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FREE FLIGHT INVESTIGATION OF LARGE ALL-FLEXIBLE PARAWINGS 

AND PERFORMANCE COMPARISON WITH SMALL PARAWINGS 

FINAL REPORT 

Bv J . H .  Moel le r ,  E.M. L i n h a r t ,  W.M.  Gran and L.T. Parson 

Northrop Corpora t ion ,  Ventura  D i v i s i o n  

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  and a n a l y s i s  of t h e  r e s u l t s  

of a series of  twenty aer ia l  d rop  tests conducted w i t h  4000 sq f t  

planform a r e a  ( i n t e r m e d i a t e - s c a l e )  a l l - f l e x i b l e  parawings.  Both 

s i n g l e  k e e l  and tw in  k e e l  parawing models were t e s t e d ;  however, 

twin  k e e l  parawings were flown i n  e i g h t e e n  of t h e  twenty tests.  

The r e p o r t  a l s o  compares t h e  r e s u l t s  of  t h e  i n t e r m e d i a t e - s c a l e  

parawing tests w i t h  t h e  r e s u l t s  of tests p r e v i o u s l y  conducted w i t h  

400 s q  f t  planform area ( s m a l l - s c a l e )  a l l - f l e x i b l e  parawings.  

The a e r i a l  d r o p  tests w i t h  t h e  i n t e r m e d i a t e - s c a l e  parawings 

demonstrated t h e  f e a s i b i l i t y  of  t h e i r  deployment w i t h i n  t h e  p re -  

s c r i b e d  deployment envelope .  However, t h e  tests showed t h a t  t h e  

l a r g e r  parawings,  i n  t h e  c o n f i g u r a t i o n s  t e s t e d ,  were s u s c e p t i b l e  

t o  l o c a l i z e d ,  canopy c l o t h  damage i n  t h e  e a r l y  s t a g e s  o f  deploy-  

ment, p a r t i c u l a r l y  a t  t h e  h i g h e r  i n i t i a l  dynamic p r e s s u r e s .  

The tests coni i rmed t h e  nee? f o r  a f i v e - s t a g e  deployment 

p r o c e s s  t o  m a i n t a i n  deployment d e c e l e r a t i o n s  a t  o r  n e a r  t h e  3 G 

l e v e l .  Comparison of  deployment d e c e l e r a t i o n  test  d a t a  from 

s c a l e d  400 s q  f t  parawing t e s t s  w i t h  t e s t  d a t a  from 4000 sq  f t  

parawing tests i n d i c a t e d  t h a t  t h e  s c a l i n g  method used i n  t h i s  pro-  
# 

gram was n o t  wholly v a l i d .  j 
8 

For t h e  parawing i n  g l i d i n g  f l i g h t ,  t h e  tests showed t h e  

l a r g e r  parawings t o  be s t a b l e ,  c o n t r o l l a b l e ,  and r e s p o n s i v e  t o  i 
t 
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twin keel parawings demonstrated a maximum lift-to-drag ratio of 

2.5 to 2.75, depending on wing loading. Lift-to-drag modulation 

capability, using either rear-keel-suspension line retraction or 

tip-suspension-line retraction, was limited to approximately 0.5 

less than maximum L/D on the parawing configurations flown. These 

results were generally consistent with free-flight gliding perform- 

ance measured on the small-scale parawings. 



INTRODUCTION 

A deployable, aerodynamic-deceleration device capable of con- 

trolled, gliding flight is a promising approach to the problem of 

providing a land-landing capability for manned spacecraft. One 

such candidate device, called the "All Flexible Parawing," was 

initially developed by the NASA Langley Research Center. Further 

parawing technology development was carried out by the Northrop 

Corporation, Ventura Division, under Contract NAS 1-7467, adrninis- 

tered by the Langley Research Center. The overall plan of this 

program was to develop progressively larger parawings, beginning 

with "small-scale" parawings of 400 sq ft size, next with "inter- 

mediate-scale" parawings of 4000 sq ft size, and finally, with 

"full-scale" parawings of 10,000 to 12,000 sq ft size suitable 

for use with large spacecraft. The results of the small-scale 

program were reported in Reference 1. The results of the inter- 

mediate-scale program constitute the primary subject of this re- 

port. A secondary subject of this report is a comparison of the 

results of the intermediate-scale program with the results of the 

small-scale program. 

