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SUIWRY AhTD INTRODUCTION 

On December 2 2 ,  1969, Astro Research Corporation con t rac ted  
t o  provide NASA Manned Spacecra-ft Center wi th  one Lunar Antenna 
Mast - Engineering Model. The mast was t o  be 100 f e e t  t a l l  and 
automat ica l ly  e r e c t a b l e  and r e t r a c t a b l e ,  and capable of support-  
ing i t s e l f ,  an RG-59 coax ia l  cable, plus  a  three-pound t i p  mass 
with only c a n t i l e v e r  support  a t  i t s  base and t i l t e d  a t  an angle  
of f i v e  degrees from the  v e r t i c a l  i n  lunar su r face  g rav i ty .  The 
mast and i t s  deployment c a n i s t e r  was t o  weigh l e s s  than 50 pounds 
and occupy l e s s  than 2 . 2  cubic f e e t .  Twenty-eight v o l t  d i r e c t  
c u r r e n t  was t o  pob7er i t s  f  u l l - l eng th  deployment i n  l e s s  than  10 
minutes. The use fu l  l i f e  of the  system was t o  be a t  l e a s t  20 
deployment cyc les  subsequent t o  de l ive ry  t o  MSC, a s  demonstrated 
p r i o r  t o  d e l i v e r y  by a t  l e a s t  t h r e e  f u l l - l e n g t h  e r e c t i o n  cyc les  
i n  earth-bound acceptance t e s t s ,  t o  show it t o  be f r e e  of 
d e f i c i e n c i e s .  

A c o i l a b l e  Astromast* was designed, f a b r i c a t e d ,  s u c c e s s f u l l y  
t e s t e d ,  and de l ive red  t o  NASA i n  accordance with c o n t r a c t  requi re-  
ments. The c o i l a b l e  Astromast i s  a  t r i a n g u l a r  l a t t i c e  s t r u c t u r e  
c o n s i s t i n g  of t h r e e  f ibe rg lass  longerons,  interconnected by evenly 
spaced t r i a n g u l a r  b a t t e n  frames, and shear - tors ion  s t i f f e n e d  by 
pretensioned diagonal  cables  ac ross  a l l  of i t s  panels .  A photo- 
graph of the  mast conf igura t ion  de l ivered  t o  NASA i s  shown i n  
Figure f .  

The engineering model weighs 54.5  pounds, including a  remote- 
c o n t r o l  u n i t  and t h e  i n s t a l l e d  c o a x i a l  cable  with i t s  TNC f i t t i n g s .  
Its t o t a l  volume i s  approximately 2.32 cubic  f e e t .  

Acceptance t e s t s  were performed a t  Vandenberg AFB i n  a  
deac t iva ted  T i t an  I1 launch s i l o  June 8 and 9 ,  1970. O n  t h e s e  
two da tes  t h e  mast was f u l l y  deployed a t o t a l  of t h r e e  t imes ,  
e s s e n t i a l l y  v e r t i c a l l y ,  t o  determine i t s  r e l i a b i l i t y  and capa- 
b i l i t y  f o r  f u l l - l e n g t h  deployment i n  an environment i n  excess  of 
lunar  g rav i ty .  A s  p a r t  of the  same t e s t  p lan ,  t h e  mast was twice 
deployed t o  a length  of 50 f e e t  while  t i l t e d  a t  an angle  which 
produced bending loads a t  i t s  base s l i g h t l y  i n  excess of those  
c a l c u l a t e d  t o  be produced by t h e  above-stated requirement f o r  

* Astro Research Corporation trademark; U.S. p a t e n t  number 
3,486,279. 



lunar  s e r v i c e ,  Ful l - length deployment and r e t r a c t i o n  were each 
achieved i n  l e s s  than t h e  10-minute l i m i t .  The mast s u c c e s s f u l l y  
withstood t h e  tilt t e s t .  The u n i t  was accepted by M r .  H. A. 
Schu l t z ,  NASA P r o j e c t  Engineer, who witnessed t h e  t e s t s .  It was 
de l ive red  t o  NASA MSC June lG, 1970. 

The t e x t  o f  t h i s  r e p o r t  g ives  a d e t a i l e d  d e s c r i p t i o n  of t h e  
s u b j e c t  Lunar Antenna Mast, a summary of i t s  s t r u c t u r a l  a n a l y s i s  
and i t s  c a p a b i l i t y ,  a s  we l l  a s  a suiimary of t h e  acceptance t e s t s .  

