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OF LOAD-ALLEVIATING STRUTS ON A MODEL OF A 

WINGED SPACE VMICLF: 

By Ulysse J. Blanchard 

SUMMARY 

A br ie f  experimental investigation was made of the landing-impact 
cha rac t e r i s t i c s  of a 1/9-scale dynamic model of a winged space vehicle.  
The landing t e s t s  were made by catapulting a f r e e  model onto a hard; 
surface runway and onto water. The model had a conical fuselage and 
a f l a t - p l a t e  wing with a basic d e l t a  planform and 75' sweepback of the 
leading edge. The use of yielding-metal shock absorbers and various 
landing-gear arrangements was  investigated during landing impact. 

The basic landing gear consisted of a dual rubber-t ired nose wheel 
and twin main skids a f t  of the center of gravi ty  near the wing t i p s .  
Ianding motion and accelerat ion da ta  were obtained over a range of 
landing a t t i t udes ,  gross weights, and i n i t i a l  sinking speeds. Brief 
t e s t s  were made with an a l t e rna te  nose-wheel location. An a l l - sk id  
configuration a l s o  was b r i e f l y  evaluated f o r  hard-surface and water 
landings. 

The landing gear employing yielding s t r u t s  f o r  impact-energy 
absorption during hard-surface landings resu l ted  i n  accelerat ions of 

approximately 5g near the nose gear over a range of landing parameters. 

Replacing the  nose wheel and t i r e  with a skid d id  not s ign i f i can t ly  
change the  accelerat ions.  Landings in  smooth water with r i g i d  s t r u t s  
and adequate planing area at  the  nose skid resu l ted  i n  a maximum landing 
accelerat ion of approximately 4g. 
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INTRODUCTION 

The penalty f o r  excess weight has been increased many f o l d  i n  t h e  
t r a n s i t i o n  from a i r c r a f t  t o  spacecraft. 
c r a f t  type of take-off and the probabili ty of infrequent landings of 
space vehicles,  simplified landing-gear systems a r e  feas ib le .  In  order 
t o  reduce w e i g h t  and increase simplicity and r e l i a b i l i t y ,  t he  use of the  

With the  elimination of air- 
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energy-absorption propert ies  of a yielding metal w a s  considered as an 
al ternate  t o  conventional oleo systems f o r  winged space vehicles.  

An.existing t e s t  technique has been adapted and a b r i e f  inves t i -  
gation m a d e  t o  obtain landing-impact da t a  of spec ia l  landing-gear systems 
on hard surface and on water. Impact accelerations and behavior were 
obtained with a f r e e  dynamic model representat ive of a winged space vehicle 
landing on a hard-surface runway at the  monorail f a c i l i t y  of t he  Langley 
Research Center. 
X-15 airplane) w a s  t e s t ed  over a range of landing t r i m s ,  gross weights, 

A skid and wheel landing gear ( the  type used f o r  t h e  

An a l t e rna te  nose-wheel gear location and an all-  and sinking speeds. 
skid configuration were b r i e f l y  investigated.  A f e w  smooth-water 9 
landings a l s o  were made with an al l -skid gear. 
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DESCRIPTION OF THE MODEL 

The general arrangement of t he  l /g-scale dynamic model and d e t a i l s  
of t h e  nose-wheel and shock-strut arrangement are shown i n  f igures  1 
and 2, respectively.  Per t inent  dimensions and charac te r i s t ics  are given 
i n  tab le  I. Photographs of t h e  model with various landing-gear config- 
urations a re  shown i n  f igure  3.  

.. 
1 

The model had a f l a t -p l a t e  wing with a basic  d e l t a  planform 
(75' leading-edge sweepback) and w a s  constructed of ba lsa  and hardwood 
covered with a t h i n  plastic-impregnated glass-cloth skin.  The detach- 
able  conical fuselage was constructed of plastic-impregnated g lass  c loth.  
The launching brackets and landing-gear components were made of aluminum. 
The basic landing gear ( f ig .  3 fa ) )  w a s  a t r i c y c l e  arrangement consis t ing 
of a pair  of main-gear skids located behind t h e  center of gravi ty  near 
t he  wing t i p s  and a nose wheel located well  forward. The dual, corotat ing 
pose wheel had so l id  rubber t i r e s  mounted on aluminum rims ( d e t a i l s  i n  
f i g .  2 ) .  
aluminum s t r u t  which incorporated the  necessary wheel t r a i l  f o r  s t ab le  
castering charac te r i s t ics .  During impact t he  s t r u t  yielded i n  bending 
without impeding t h e  ro t a t ion  of t he  wheels (see f i g .  4 ) .  
p i t ch  main-gear skids were attached t o  r i g i d  s t r u t s  by similar compliable 
shock-absorbing elements (see f i g .  3(a) 1. 
f o r  shock absorption was approximately 1'7 inches (fill sca le)  f o r  a l l  
s t r u t s .  
components and with subsequent depression of t h e  shock-absorbing elements 
t h e  wing w a s  at a negative angle of a t tack.  