The intermediate-scale parawing program encompassed a series 

of twenty aerial drop tests of 4,000 sq ft parawings. Both single 

keel and twin keel parawing models were flown in these tests. How- 

ever, twin keel parawings were flown in eighteen of the twenty 

tests. Two basic types of aerial tests were flown: 1) parawing 

deployment tests on an instrumented, bomb-type test vehicle with 

the parawing at a fixed rigging, and 2) parawing gliding-flight 

tests on an instrumented, controllable, sled-type test vehicle. 1 
In the latter tests the systems were provided with both turn con- i 

trol and pitch control. All the intermediate-scale aerial drop 

tests were conducted at the DOD Parachute Test Facility, El Centro, : 

California. 
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SYMBOLS 

f l a t  p a t t e r n  wing span,  f t  

drag  c o e f f i c i e n t ,  D/qSW 

t o t a l  drag  a r e a  o f  parawing p i l o t  p a r a c h u t e ( s ) ,  f t  2 

load f a c t o r .  Ca lcu la ted  by d iv id ing  t h e  peak t o t a l  
s t a g e  load by t h e  product  o f  dynamic p r e s su re ,  q ,  a t  
i n i t i a t i o n  of t h e  s t a g e  and t h e  average r e f e r ence  
a r e a  , (CRSw) AVE, f o r  t h a t  s t a g e  of t h e  deployment 
process  

l i f t  c o e f f i c i e n t ,  L/qSW 

r e s u i t a n t  f o r c e  c o e f f i c i e n t  ,d- 
product  of r e s u l t a n t  f o r c e  c o e f f i c i e n t  CR, and 

2 r e f e r ence  wing a r e a ,  SW, f t  . Calcu la ted  by d iv id -  

i n g  t o t a l  parawing load  by wind co r r ec t ed  dynamic 
p r e s su re  

average CRSW f o r  g iven deployment s t a g e ,  f t  2 

drag 

diameter  

f o r ce ,  l b s  

suspension l i n e  peak load ,  l b s  

peak t o t a l  parawing load,  l b s .  Ca lcu la ted  by mul t i -  
p ly ing  t h e  peak measured t o t a l  load f o r  each s t a g e  
by t h e  r a t i o  of d.escent weight  t o  suspended weight 

peak measured t o t a l  load  i n  each deployment s t a g e ,  l b s  

r a t i o  of a c c e l e r a t i o n  t o  e a r t h  g r a v i t y  

h e i g h t  above mean s e a  l e v e l  

parawing k e e l  

l i f t  

parawing l ead ing  edge 
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LS parawing l i n e  s t r e t c h  e v e n t  

LT parawing l i n e  t r a n s f e r  even t  

l e n g t h  of  suspens ion l i n e  f r o n  bottom of s k i r t  o r  
k e e l  band t o  c e n t e r  of t o p  c r o s s  b a r  of  l i n k  t o  
which suspension l i n e  i s  a t t a c h e d  

'K r e f e r e n c e  k e e l  l e n g t h  

'LT l e n g t h  of l e f t  t i p  suspens ion l i n e  

'RK l e n g t h  of  r e a r  k e e l  suspens ion l i n e ( s )  

e f f e c t i v e  r e e f i n g  l i n e  l e n g t h ,  i . ~ c l u d i n g  end 
a t tachments  f o r  non-continuous r e e f i n g  l i n e s  

R~~ l eng th  of r i g h t  t i p  suspens ion l i n e  

& R L / ~ K  e f f e c t i v e  r e e f i n g  r a t i o  

&T l e n g t h  of t i p  suspension l i n e  

average t i p  s e t t i n g  - r a t i o  of  t h e  average l e n g t h  of ( ' T / ~ ~ ) A v '  t h e  l e f t  and r i g h t  t i p  suspens ion l i n e s  t o  t h e  
r e f e r e n c e  k e e l  l e n g t h  

