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The Lunar Landing Research F a c i l i t y  i s  i n  the  West Area of the Langley Research 
Center. This f a c i l i t y  was constructed i n  1965 a t  a  cos t  of $3.5 mi l l i on  and 
was used by the  Apollo a s t ronau t s  a s  a  t r a i n i n g  simulator t o  study and p rac t i ce  
p i lo t ing  problems i n  the  f i n a l  phase of the lunar  landing mission. A l i s t  of 
the  Apollo as t ronauts  t h a t  t r a ined  on t h e  Lunar Landing Research F a c i l i t y  can 
be found i n  Appendix A a t  the  r ea r  of t h i s  nomination. 

The Lunar Landing Research F a c i l i t y  i s  an A-frame s t e e l  s t r u c t u r e  400 f e e t  long 
and 230 f e e t  high. Associated with t h i s  f a c i l i t y  i s  a  fu l l - sca l e  Apollo Lunar 
Excursion Module or LEM. Simulation of lunar  g rav i ty  i s  achieved by employing 
an overhead part ial-suspension system which provides a  l i f t i n g  force  by means 
of cables  ac t ing  through the  veh ic l e ' s  center  of g rav i ty  so a s  t o  e f f e c t i v e l y  
cancel a l l  but  one-sixth of e a r t h ' s  g r a v i t a t i o n a l  force.  The l i f t i n g  force  and 
v e r t i c a l  alignment of the  cables  a r e  cont ro l led  automatical ly through the  
ac t ion  of servo-controlled hydraul ic  d r ive  systems which power the  overhead 
t r ave l ing  br idge  crane and do l ly  un i t  mounted on the  l a rge  gantry s t ruc tu re .  
The bridge follows i n  the  down-range motion of the  veh ic l e ,  and the  under-slung 
dol ly  follows i n  the  cross-range d i rec t ion .1  

The cables  a r e  a t tached  t o  the  vehicle  by means of a  gimbal system which provides 
freedom of motion i n  p i t c h ,  r o l l ,  and yaw. This system cons i s t s  of a  swiveled- 
t r u s s  assembly d i r e c t l y  over the  cab and two v e r t i c a l  s t r u t s  a t tached  co the 
vehicle  on i t s  p i t c h  a x i s .  Load c e l l s  a r e  c a r r i e d  i n  the  v e r t i c a l  s t r u t s  t o  
sense cable force  for the  l i f t  servo system, and cable angle sensors  a r e  mounted 
on the bottom of the do l ly  t o  provide e r ro r  feedback s igna l s  fo r  the  bridge 
and dol ly  servo dr ive  systems. Automatic braking equipment b u i l t  i n t o  the  
servo dr ive  u n i t s  provide ah e x t r a  s a f e t y  f ea tu re .  The LEM can f l y  i n  a  space 
of about 180 f e e t  high, by 360 f e e t  long. and 42 f e e t  wide.2 

The LEM was constructed using many pieces of off the  shelf  equipment such a s  
the  H-34 he l icopter  cabin and landing gear shock s t r u t s .  Nitrogen gas was used 
to  pressur ize  the  f u e l  system which provided 90 percent hydrogen peroxide to  
the main l i f t i n g  body rocket  assembly and t o  the  20 a t t i t u d e  rocket  motors 
loca ted  around t h e  periphery of the  vehic le  frame. The cab of the LEM can 
accommodate two persons a t  t h e  same time. A common instrument panel i s  mounted 
between the  two p i l o t s .  At t i tude  cont ro ls  a t  the  r i g h t  hand s e a t  cons i s t  of a  
s e t  of s tandard foot  pedals for  yaw con t ro l  and a  two-axis side-arm con t ro l l e r  
used for  p i t c h  and r o l l  cont ro l .  The l e f t  hand s e a t  is provided with a  three- 
a x i s  s i d e  arm c o n t r o l l e r .  Thrust of the  main engines is con t ro l l ed  by e i t h e r  
p i l o t  with h i s  l e f t  hand using the  c o l l e c t i v e  p i t c h  l eve r s .  Weight of the 
vehic le  is 12,000 pounds, of which 3300 pounds was hydrogen peroxide f u e l ,  
giving a  f l i g h t  dura t ion  of s l i g h t l y  l e s s  than three  minutes.3 
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The Lunar Landing Research F a c i l i t y  permitted NASA t o  t r a i n  t h e  Apollo as t ronauts  
t o  f l y  i n  a  simulated iuna r  environment t h a t  produced LEM veh ic l e  dynamics. 
This t r a i n i n g  gave Neil Armstrong and o the r s  the opportuni ty t o  s a f e l y  experience 
the  dynamics of lunar  f l i g h t  while i n  a  cont ro l led  research  environment. 
Experience gained a t  t h e  Lunar Landing Research F a c i l i t y  enabled Neil Armstrong 
and o the r s  t o  t r a i n  with a  grea ter  degree of confidence on the  Lunar Research 
Training vehic le  a t  Houston and Edwards Air Force Base and eventua l ly  t o  journey 
t o  the moon i n  Ju ly  1969. 