Ast ro  Research Corporation hereby expresses  i t s  apprecia-  
t i o n  for t he  oppor tuni ty  t o  provide NASA with t h e  Lunar Antenna 
Mast and i s  hopeful  t h a t  it w i l l  be u s e f u l  t o  NASA's space program 



MAST DESCRIPTION 

The t o t a l  mast u n i t  i s  shown i n  a p a r t i a l l y  deployed conf ig-  
u r a t i o n  i n  F igure  I. The o v e r a l l  dimensions and p a r t s  of  i t s  
stowage-deployment c a n i s t e r  a r e  des igna t ed  by t h e  drawing,  F igu re  
2. F igure  3 i s  a c lose-up photograph i n t o  t h e  t o p  of  t h e  c a n i s t e r ,  
which shows some d e t a i l s  of t h e  deployment mechanism and mast.  
The eng inee r ing  model c o n s i s t s  of t h r e e  major components w i t h  
t h e i r  r e s p e c t i v e  p r i n c i p a l  p a r t s ,  a s  o u t l i n e d  below. 

Mast 

The mast i s  1209 inches  Long and 10 inches  i n  diameter .  I t  
c o n s i s t s  o f  t h r e e  cont inuous 2-ongerons , nominally 0.135-inch 
s q u a r e ,  of u n i a x i a l  S-g lass  f i b e r s  i n  an  epoxy m a t r i x ,  and 212 
bays formed by 211 t r i a n g u l a r  b a t t e n  frames of S-g lass  f i b e r s .  
Ba t t en  members have a r e c t a n g u l a r  c r o s s  s e c t i o n  of 0.135 i n c h  by 
0.095 inch w i t h  doubly hinged aluminum j o i n t s  a t  t h e  c o r n e r s  of  
t h e  frames which connect  t o  t h e  longerons  a t  5.7-inch spac ings  
( s e e  Fig.  3 ) .  

The upper end of t h e  mast i s  t e rmina t ed  by  an aluminum s p i d e r  
frame and a d i s k  which s e r v e s  a s  a d u s t  cover .  The lower end i s  
te rmina ted  by an aluminum t u r n t a b l e .  

Cables  of  3 x 7 s t r a n d ,  1/32-inch d iameter  s t a i n l e s s  s t e e l  
ex tend  d i a g o n a l l y  a c r o s s  each of  t h e  636 p a n e l s  of t h e  mast t o  
p rov ide  it w i t h  shea r  and t o r s i o n a l  s t i f f n e s s  and s t r e n g t h  ( s e e  
Fig .  3 ) .  The d i agona l s  a r e  p re t ens ioned  t o  approximately  10 
pounds, which t h e  b a t t e n  frames r e s i s t  by buck l ing ,  t he reby  main- 
t a i n i n g  p r e t e n s i o n  i n  each diagonal .  The d i agona l s  a r e  f i x e d  a t  
each j o i n t  by  f r i c t i o n  s u p p l i e d  by b o l t s  as shown i n  F igu re  3. 

A s i n g l e  RG-59U c a b l e  i s  secured t o  one longeron by p re s su re -  
s e n s i t i v e  t a p e  (Minnesota Mining & Manufacturing V-9333) two 
p l a c e s  i n  each 5.7-inch bay l eng th  a s  shown i n  F igure  3 .  The 
c a b l e  i s  te rmina ted  a t  t h e  t o p  by  a TNC f i t t i n g .  A Sage No. 345 
c o a x i a l  r o t a r y  coupl ing  conducts t h e  c a b l e  through t h e  t u r n t a b l e  
a t  t h e  mast b a s e ,  and t h e  lower end o f  t h e  c a b l e  i s  t e rmina t ed  
by ano the r  TNC f i t t i n g .  

The m a s t  i s  p a i n t e d  w i t h  t i t a n i u m  oxide  p a i n t  as a thermal  
c o n t r o l  c o a t i n g  which is r e p o r t e d  t o  have an  e f f e c t i v e  s o l a r  



a b s o r p t i v i t y  of 0.2 and an I R  e m i s s i v i t y  of 0 . 9 ,  which i s  calcu-  
l a t e d  t o  maintain t h e  temperature of the  longerons a t  approx- 
imately 160°F i n  t h e  most severe phase of t h e  lunar  thermal 
environment. 