MSL mean s e a  l e v e l  

PD programmer parachute  d i sconnec t  even t  

angular  v e l o c i t y  abou t  X-axis, r ad / sec  

dyanmic p r e s s u r e ,  l b s / f t  2 

r angu la r  v e l o c i t y  about  Z-axis, r ad / sec  

s i n g l e  k e e l  parawing t y p e  

r e f e r e n c e  canopy a r e a  of parawing, f t  2 

= 0 . 6 9 1 4 8 ~ ~ '  f o r  s i n g l e  k e e l  models 

= 0.7726kK2 f o r  twin k e e l  models 

parawing t r a i l i n g  edge 

twin k e e l  parawing type  

t i m e ,  s e c  

x v i i i  



f i l l i n g  time f o r  each s t a g e ,  s e c .  Measured from 
i n i t i a t i o n  of s t a g e  t o  maximum i n f l a t e d  parawing s i z e  

t i m e  from l i n e  s t r e t c h  t o  peak l o a d ,  s e c  

d e s c e n t  weight ,  l b s  

suspended weight ,  l b s  

u n i t  canopy load ing  (wing load ing)  t l b s / f t  2 

r e f e r e n c e  axes  system wi th  o r i g i n  a t  t h e  moment 
r e f e r e n c e  c e n t e r  

displacement  of a  sensor  from t h e  r e f e r e n c e  c e n t e r  

f i r s t  s t a g e  d i s r e e f  e v e n t  

second s t a g e  d i s r e e f  e v e n t  

t h i r d  s t a g e  d i s r e e f  even t  

movement of t i p  c o n t r o l  l i n e  o r  a f t  k e e l  c o n t r o l  
l i n e  from n e u t r a l  p o s i t i o n  

d i f f e r e n t i a l  t i p  s e t t i n g  - r a t i o  of  d i f f e r e n c e  i n  
l e n g t h  of r i g h t  and l e f t  t i p  suspens ion l i n e s  t~ 
r e f e r e n c e  k e e l  l e n g t h .  P o s i t i v e  va lues  i n d i c a t e  
r i g h t  t i p  suspens ion l i n e  i s  s h o r t e r  than  l e f t  t i p  
suspension l i n e  ( r i g h t  t u r n  i n p u t ) .  Negative va lues  
i n d i c a t e  l e f t  t i p  suspens ion l i n e  is s h o r t e r  than  
r i g h t  t i p  suspens ion l i n e  ( l e f t  t u r n  i n p u t )  

mass d e n s i t y  of a i r ,  s l u g s / f t 3  

t u r n  r a t e ,  deg/sec 

x i x  



SUMMARY OF SMALL-SCALE PARAWIWG PROGRAII 

GENERAL 

The smal l - sca le  parawing program was t h e  f i r s t  phase i n  a 

mult i -phase technology program e n t i t l e d ,  " I n v e s t i g a t i o n  of  Large- 

Sca le  Al l -F lex ib le  Parawings f o r  Spacecra f t  Recovery." The pur- 

pose of t h e  o v e r a l l  program was t o  a s t a b l i s h  t h e  s u i t a b i l i t y  of 
t h e  a l l - f l e x i b l e  parawing a s  a primary d e s c e n t  system f o r  l a r g e  

s p a c e c r a f t .  

SMALL-SCALE PROGRAM OBJECTIVES 

The o b j e c t i v e s  of  t h e  smal l -sca le  parawing program were a s  

fo l lows : 

1. I n v e s t i g a t e  and e v a l u a t e  parawing deployment mechanics 

and deployment l o a d s ,  d e f i n e  packing t echn iques ,  r e e f i n g  

methods and sequencing f o r  s a t i s f a c t o r y  parawing deploy- 

ment. 

