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SUMMARY 
" - 

The knowledge of the dynamics of an Apollo-type vehicle landing at 
various -speeds, a t t i tudes anu i n  different  landing mediums was desired, 
Model t e s t s  were conducted on water, sand, and concrete. 

On water, the best  landing a t t i tude  was found t o  be a positive 
angle of impact with the center of gravity aft. 

sand, a negative angle of impact with the  center of gravity aft 
i s  the  optimum position; however, with the  center of gravity forward 
and with a negative angle of impact, the model performed sa t i s f ac to r i ly  , 

On concrete, a s t ruc tura l ly  similar model i s  necessary f o r  accuracy 
but it is believed tha t  a negative angle of impact i s  desirable.  

INTRODUCTION 

Due t o  insufficient information regarding the behavior of the 
Psoject Apollo Command Module a t  touchdown, a study of the landing 
dynamics of the vehicle was in i t i a t ed .  The t e s t s  reported herein were 
conducted simulating landing speeds of 10 f e e t  per second through 
50 f e e t  per second horizontally and 30 f ee t  per second ver t ica l ly  on 

1 
water, sand, and concrete. Two -dynamically-scaled models were used 

10  
dwing the  t e s t s  t o  determine the  most desirable conditions of impact 
angle and velocity a t  which t o  land the  capsule. 

APPARATUS AND PROCEDURE 

1 
The t e s t s  were conducted with two s s c a l e  models constructed of 

f i b e r  glass and plast ic .  One model was used f o r  the sand and water t e s t s  
and the  other fo r  concrete t e s t s .  Pertinent dimensions and moments of 
i n e r t i a  fo r  the two models a re  l i s t e d  i n  tab le  I. 

Figure 1 shows the t e s t  r i g  used during the model t e s t s .  The model 
was suspended by three mounting rods beneath the r i g .  The horizontal 
velocity was obtained by pulling the model and t e s t  a p ~ a r a t u s  back u n t i l  
the distance between the'equilibrium position and the pullback posit ion 
was suff ic ient  t o  produce the desired velocity. When the t e s t  r i g  



reached the bottom of i t s  asc a f t e r  i t s  release a stop cable becamg tau t  
and stopped the t e s t  r ig ,  but permitted the model t o  move ahead at the  
desired horizontal yelocity and angle of attack. The ver t ica l  velocity, 
which was held constant (30 fee t  per second) throughout the t e s t  program, 
was determined by the distance fromthe impact surface t o  the bottom of 
the model. Scale horizontal velocities from 10 fee t  per second through 
50 fee t  per second were investigated with angles of impact v q i n g  from 
-30° t o  &oO. The calm water t e s t s  were conducted i n  NASA Langley 
Research Center Tank No. 2, which has a water depth of 6 f ee t .  The 
sand t e s t s ,  using dry Standard Ottawa tes t ing  sand, and the  concrete 
t e s t s  were conducted i n  the shop area of Tank. No. 2. 

Movies of the t e s t s  were made a t  128 frames per second. The proc- 
essed film was then examined t o  determine the angle of impact and the  
pitch angles. 

RESULTS AND DISCUSSION 

Results of the  model t e s t s  are shown on plots with the  center of 
gravity in  both the forward and aft positions for  water, sand, and 
concrete landing surfaces. These plots  show the  angle of impact versus 
the i n i t i a l  pitch angle. 

Water Landings 

Center of gravity a f t  .- Figure 2 shows the resul t s  of the  t e s t s  
with the  center of gravity i n  the  a f t  position. Data points tha t  have 
been blacked sol id indicate the  t e s t s  during which the  model turned 
over. Minimum pitch angles were experienced when the  impact angle was 
on the order of 20° t o  30°, regardless of the horizontal velocity. 
Figure 3 shows a photographic sequence of a 16O angle of impact a t  a 
horizontaJ- velocity of 40 fee t  per second. 