C y l i n d r i c a l  aluminum r o l l e r s  0.335 inch  i n  diameter extend 
r a d i a l l y  from t h e  apexes of each t r i a n g u l a r  b a t t e n  frame. The 
r o l l e r s  a r e  engaged by t h e  deployment "nut"  t o  extend o r  r e t r a c t  
t h e  mast. 

stowage-~eploymenf Can i s t e r  

The c a n i s t e r  i s  41.-7/8 inches high and 10.98 inches i n  diam- 
e t e r  over most of i t s  length.  I t  c o n s i s t s  of t h e  following p a r t s :  

1) The lower mast-stowage volume which stows the  20.5-inch 
h e i g h t  of c o i l e d  mast 

The c a n i s t e r  bottom is  a p l a t e  t o  which t h e  mast t u r n t a b l e  
and base-attachment lugs a r e  mounted. The c a n i s t e r  w a l l  i s  
0.063-inch t h i c k  6061-T6 aluminum, and t h e  bottom p l a t e  is 0.125- 
inch t h i c k  6061-T6 aluminum. 

2) The in te rmedia te  t r a n s i t i o n  s e c t i o n  of t h e  c a n i s t e r  

The c a n i s t e r  i n  t h i s  s e c t i o n  suppor ts  t h r e e  s e t s  of t r a n s i -  
t i o n  r a i l s  t o  guide t h e  coil-ed mast from i t s  c o i l e d  t o  i t s  
e r e c t e d  conf igura t ion  before  e n t e r i n g  t h e  deployment mechanism 
p a r t  of t h e  c a n i s t e r .  

'3)  The deployment mechanism p a r t  of t h e  c a n i s t e r  

This  mechanism c o n s i s t s  of a  r o t a t a b l e  three- thread aluminum 
n u t  and v e r t i c a l  guide r a i l s .  The n u t  i s  ind ica ted  a s  t h e  t o p  
p o r t i o n  of t h e  c a n i s t e r  i n  Figure 2. I n  Figure 3 i t s  th reads  a r e  
v i s i b l e  through a  l i g h t e n i n g  hole  i n  t h e  i n t e r i o r  v e r t i c a l  guide 
s t r u c t u r e .  The p i t c h  of each of t h e  t h r e e  threads  i s  one-half t h e  
m a s t  lug  p i t c h .  The mast lugs a r e  engaged i n  t h e  th reads  and 
between t h e  Teflon edging members of t h e  v e r t i c a l  guide s t r u c t u r e .  
Thus t h e  e r e c t e d  por t ion  of t h e  mast i s  advanced, without  r o t a t -  
ing ,  when t h e  deployment nut  is r o t a t e d .  

4) The r i n g  gear  about t h e  base of t h e  deployment nut  

This  gea r  i s  v i s i b l e  i n  Figure 3. 

I 



5)  Two 28-volt ,  d. c.  Globe motors (14 .5 : l  - 10211174-9) with 
14 .5 : l  gear  heads and one-inch diameter p in ion  gears  

These motors can be see]? i n  Figure I and a r e  ind ica ted  on 
t h e  drawing, Figure 2 .  The pinion gears  engage t h e  r i n g  g e a r ,  
which can be seen i n  Figure 3 ,  t o  power i t s  r o t a t i o n  and e i t h e r  
deploy o r  r e t r a c t  t h e  mast. A f i b e r g l a s s  guard covers  t h e  r i n g  
and p in ion  gears .  

E l e c t r i c a l  Cohtrols  

Figure 4  i s  a schematic of t h e  e l e c t r i c a l  system f o r  t h e  28- 
v o l t  motors,  l i m i t  swi tches ,  and c o n t r o l  switch.  The e l e c t r i c a l  
c o n t r o l s  o u t l e t  f o r  t h e  c o n t r o l  switch and power supply i s  mounted 
on t h e  s i d e  of t h e  c a n i s t e r ,  a s  shovm i n  Figure 2. The l i m i t  
swi tch  which s t o p s  mast r e t r a c t i o n  i s  v i s i b l e  i n  Figure 3  i n s i d e  
t h e  t o p  of  t h e  c a n i s t e r .  A 25-foot long cab le  connects t h e  hand- 
he ld  c o n t r o l  switch and power supply t o  t h e  c o n t r o l s  o u t l e t  on 
t h e  s i d e  of t h e  c a n i s t e r .  