2 .  Demonstrate s u c c e s s f u l  parawing deployment fol lowed by 

s t e a d y ,  trimmed g l i d i n g  f l i g h t .  

3. Obtain v e r i f i c a t i o n  of parawing r i g g i n g  f o r  s t e a d y  g l i d e .  

4 .  Develop o p e r a t i o n a l  procedures and tes t  crew t r a i n i n g .  

5. Obtain d s L a  f o r  d e f i n i n g  parawing s c a l i n g  r e l a t i o n s h i p s .  

6 .  Evaluate  parawing m a t e r i a l s  and parawing f a b r i c a t i o n  

techniques  and r e v i s e  a s  r e q u i r e d .  

7 ,  Incorpora te  a p p l i c a b l e  new parawing technology e s t a b -  

l i s h e d  i n  smal l - sca le  t e s t s  t o  t h e  des ign  of l a r g e  

parawings. 



SMALL-SCALE PROGRAM SCOPE 

The smal l - sca le  parawing program encompassed two wind t u x e l  
t es t  programs, a f r e e  f l i g h t  g l i d i n g  t e s t  s e r i e s ,  a s e t  of a e r i a l  

deployment v e r i f i c a t i o n  tests and a deployment drop test  s e r i e s .  

Table 1 p r e s e n t s  a summary of t h e  smal l - sca le  parawing program. 

The f i r s t  wind t u n n e l  t e s t  program was conducted i n  t h e  Langley 

Research C e n t e r ' s  30 f o o t  by 60 f o o t  f u l l - s c a l e  tunne l ;  t h e  sec- 

ond wind tunne l  t e s t  program was conducted i n  t h e  Ames 40 f o o t  

by 80 f o o t  t u n n e l .  The f r e e  f l i g h t  g l i d i n g  tests and t h e  a e r i a l  

deployment v e r i f i c a t i o n  t e a t s  were conducted a t  E l  Mirage Dry 

Lake, C a l i f o r n i a .  The deployment drop t e a t  s e r i e s  was c a r r i e d  

o u t  a t  t h e  DOD J o i n t  Parachute  T e s t  F a c i l i t y ,  E l  Centre ,  C a l i f o r n i a .  

The smal l -sca le  parawing test program was accomplished i n  t h e  per-  

iod  of September 1967 t o  August 1968. 

SMALL-SCALE PARAWING TEST SPECIMENS 

Tne wind t u n n e l  tests i n  t h e  LRC 30 f o o t  by 60 f o o t  f u l l - s c a l e  

t u n n e l  u t i l i z e d  1 5 - f t  kK s i n g l e  k e e l  parawings of 156 sq  f t  plan- 

form a r e a ,  and 1 5 - f t  kK twin k e e l  parawings of  174 s q  f t  planform 

a r e a .  A t o t a l  of  s i x  wings were f a b r i c a t e d  f o r  t h e s e  wind t u n n e l  

tests,  t h z e e  s i n g l e  k e e l  and t h r e e  twin k e e l  models. These s i x  

models were t e s t e d  i n  17 d i f f e r e n t  c o n f i g u r a t i o n s .  

The wind t u n n e l  t e s t s  i n  t h e  Ames 40 it by 80 f t  t u n n e l  u t i -  

l i z e d  a 1 5 - i t  kK s i n g i e  k e e l  parawing of  156 sq  f t  planform a r e a ,  

a 24-f t  kK s i n g l e  k e e l  parawing of 400 sq  f t  planform a r e a ,  and 

two 22.7-ft  a, twin k e e l  parawings of  400 s q  f t  planform a r e a  each.  . 