The nose wheel w a s  attached t o  a spindle block by a compliable 

The free-to- 

The free-streke lergtk: pro-tided 

S t r u t  lengths were such t h a t  with contact of a l l  three gear 



For the  al l -skid configuration ( f ig .  3 (b) ) ,  a 
and planform as the  main skids w a s  substi tuted fo r  
landings were m a d e  with the  o r ig ina l  nose skid and 
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skid of t he  same s i z e  
the  nose wheel. Water 
with a modified nose 

skid ( f i g .  3(c)) having twice the  or iginal  planing-surface area and a 
1 6 O  angle of incidence. 
For water landings the  yielding s t ru t s  were removed and the  skids r ig id ly  
mounted. 

Main-skid incidence for  water landings w a s  2'. 
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APPARATUS AND PROCEDURE 

The monorail f a c i l i t y  of the  Langley Research Center w a s  used f o r  
t he  invest igat ion.  The launching apparatus and procedure are described 
i n  reference 1. The model i s  shown i n  f igure  ?(a) on the  monorail 
launching carriage.  
launching a t t i t ude  and the  model maintained approximately t h i s  a t t i t u d e  
during free g l ide  onto the  runway. The model w a s  landed on the  runway 
surface shown i n  f igure  5(b) .  

The elevators  were s e t  f o r  trimmed f l i g h t  at the  

The hard landing surface (runway) w a s  a plywood deck above the  tank 

water leve l .  Heavy wood-frame panels were covered with 1 - inch plywood 

and supported on adjustable s t e e l  tables  mounted on the  f loo r  of t h e  
towing tank. The landing surface was  72 feet long. A t  t he  end of t h i s  
run the  m o d e l  dropped of f  i n t o  t h e  water where it w a s  arrested by a 
b a r r i e r  screen. 

2 

The range of parameters investigated with the  basic  main-skid-nose- 
wheel gear with shock s t r u t s  during hard-surface landings included 
launching a t t i t udes  of l3O t o  20°, gross weights of 5,000 t o  7,000 pounds 
(fill sca l e ) ,  and sinking speeds of % t o  12 f e e t  per second ( f u l l  s ca l e ) .  

The nose wheel on a r i g i d  s t r u t ,  the a l l - sk id  gear with shock s t r u t s ,  
and the  modified nose skid f o r  water landings were b r i e f l y  t e s t ed  at one 
condition of launch a t t i tude ,  gross weight, and sinking speed. 

Normal accelerations were measured by accelerometers i n s t a l l e d  on 
the  wing upper surface at the  node l i nes  for  t he  f i rs t  mode of v ibra t ion  
of t h e  m o d e l  (near t he  nose and m a i n  gear ( f ig .  l)), minimizing t h e  input 
t o  t h e  accelerometers due t o  s t ruc tu ra l  vibrat ions.  
type accelerometer with a na tura l  frequency of  625 cycles per second was 
used near t h e  nose gear and a 2% unit  with a na tura l  frequency of 
165 cycles per second near t h e  m a i n  gear. Natural frequencies of t h e  
recording galvanometers were 100 and 150 cycles per second f o r  t he  5Og un i t  
and t h e  20g un i t ,  respectively.  A t r a i l i n g  cable, propelled along an 
overhead guide w i r e  by a push-rod and rubber-band arrangement ( f i g .  5 (b ) ) ,  
w a s  used t o  transmit t he  accelerometer s igna ls  t o  an oscil lograph recorder. 

A 50g strain-gage- 
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A motion-picture camera located at t h e  s ide of the  towing tank recorded 
general behavior and motion-time h i s to r i e s .  

FJ3SULTS AND DISCUSSION 

A short  motion-picture film supplement of t yp ica l  hard-surface and 
water landings i s  avai lable  on loan. 
of t he  fi lm w i l l  be found a t  the  end of t h i s  paper, on the  page imn;edi- 
a t e ly  preceding t h e  abs t rac t  page. 

A request card and a descr ip t ion  

Sequence photographs of t yp ica l  landings of t he  model on the  runway 
surface are shown i n  f igure  6. 
f o r  a l l  hard-surface landings and w a s  characterized by approach a t  a 
high angle of attack, touchdown on t h e  main gear, an angular r o t a t i o n  t o  
nose-wheel impact, and the  rol l -out .  Due t o  the  extreme aft  loca t ion  
of t he  main gear, i n i t i a t i n g  up-elevator def lec t ion  at touchdown had no 
apparent e f f e c t  upon the  rapid nose-down ro ta t ion .  