Weight Summary 

.Fol.lowing i s  a  weight sununary f o r  the  complete Lunar Antenna 
Mast. 

Can i s t e r  26 l b  13.5 o z  

Mast ( inc lud ing  2-lb 10-oz c o a x i a l  cab le )  24 l b  8.0 oz  

Antenna mount & d u s t  cover 0 l b  7 .5  o z  

E l e c t r i c a l  c o n t r o l  box and cable  2 lb  8.0 oz 

TNC cab le  t e rmina l s  and r o t a t a b l e  cab le  0  l b  3.0 oz 
coupl ing 

T o t a l  54 l b  8.0 o z  

The volume o f  t h e  c a n i s t e r  i s  c a l c u l a t e d  t o  be approximately 
2.32 cubic  f e e t .  



RESULTS OF STRUCTURclL ANALYSIS 

A s t r u c t u r a l  a n a l y s i s  of  t h e  Lunar Antenna Mast was formu- 
l a t e d ,  based  on t h e  S todola  method invo lv ing  s u c c e s s i v e  approx- 
imat ions  t o  determine t h e  mast e q u i l i b r i u m  shape when it is 
t i l t e d  and loaded by  i t s  own weight  and a  concen t r a t ed  t i p  mass. 
The a n a l y s i s  accounts  f o r  e l a s t i c  d e f l e c t i o n s  of t h e  mas t ,  i nc lud -  
i n g  beam-column e f f e c t s  a s  w e l l  a s  t h e  f l e x i b i l i t y  of  t h e  b a s e  
c o n s t r a i n t .  Th i s  l a t t e r  c o n s i d e r a t i o n  i s  due t o  t h e  e c c e n t r i c i t y  
w i t h  which t h e  t h r e a d s  of  t h e  deployment n u t ,  b e a r i n g  on t h e  
r o l l e r  l u g s  of  t h e  mast ,  r e a c t s  t h e  a x i a l  l oads  i n  t h e  longerons .  
The a n a l y s i s  was programmed f o r  au tomat ic  d i g i t a l  computer so lu-  
t i o n s  which prod-uced t h e  fol lowing r e s u l t s .  

R e s u l t s  f o r  Lunar Environment 

For t h e  t o t a l  m a s t  weight  ( e a r t h )  of 23.75 lb (1170 i n .  
l e n g t h )  ex tending  above t h e  c a n i s t e r  suppor t  l e v e l ,  w i t h  t h e  
c a n i s t e r  base  t i l t e d  a t  5 degrees  from v e r t i c a l ,  and a  t i p  weight  
( e a r t h )  of  3.469 lb (3- lb  antenna + 0.469-1b d u s t  p l a t e  and 
an tenna  mount),  it was determined. t h a t  t h e  maximum bending moment 
on t h e  mast is 313.8 i n .  -1b. The corresponding t i p  d i sp lacement  
from t h e  v e r t i c a l  was found t o  be  127.9 i n .  , i n c l u d i n g  27.8 i n .  
of e l a s t i c  d e f l e c t i o n ;  

Another set  of  c a l c u l a t i o n s  was performed t o  determine t h e  
m a x i m u m  tilt ang le  t h e  1170-in. l e n g t h  of m a s t  w i t h  t h e  same t i p  
m a s s  cou ld  wi th s t and  i n  t h e  l u n a r  environment. The r e s u l t i n g  
l i m i t  w a s  a 6.8-degree b a s e  tilt ang le  which produced a maximum 
bending moment of  439 i n .  -1b w i t h  179 i n .  t i p  d e f l e c t i o n .  Thus, 
t h e  p r e s e n t  m a s t  p rov ides  a s a f e t y  margin of  0.36 r e l a t i v e  t o  
t h e  s p e c i f i e d  requirement  f o r  a 5-degree tilt angle .  