The decision by President  John F. Kennedy t o  land a  man on the  Moon by 1969 
meant t h a t  NASA had t o  quickly determine the  method of accomplishing t h e  journey. 
NASA engineers evaluated three  means t o  do t h i s  by 1962: d i r e c t  a scen t ,  Earth- 
o r b i t  rendezvous (EOR), or lunar-orbi t  rendezvous (LOR). 

Direct ascent  t o  the  moon was ru l ed  out because of the  s i z e  of the  launch vehic le  
required t o  accomplish the  mission. The EOR concept was ru l ed  out  because two 
launch vehic les  were requi red  t o  meet mission requirements. NASA chose the  LOR 
concept which ca l l ed  for  a  s i n g l e  rocket  t o  launch two spacecraf t  i n t o  lunar  
o r b i t  where one would remain i n  o r b i t  while the  other  would decend t o  the  Moon. 
The vehic le  on the  Moon would then boost i t s e l f  back i n t o  lunar  o r b i t ,  rendezvous 
and dock with the  mother s h i p ,  which would then r e t u r n  t o  the Earth. 

While t h i s  was a  bold plan t h a t  held out  t h e  promise of achieving a  lunar  
landing by 1969 i t  presented many technica l  d i f f i c u l t i e s .  The LOR plan was 
based on the  premise t h a t  NASA t r a ined  as t ronauts  could master the  techniques 
of landing the  LEM on t h e  lunar  su r face  and re turn ing  t o  o r b i t  and docking with 
the mother ship. The Lunar Landing Research F a c i l i t y  was designed t o  solve one 
par t  of t h i s  problem, t h a t  i s ,  how t o  land men on t h e  sur face  of the  Moon. The 
need for  such a  f a c i l i t y  a rose  from the  f a c t  t h a t  there  was no d i r e c t  p a r a l l e l  
between t h e  unique p i l o t i n g  problems of the  LEM and normal a i r c r a f t  operat ing 
i n  Earth 's  atmosphere. Conditions encountered by the LEM were d i f f e r e n t  due t o  
the  Moon's l ack  of an atmosphere and low g r a v i t a t i o n a l  force .  For example, a  
vehic le  operat ing i n  the  v i c i n i t y  of the  Moon requ i re s  the  use of cont ro l  rockets  
which a r e  operated i n  an on-off manner, thereby producing abrupt  changes i n  
cont ro l  torques r a the r  than the  smoothly modulated cont ro l led  torques of a  
he l icopter .  Furthermore, inasmuch a s  t h e  LEM hovers with a  t h r u s t  equal t o  i t s  
weight, the  lunar  vehic le  hovers with only one-sixth of the  t h r u s t  requi red  t o  
hover the  same vehic le  i n  Ear th ' s  g rav i ty .  A s  a  r e s u l t ,  t h e  cont ro l  system 
c h a r a c t e r i s t i c s  i n  t r a n s l a t i o n  a r e  markedly d i f f e r e n t  from those of an Earth 
vehic le ,  thus precluding the  ex t rapola t ion  of r e s u l t s  i n  Earth condit ions t o  
lunar conditions. 
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The boundary of the  Lunar Landing Research F a c i l i t y  i s  shown a s  the  black c i r c l e  
on the accompanying map e n t i t l e d  "NASA, Langley Research Center,  Figure 1-4,  
W e ~ t  Area." 
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The Lunar Landing Research F a c i l i t y  was a l s o  used a s  a lunar-walking simulator 
for  the Apollo as t ronauts .  This was done by suspending the subjec t  on h i s  s i d e  
so t h a t  he was f r e e  t o  generate  walking movements on a plane inc l ined  t o  about 
80.5 degrees r e l a t i v e  t o  t h e  v e r t i c a l  d i r ec t ion  of e a r t h ' s  gravi ty .  Suspension 
for  t h e  t e s t  subjec t  was supplied by a s e r i e s  of s l i n g s  and cables  a t tached  t o  
a l ightweight  t r o l l y  which t rave led  f r e e l y  along an overhead t rack .  By varying 
the  angle of t h e  inc l ined  plane i t  was possible  t o  s imulate  other  g r a v i t a t i o n a l  
f i e l d s .  For example, t o  s imulate  the condit ion of weight lessness,  the walkway 
would be moved d i r e c t l y  under t h e  t r a c k  so that the  cables  were v e r t i c a l  and 
t h e  t e s t  subjec t  h o r i ~ o n t a l . ~  