The general  behavior w a s  very s imi la r  

A typ ica l  tr im-acceleration t i m e  h i s tory  during t h e  s ign i f i can t  
portion of a hard-surface landing i s  p lo t ted  i n  f igure  7. 
contacted i n i t i a l l y  at point  A and the  model then pivoted about t h e  
main skids with the  a t t i t u d e  decreasing u n t i l  contact of the  nose wheel 
at point B. 
e ra t ion  which resu l ted  i n  a second main-gear impact at point  C .  The 
main-gear accelerat ions occurring before point C d id  not produce s t r e s s e s  
i n  t h e  main-gear s t r u t s  s u f f i c i e n t  t o  cause s ign i f i can t  deformation. 
Large s t r u t  deformations ( p l a s t i c  y i e l d )  occurred at point  B f o r  t h e  
nose gear and at point C f o r  t he  main gear. 

The main skids  

The nose-wheel impact produced a tail-down angular accel-  

The accelerat ions obtained at the  three  main points  of t he  landing 
sequence f o r  several  landings with the  main-skid-nose-wheel gear system 
are shown i n  f igure  8 p lo t ted  against  va r i a t ion  of launch a t t i t u d e ,  
gross weight, and i n i t i a l  sinking speed. Maximum accelerat ion measured 
near the main gear at i n i t i a l  main-gear contact ( f i g .  8(a))  w a s  approx- 
i m a t e l y  1 g  t o  2g f o r  a l l  the= conditions tes ted .  

Maximum accelerat ion measured near the  nose gear at i n i t i a l  nose- 

gear impact ( f i g .  8 (b ) )  w a s  approximately $g over a range of launch 

a t t i t u d e  from 13' t o  20°, gross weights of 5,OOO t o  7,000 pounds (f'ull 
s ca l e ) ,  and i n i t i a l  sinking speeds from 5 t o  12 feet  per second (full 
sca l e ) .  This was the  m a x i m u m  of a l l  accelerat ions measured at e i t h e r  
the  main or nose gear. It would be exoecte? t h ~ t  t h t s  % ? ~ ~ l . ~ ~ ~ % 5 G i i  
wouia be constant within the  range of a t t i t u d e  and sinking speed t e s t ed  
s ince the force required t o  cause y i e l d  of a given s t r u t  i n  the  p l a s t i c  
range of t he  s t r e s s - s t r a in  curve i s  constant and adequate s t roke w a s  
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avai lable .  
weight i s  not evident within t h e  accuracy of these data .  

The expected decrease i n  accelerations with increase i n  gross 

The accelerations measured a t  the main gear during t h e  nose-wheel 
impact (point C on f ig .  7)  are shown i n  f igure  8 (c ) .  
an increase i n  acceleration with increase of launch a t t i t ude  and i n i t i a l  
sinking speed, and par t icu lar ly  so with increase i n  gross weight. 
w a s  subsequently determined t h a t  t h e  main-gear shock s t r u t s  deformed beyond 
the  working s t roke and bottomed i n  m o s t  of the  landings at  higher a t t i tude ,  
sinking speed, and gross weight. 
shock-strut moment arm with accompanying increased force i rpu t  and 
increased acceleration values. With suf f ic ien t  f r e e  s t roke fo r  a l l  
conditions t h e  acceleration values would probably be of t he  order of 
those obtained at i n i t i a l  main-gear impact (point A ) .  Increasing the  
s t r u t  cross-sectional area i n  order t o  prevent bottoming would r e s u l t  
i n  somewhat higher accelerations.  

The trends ind ica te  

It 

This resu l ted  i n  a shortening of t he  

Moving the  nose-wheel gear aft  approximately two-thirds of t h e  
dis tance t o  t he  center of gravity reduced maximum accelerations at t h e  
nose gear by s l igh t ly  more than one-third, as seen i n  f igure 8(b). 
During these landings the  model exhibited a rocking tendency, pi tching 
down about t h e  nose wheel and l i f t i n g  t h e  main gear off t he  runway. 

Maximm acceleration measured for t he  nose-skid gear, shown i n  

f igure  8(b), w a s  approximately &$g. 

point  of the  s t r u t  and the  skid pivot (point  of force input)  was l e s s  
than t h a t  of the  wheel i n s t a l l a t i o n  and resu l ted  i n  a proportionate 
increase of the  force required f o r  yield.  
equivalent moment arm reduces acceleration values t o  approximately those 
obtained with the  nose wheel. 

The moment arm between the  bend 

Correcting these da t a  t o  an 

Smooth-water landings with t h e  el l -skid gear used for hard-surface 
landings resu l ted  i n  diving. Satisfactory landings were m a d e  with t h e  
modified nose skid having a planing area equal t o  twice t h a t  of t h e  
main skid.  The accelerations obtalned at the  three main points of the  
landing sequence fo r  several  landings on water are  shown i n  figure 9 .  
The maximum accelerations at the  main gear and the  nose gear were 
approximately 2g and hg, respectively. 
w e r e  r e l a t ive ly  mild and highly damped. 