R e s u l t s  f o r  E a r t h  Environment 

A s  a gu ide  f o r  earth-bound t e s t i n g ,  t h e  same type  o f  a n a l y s i s  
w a s  performed t o  determine t h e  c a p a b i l i t y  of t h e  mast i n  e a r t h  
g r a v i t y .  I n  t h i s  a n a l y s i s  it was assumed t h a t  t h e  3- lb  an tenna  
would n o t  be  p r e s e n t ;  on ly  t h e  0.469-1b t i p  mass of t h e  d u s t  
cover  p l u s  t h e  antenna mount. The r e s u l t s  a r e  p l o t t e d  i n  F igu re  
5 as extended mast h e i g h t  ve r sus  tilt angle .  These r e s u l t s  
r e p r e s e n t  tilt a n g l e s  which a r e  1/1.36 of  t h e  tilt a n g l e  which 



w i l l  cause f a i l u r e  of t h e  mast, They thus  r e p r e s e n t  t h e  same 
s a f e t y  margin a s  e x i s t s  for t h e  lunar  case.  

The t e s t  p o i n t s  i n d i c a t e d  on Figure 5 ,are those  t o  which t h e  
mast was exposed. i n  t h e  acceptance t e s t s ,  which a r e  d iscussed  i n  
t h e  next  s e c t i o n  of t h i s  r e p o r t .  



ACCEPTANCE TESTS 

Two pre-de l ivery  acceptance t e s t s  of  t h e  mast were planned 
t o  demonstrate compliance with performance s p e c i f i c a t i o n s  of the  
c o n t r a c t  and t h a t  it was f r e e  of cons t ruc t ion  d e f i c i e n c i e s .  The 
t e s t s  were planned a s  follows: 

. T e s t  No. 1 - t h r e e  cyc les  of deploying t h e  mast v e r t i c a l l y  
t o  f u l l  h e i g h t ,  then r e t r a c t i n g  it. 

. Tes t  No. 2 - two cycles of deploying t h e  mast a t  an angle  
of 4.25 degrees,  t o  a  he igh t  of '  600 inches,  then r e t r a c t -  
ing  it. 

I n  each t e s t  t h e  mast was, of course ,  t o  be ac ted  upon by 
t h e  g r a v i t y  environment of t h e  e a r t h .  The t i p  load i n  each t e s t  
was 0.647 l b ,  the  weight of t h e  m a s t ' s  t o p  sp ide r  frame and d u s t  
cover p l u s  an eye b o l t ,  weighing an a d d i t i o n a l  0.178 l b ,  t o  which 
a  s a f e t y  t e t h e r  l i n e  was a t tached.  

The purpose of Tes t  No. 1 was t o  demonstrate t h a t  t h e  mast 
could be r e l i a b l y  deployed t o  i t s  f u l l  length  wi th in  t h e  desig-  
na ted  time l i m i t  of 10 minutes. Tes t  No. 2 was t o  demonstrate 
t h a t  t h e  s t r e n g t h  of t h e  mast was s u f f i c i e n t  t o  withst-and t h e  
bending moment c a l c u l a t e d  t o  r e s u l t  from t h e  s p e c i f i e d  lunar  
condi t ion  of f u l l - l e n g t h  deployment, wi th  t h e  base t i l t e d  a t  5 
degrees and a  t i p  mass of 3  l b  ( e a r t h  weight ) .  I t  was c a l c u l a t e d  
t h a t  a  maximum bending moment of 345.2 in . - lb  would r e s u l t  from 
t h e  cond i t ions  of Tes t  No. 2. That bending moment i s  approximately 
10 pe rcen t  g r e a t e r  than t h a t  c a l c u l a t e d  t o  r e s u l t  from t h e  spec i -  
f i e d  lunar  condi t ion  and was accordingly considered t o  be  a  
s u f f i c i e n t  t e s t  t o  demonstrate t h e  s t r u c t u r a l  c a p a b i l i t y  of t h e  
mast t o  meet t h e  lunar  requirement. 

The t e s t s  were performed June 8 and 9 ,  1970 i n  a  deac t iva ted  
T i t an  11 launch c e l l  a t  Vandenberg AFB, Ca l i fo rn ia .  The launch 
c e l l  was s e l e c t e d  s o  a s  t o  conduct t h e  t e s t s  i n  a  wind-free 
environment. The mast, mounted on a  l e v e l  i n  t h e  c e l l  a t  approx- 
imately 115 f e e t  below ground, is shown i n  Figure 6. A l i g h t -  
weight t e t h e r  l i n e  a t t ached  t o  t h e  top  of t h e  mast and passed over 
a p u l l e y  a t  ground l e v e l  was kep t  s l i g h t l y  t a u t  during deployment 
and r e t r a c t i o n  of the  mast. This  was a s a f e t y  measure t o  prevent  
damage t o  t h e  mast i n  t h e  event  of i t s  col lapse .  The m a s t  i s  



shown i n  F igu re  7 i n  i t s  p a r t i a l l y  extended c o n f i g u r a t i o n  du r ing  
T e s t  No. 2. 