The f r e e  f l i g h t  g l i d i n g  t e a t s  a t  E l  Mirage Dry Lake i n v e s t i -  3 
ga ted  t h e  f l y i n g  c h a r a c t e r i s t i c s  of 24-f t  kK s i n g l e  k e e l  and 22.7- 

! 
f t  RK twin k e e l  parawings, a l l  of  400 sq f t  planform a r e a .  A 

t o t a l  of four  d i f f e r e n t  models were flown. None of t h e s e  models 1 
I 

had p rov i s ion  f o r  r e e f i n g .  i 
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The a e r i a l  deployment v e r i f i c a t i o n  tests a t  E l  Mirage Dry 

Lake and t h e  deploymment d rcp  tests a t  E l  Centro ,  C a l i f o r n i a ,  were 

conducted wi th  24-f t  LK s i n g l e  k e e l  parawings and 22.7-f t  tK twin 

k e e l  parawings, each of 400 sq  f t  planform a r e a .  A t o t a l  of s i x  

wings, t h r e e  s i n g l e  k e e l  and t h r e e  twin k e e l  models, were f a b r i -  

c a t e d  and flown. A l l  s i x  wings were provided w i t h  m u l t i - s t a g e  

r e e f i n g  systems . 
The r e e f i n g  systems selected from t h i s  t es t  prograrit were four -  

s t a g e  systems,  both f o r  t h e  twin k e e l  and t h e  s i n g l e  k e e l  para-  

wings. C h a r a c t e r i s t i c s  of t h e  s e l e c t e d  r e e f i n g  systems a r e :  

1. A l l  suspension l i n e s  i n i t i a l l y  equa l i zed  i n  l e n g t h  t o  

t h a t  of  the t i p  l i n e s  -- t h e  s h o r t e s t  suspens ion l i n e s  

c n  t h e  wing. 

2. Reefing l i n e s  ar ranged on t h e  pe r iphery  of  each l o b e  

of t h e  wing. 

3. A g a t h e r i n g  r e e f i n g  l i n e  a long t h e  t r a i l i n g  edges of  

t h e  wing. 

D e t a i l s  of t h e  s e l e c t e d  r e e f i n g  systems and t h e  deployment 

sequence f o r  t h e  s i n g l e  k e e l  and f o r  t h e  twin k e e l  parawing a r e  

p resen ted  i n  R e f e r e n c e l .  

SUMMARY OF RESULTS 

S i g n i f i c a n t  r e s u l t s  of  t h e  smal l - sca le  parawing program can 

be summarized as fo l lows:  

1. Maximum l i f t - t o - d r a g  r a t i o  achieved w i t h  t h e  s i n g l e - k e e l  

parawing was 2.7 i n  t h e  wind t u n n e l  and 2.3 i n  f r e e  

g l i d i n g  f l i g h t .  Comparable maximum L/D v a l u e s  f o r  t h e  i 

twin k e e l  were 3 . 4  i n  t h e  wind t u n n e l  and 2.97 i n  f r e e  i 

g3iding f l i g h t .  



amllmoP 

2. Maximum L/D for the small models was found to be sig- 

nificantly affected by tip-suspension-line length and by 

wing loading. 

3. L/D modulation capability, using rear keel line(s) re- 

traction, was limited to a reduction of approximately 

0.5 from maximum L/D, both for single keel and twin keel 

models. 

4. Successful deployment followed by steadv, trimmed glid- 

ing flight was demonstrated for both single- and twin- 

keel models, at altitudes up to 18,000 ft and dynamic 

pressures up to 100 psf. 

5. The selected mul-ti-stage reefing systems for the single- 

and twin-keel models demonstrated the feasibility of 

maintaining deployment load factors in the range of 3 

to 4 GIs or less. 

6. The selected reefing systems produced significant 

suspension-line-load variations from stage to stage, as 

a result of the non-uniform canopy area growth in the 

deployment sequence. 

7. Maximum turn rates of 125 degrees per second with the 

single keel models and 110 degrees per second with the 

twin keel models were achieved, using single-tip-line 

retraction. Turn rate was found to be a linear function 

of control line movement for both wing types. 

A com~lete description of the small-scale parawing program, 

including descriptions of the models flown, test results, data 

analyses, and conclusions, is contained in Reference 1. 