For horizontal veloci t ies  of 40 and 50 fee t  per second with angles 
of impact of $5O or less,  the model had a tendency t o  leave the water, 
pitch bottom-forward and turnover. Figure 4 i s  a photographic sequence 
of a - l 5 O  angle of impact a t  a horizontal velocity of' 40 feet. per second. 

Center of gravity forward.- Results of these t e s t s  are shown on 
f igure?.  Half-solid points represent t e s t s  during which the model 
turned over or tumbled i n  pitch. Turnover points were recorded a t  
negative angles of impact with horizontal veloci t ies  of 20 fee t  per sec- 
ond and 50 f ee t  per second and a t  positive angles of impact with the 
horizontal velocity of 30 fee t  per second. A t  veloci t ies  of 



10 fee t  per second and 40 f ee t  per second, the model appeared t o  be 
nontumbling regardless of the a t t i t ude  a t  impact. This landing position 
would not be desirable bacause of the ease with which the  mode3 turned 
over. This tumbling i s  caused by the  following sequences of events: 
when the model pitches forward i n  a bottom-aftward direction, the  
followup wave caused by the i n i t i a l  impact s t r ikes  the model and t h i s  
wave force together with the  moment produced by the of fse t  center of 
gravity being i n  the direction of rotat ion causes the  model t o  t i p  over. 

Sand Landings 

Center of gravity a f t  .- Results of these t e s t s  axe shown on 
f igure 6. Turnover i s  represented by the so l id  points. With a nega- 
t i v e  angle of impact the model was found t o  be nontumbling throughout 
the  en t i r e  speed range. The model would impact a t  a negative angle, 
pi tch bottom-forward and then p i tch  bottom-aftward i n  a rocking motion. 
I f  the model impacted with a posit ive angle, the  tendency was t o  pi tch 
bottom- aftward and turnover. 

Center of gravity forward.- The resu l t s  f o r  t h i s  parameter are 
shown i n  figure 7. The so l id  points again represent turnover. The two 
center-of -gravity locations, forward and aft, appeared t o  be similar 
f o r  the  s a n d t e s t s .  By comparison of figure 6 with figure 7, it can be 
seen t h a t  a s l ight ly  higher posit ive angle of impact can be tolerated 
with the  center of gravity i n  the  aft position. Figure 8 i s  a photo- 
graphic sequence during which the  model performed sa t i s f ac to r i ly  of 
- 1 5 O  angle of impact a t  40 f e e t  per second with the center of gravity 
forward. Figure 9 shows a tumbling drop with an angle of impact of 
+~7' at 40 f ee t  per second with the  center of gravity forward. 

Concrete Landings 

Results from the concrete t e s t s  were poor because the  model was 
b u i l t  with a high r i g i d i t y  t o  withstand the  impact. This high r i g i d i t y  
caused the model t o  bounce severely. The t e s t s  were l imited f o r  fear  
tha t  t he  model would be damaged under a large number of t e s t s ;  however, 
with the  center of gravity forward nontumbling drops were obtained a t  
-15' angle of impact with horizontal veloci t ies  of 20 and 10 f ee t  per sec- 
ond and a t  -20° angle of impact with a horizontal velocity of 
10  f e e t  per second. With the center of gravity a f t  nontumbling drops 
were obtained a t  -8O anh -11' angle of impact with a horizontal velocity 
of 20 f e e t  per second and - 1 5 O  angle of impact with a horizontal velocity 
of 10 f e e t  per second, 



As a result of the tests, the following recommendations are made: 

1. On water, the best landing attitude is a high positive angle 
of impact with the center of gravity aft. 

2. On sand, the best landing attitude is a negative angle of 
impact with the center of gravity aft. However, a negative angle of 
impact with the center of gravity forward is satisfactory. 

3. For landings on concrete, a structurally similar model is 
needed to give accurate results; however, it is believed that a 
negative angle of impact i a  desirable for a hard surface landing. 
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