The r e s u l t s  of  t h e  t e s t s  were a s  fol lo 'v~s:  

T e s t  No. 1 - The mast was success fu . l ly  deployed t o  f u l l  
h e i g h t  and r e t r a c t e d  t h r e e  t imes ,  A s l i g h t  tilt a n g l e  was 
p r e s e n t ,  a s  i n d i c a t e d  by t h e  t e s t  p o i n t  p l o t t e d  on t h e  graph i n  
F igu re  5. The t ime r e q u i r e d  f o r  deployment w a s  9 minutes  5 1  
seconds ,  and t h a t  r e q u i r e d  f o r  r e t r a c t i o n  was 9  minutes  36 sec-  
onds. Some o s c i l l a t o r y  motions o f  t h e  mast were induced by t h e  
deployment mechanism d-uring deployment and r e t r a c t i o n .  S l i g h t  
t e n s i o n  w a s  h e l d  on t h e  t e t h e r  l i n e  du r ing  some phases  o f  t h i s  
t es t ;  however, t h e  t e n s i o n  was r e l e a s e d  p e r i o d i c a l l y  t o  e s t a b -  
l i s h  t h a t  o s c i l l a t i o n s  were n o t  s u f f i c i e n t l y  s e v e r e  t o  produce 
f a i l u r e  of  t h e  mast. Tension was a l s o  r e l e a s e d  each t ime t h e  
m a s t  w a s  f u l l y  ex tended ,  t o  demonstra te  i t s  f r ee - s t and ing  
c a p a b i l i t y  a t  t h a t  h e i g h t .  

T e s t  No. - 2 - The mast was tw ice  deployed and r e t r a c t e d  wi th  
i t s  b a s e  t i l t e d  a t  approximately  4.25 deg rees  ( s e e  t e s t  p o i n t  on 
F igu re  5 ) .  

During one of  t h e s e  two t e s t s  d e f l e c t i o n  o f  t h e  m a s t  w a s  
measured as 27.15 i n .  a t  a h e i g h t  of 296 i n .  above t h e  c a n i s t e r  
w h i l e  t h e  m a s t  t i p  was a t  600 i n .  The moment and d e f l e c t i o n  
c a l c u l a t i o n s  t a b u l a t e d  on t h e  fo l lowing  page f o r  t h e  t e s t  condi-  
t i o n  o f  4.25-degree tilt and 600-in. ex t ens ion  show t h a t  def l ec -  
t i o n  a t  t h e  296-in. l e v e l  should have been about  2 4  i n .  Therefore  
t h e  m a s t  was a c t u a l l y  t i l t e d  s l i g h t l y  more than  4.25 d e g r e e s ,  and 
t h e  b a s e  moment was g r e a t e r  t han  t h e  l i s t e d  va lue  of 345.2 in . - lb .  



C a l c u l a t e d  Mast  D e f l e c t i o n s  and Bending Moment for 
T e s t  No.  2 

Length = 600 i n .  Tilt a n g l e  = 4.25" 
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CONCLUSION 

It  is  concluded t h a t  t h e  eng inee r ing  model of t h e  Lunar 
Antenna Mast has  e s s e n t i a l l y  met a l l  t h e  s p e c i f i e d  c o n d i t i o n s  
and i s  s u i t a b l y  r e l i a b l e  f o r  e v a l u a t i o n  t e s t i n g  by NASA w i t h i n  
t h e  bounds i d e n t i f i e d  i n  F igure  5. 



Figure  1- Lunar Antenna Mast - Engineer ing Model 





F i g u r e  3 .  Close-up of Top o f  C a n i s t e r  and M a s t  

14. 





Tip mass = 0 .469  lb 

Mast mass = 0.0203 l b / i n .  
T e s t  N o .  1 
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L i m i t  e r e c t i o n  a n g l e  (deg)  

F i g u r e  5. C a p a b i l i t y  of Lunar Antenna Mast i n  E a r t h  G r a v i t y  



F i g u r e  6 .  Lunar Antenna Mast - Ready f o r  Test 

F i g u r e  7 .  P a r t i a l l y  Deployed Luna r  Antenna Mast 
During P re -de l i ve ry  T e s t  