SUwlARY OF INTERMEDIATE-SCALE PARAIIIEJG PROGRAM 

GENERAL 

The intermediate-scale parawing program was the second phase 

in a multi-phase technology program entitled, "Investigation of 

Large Scale All-Flexible Parawings for Spacecraft Recovery." The 

purpose of the overall program was to establish the suitability of 

the all-flexible parawing as a primary descent system for large 

spacecraft. 

INTERMEDIATE-SCALE PROGRAM OBJECTIVES 

The objectives of the intermediate-scale parawing program 

were as follows: 

1. Demonstrate successful parawing deployment with a 5000 

pound payload, at a wing loading of 1.25 psf in the 

altitude range of 3000 to 18,000 feet and at dynamic 

pressures from 30 to 100 psf. The developed parawing 

will have minimum weight and packed volume, consistent 

with safety. 

2. Obtain deployment loab data and information on parawing 

design details, fabrication techniques, and deployment 

system for application to the full-scale parawing. 

3. Demonstrate transition from deployment to stable, 

trimmed gliding flight for a wing loading of 1.25 psf. 

4. Obtain quantitative effects of wing loading on parawing 

flight characteristics and rigging for trimmed flight. 

5. Obtain quantitative data at a wing loading of 1.25 psf 

and evaluate the effects of wing loading on control 

forces, rates, travel, and vehlcle response to control 

inputs. B 1 



6. Define a suitable control mode for pitch control. 

7. Evaluate the system landing capabilities and obtain 

quantitative data pertinent to approach and landing 

touchdown conditions. 

8. Obtain data for defining parawing scaling relationships. 

9. Demonstrate that the parawing system can satisfy its 

design requirements without damage to the canopy, sus- 

pension lines or risers. 

INTERMEDIATE-SCALE PROC,RJ+II SCOPE 

The intermediate-scale parawing program consisted of a series 

of aerial drop tests carried out at the DJD Joint Test Facility, 

El Centro, California. Two basic types of tests were conducted in 

this test series; (1) parawing deployment tests on an instrumented, 

bomb-type test vehicle with the parawing at a fixed rigging, and 

(2) parawing controlled, gliding flight tests on an instrumented, 

sled-type, radio controlled test vehicle. A total of twenty aerial 

tests was flown, of which fourteen were deployment tests and six 

were controlled, gliding flight tests. The intermediate-scale 

parawing test program was accomplished in the period from August 

1968 to June 1969. 

INTERMEDIATE-SCALE TEST PROGRAM RATIONALE 

The test program conducted with the intermediate-scale para- 

wings was devised to achieve the previously identified program 

objectives. In general, the tests of the parawing on the instru- 

mented, bomb-type test vehicle were planned ~rimarily to achieve 

the objectives associated with the deployment phase of parawing 

flight. However, the tests on the bomb-type test vehicle did also 



provide some u s e f u l  d a t a  on c o n t r o l l e d  g l i d i n g  f l i g h t ,  p a r t i c u l a r l y  

those  tests i n  which t h e  parawings were deployed a t  t h e  h igher  a l -  

t i t u d e s .  On t h e  o t h e r  hand, t h e  tests of t h e  ~ a r a w i n g  on t h e  con- 

t r o l l a b l e ,  s led- type  test  v e h i c l e  were planned p r i m a r i l y  t o  ach ieve  

t h e  o b j e c t i v e s  a s s o c i a t e d  wi th  t h e  c o n t r o l l e d ,  g l i d i n g  phase of 

parawing f l i g h t .  However, t h e  tests on t h e  s led- type  tes t  v e h i c l e  

d i d  a l s o  provide some u s e f u i  d a t a  on parawing deployment charac-  

t e r i s  t ics.  

Parawing tests on t h e  bomb-type test  v e h i c l e  may be ca tegor -  

i z e d  a s  f o l l o ~ : - :  

1. System v a l i d a t i o n  tests 

2 ,  S c a l e  p o i n t  t e s t s  

3 .  Deployment demonstrat ion tests 

4 .  C o n t r o l l a b l e  v e h i c l e  q u a l i f i c a t i o n  tests. 