Motions i n  a t t i t u d e  and r ise 

A summary of the  m a x i m u m  accelerations experienced at t h e  nose gear 
during landings of the  various configurations is  shown i n  f igure  10. 
With t h e  nose wheel mounted on a r ig id  s t r u t  at the  forward pos i t ion  a 
maximum acceleration of about 40g was measured. 
f o r  t he  wheel or skid (corrected t o  equivalent moment a r m )  with y i e l d  

The maximum accelerat ion 

s t r u t s  at the  forward posi t ion w a s  approximately 52g. Moving t h i s  gear 
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af t  reduced the  accelerat ion t o  about 3 g. 

resulted i n  maximum accelerations of approximately 4g. 
Landings i n  smooth water t 

CONCLUDING REMARKS 

The landing gear employing yielding struts f o r  impact energy absorp- 
t i o n  during hard-surface landings resu l ted  i n  maximum accelerat ions of 
approximately 

Replacing the  wheel and t i r e  with a skid d id  not s ign i f i can t ly  change 
the  accelerations.  Landings i n  smooth water with r i g i d  s t r u t s  and 
adequate planing area a t  the  nose skid resu l ted  i n  maximum landing accel- 
erat ion of approximately 4g. 

near the  nose gear over a range of parameters. L 
9 
5 
8 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va., August 2, 1960. 
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1. Christopher, Kenneth W.: Effect  of Shallow Water on the  Eydrodynamic 
Character is t ics  of a Flat-Bottom Planing Surface. NACA TN 3642, 1956. 



L 
9 

7 

TABU I.- PERTINENT CHARACTERISTICS AND DIMENSIONS OF THE VEHICLE 

General : 
Gross weight, l b  . . . . . . .  
W i n g  area, sq f t  . . . . . . .  
W i n g  loading, lb/sq f t  . . . .  
Moment of inertia: 

R o l l ,  s lug-ft2 . . . . . . .  
Pitch,  slug-ft2 . . . . . .  
Yaw, slug-& . . . . . . .  

span, f t  . . . . . . . . . . .  
Area, sq f t  . . . . . . . . .  

wing : 

Root chord, f t  . . . . . . . .  
Mean aerodynamic chord, 

f t . . . . . . . . . . . . .  

Fuselage : 
Length, f t . .  . . . . . . . .  
Diameter of base, f t  . . . . .  
me. . . . . . . . . . . . .  
Number . . . . . . . . . . . .  
Planform . . . . . . . . . . .  
Keel p r o f i l e  . . . . . . . . .  
Total  length, f t  . . . . . . .  
Beam, f t . .  . . . . . . . . .  
Area, sq f t  . . . . . . . . .  
Fla t  keel length, f t  . . . . .  
Skid contact area, 

s q f t  . . . . . . . . . . .  

Maln gear: 

Nose gear f o r  - 
Hard-surface landings - wheel: 

Number . . . . . . . . . . .  
Diameter, f t  . . . . . . . .  
Width, f t  . . . . . . . . .  
Tread, f t  . . . . . . . . .  

1/9-scale model 

6.8, 8.2, 9.6 
3.28 

2.1, 2.5, 2.9 

0.034 
0.215 
0.235 

1.59 
3.28 
3.33 

2.29 

1.87 
0.50 

Skid 
2 

Rectangular 
Rounded nose 

0.37 
0.05 
0.019 
0.29 

0.016 

2 
0.l25 
0.042 
0.083 

Water landings - skid: 
Number . . . . . . . . . . .  
Planform . . . . . . . . . .  1 

Rectangular 
(60’ vee step) 

Length, f t . .  . . . . . . .  0.67 
Beam, f t  . . . . . . . . .  0.062 
Planing area, sq f t  . . . .  0.040 

Full scale 

5,000, 6,000, 7,000 
266 

18.8, 22.6, 26.3 

2,000 
12,700 
13,900 

14.325 
266 

30. o 
20.6 

16.8 
5-25 

Skid 
2 

Rectangular 
Rounded nose 

393 
0.45 
1.5 
2.6 

2 
1.125 
0.375 
0.75 

1 
Rectangular 

(60’ vee s tep)  
6 

0.56 
3.2 
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L-60-4319 
Figure 4.- Photograph of model a f t e r  a landing, showing yielded shock 

s t r u t s .  
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(a )  Launching carr iage and model. 

c 

c 

(I.?! C ~ Z ~ ~ Z I  vtev of murivra i i  and runway. L-60-4320 
Figure 5.- Photograph of model on launching gear and landing on runway. 
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