3, with t h e  i n f l a t a b l e  sphere,  weighed 

The spacecraf t  was successful ly  launched i n t o  o r b i t  from t h e  A i r  
Force Western Test Range on 2 3  June 1966 wi th  a l l  spacecraf t  funct ions 
performing nominally. 
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