The base of the Lunar Landing F a c i l i t y  was modeled with f i l l  d i r t  t o  resemble 
the  sur face  of the Moon. Pock-marked holes ,  p i t s  and c r a t e r s  resemble the  
lunar landscape encountered by Apollo 11 when i t  landed on the  Moon i n  Ju ly  
1969. 

The Lunar Landing F a c i l i t y  i s  i n t a c t  and r e t a i n s  almost a l l  of i t s  design 
i n t e g r i t y .  The f a c i l i t y  i s  now known a s  the Impact Dynamics Research F a c i l i t y  
and i s  used by NASA Langley for a i r c r a f t  impact s tud ie s .  The base of the 
f a c i l i t y  has been modified so that the  simulated lunar landscape is  gone and 
has been replaced by an impact runway t h a t  can be modified t o  s imulate  various 
types of c rash  environments. The complex cable  system t h a t  once c a r r i e d  the 
LEM now supports various t e s t  a i r c r a f t  i n  c rash  s tudies .  The lunar walkway has 
been removed. The LEM is on the s i t e  but  the  main engine and some of the 
cont ro ls  have been removed. The o r i g i n a l  e l ec t ron ic s  assoc ia ted  with the  s i t e  
a r e  i n  the  process of being upgraded t o  meet modern requirements of the  crash 
t e s t i n g  program. 

An i n s t i t u t i o n a l  r e h a b i l i t a t i o n  of the o f f i c e  port ion of the  f a c i l i t y  i s  now 
underway and w i l l  be completed by October 1, 1984. 
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Exper iences  ga ined  by t h e  Apollo a s t r o n a u t s  on t h e  Lunar Landing Research 
F a c i l i t y  i n d i c a t e d  t h a t  i t  was p o s s i b l e  t o  s u c c e s s f u l l y  master  t h e  compl icated 
s k i l l s  t h a t  were r e q u i r e d  t o  l a n d  t h e  LEM on t h e  Moon. Both Ne i l  Armstrong and 
Edwin Aldr in  t r a i n e d  t h e r e  f o r  many hours.  Only when they s u c c e s s f u l l y  mastered 
s k i l l s  n e c e s s a r y  t o  f l y  t h e  LEM would NASA approve p l a n s  f o r  t h e i r  h i s t o r i c  
f i r s t  l a n d i n g  on t h e  Moon i n  J u l y  1969. 

Because of  t h i s ,  t h e  Lunar Landing Research F a c i l i t y  was a n  i n d i s p e n s a b l e  Cool 
t h a t  enab led  NASA t o  l a n d  a  man on t h e  Moon by J u l y  1969. 
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Footnotes 

1. Donald E. Hewes, Reduced Gravity Simulator For Studies  of Man's Mobility 
In  Space And On The Moon. Report Presented a t  t h e  Human Factors Meeting, 
Dayton, Ohio, October 18-21, 1965 (Hampton, Va.: Langley Research Center,  

2. Ibid.  - 
3 .  w, 4. 

4. G, 1-2. 

5. No Author Given, Lunar Landing Research F a c i l i t y  (Hampton, Va.: Langley 
Research Center, 1969). p. 1-2. 
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FIGURE 1-2 
Combined East & West Area 
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