The system v a l i d a t i o n  tests were normally t h e  f i r s t  t e s t s  

conducted i n  t h e  series, wi th  payload weight  and ~ a r a w i n g  deploy- 

ment cond i t ions  set a t  minimum l e v e l s .  Primary purpose of t h e s e  

tests was t o  v a l i d a t e  proper  o p e r a t i o n  of  t h e  parawing system, 

test  v e h i c l e  and a s s o c i a t e d  t es t  ins t rumenta t ion .  

The s c a l e  p o i n t  tests were t h o s e  tests f o r  which t h e  system 

descen t  weight  and parawing deployment c o n d i t i o n s  were s e l e c t e d  

according t o  a p rev ious ly  formulated set of s c a l i n g  iaws. The 

s c a l e  p o i n t  tests were designed t o  s imula te  t h e  deployment load ing  

and dynamic behavior  of a f u l l - s c a l e  parawing system a t  s i g n i f i c a n t  

p o i n t s  i n  t h e  p resc r ibed  deployment envelope. For t h e  twin k e e l  

parawing, t h e  s c a l e  p o i n t  tests were s e l e c t e d  t o  s imula te  a f u l l -  

s c a l e  parawing wi th  a planform a r e a  of 10,000 sq f t ,  a t  a wing s 

loading of 1 .5  psf ( i .e . ,  flown on a 15,000-lb d e s c e n t  weiqht  svs-  i 
: 

t e m  deployed a t  a dynamic p r e s s u r e  of 100 psf and 18,000 f t  a l t i -  

t u d e ) .  No s c a l e  p o i n t  tests were conducted with in te rmedia te - sca le ,  

s i n g l e  k e e l  parawings. 



The deployment demonstration tests were conducted to demon- 

: strate the capability of the intermediate-scale parawings to he 

successfully deployed in the prescribed altitude-dynamic pressure 
I deployment envelope. These tests normally included testing at 

conditions corresponding to the corners of the deployment envelobe, 

i.e., at the maximum and minimum dynamic pressure and altitude 

conditions. 

Finally, the qualification tests were tests conducted on the 
bomb-type vehicle to qualify the parawing system for use on the 

expensive, heavily-instrumented, controllable test vehicle. The 

descent weight and parawing deployment conditions used for these 

qualification tests were normally selected to exceed, by a fixed 

margin, the descent weight and deployment conditons planned for 

the controllable vehicle flights. 

Parawing tests on the controllable, sled-type test vehicle 

wePe all in the same category, i.e., gliding flight demonstration 

tests. The one parameter that was vtried in these tests was wing 

loading. Parawing deployment was carried out at the highest al- 

titude practicable with the launch aircraft available, in order to 

provide the maximum amount of gliding flight data. Parawing de- 

ployment dynamic pressure was somewhat arbitrarily set in the low- 

to-moderate range to minimize the possibility of canopy damage dur- 

ing deployment. Maneuver plans were varied from flight to flight, 

in order to provide a balance between straight gliding flight data 

and turn maneuver data. 

INTERJSDIATE-SCALE PARAWING TEST SPECIMElJS 

4 

7; 

The intermediate-scale parawing test specimens, both single 
' keel and twin keel, were designed with a flat pattern area of 

i 4000 sq ft. This size represented an order-of-magnitude increase 
I in wing size from the 400 sq ft parawings flown in the small-scale i 

program. At the 4000 sq ft size these wings were designed for 

testing at a 5000-lb descent weight for a nominal wing loading of 

t 



1.25 psf. Ballasting provisions in the intermediate-scale test 

vehicles allowed variability of wing loading in test from a mini- 

mum of 0.72 psi (i.e., with a 2880-1b descent weight) to a maximum 

of 1.50 psf (i.e,, with a 6000-lb descent weight). APPENDIX A 

provides detailed descriptions of the intermediate-scale test ve- 

hicles and their associated instrumentation. 

Structurally, the intermediate-scale parawings were consider- 

ably more sophisticated than the small-scale wings. Design of the 

large wings required that the canopies have adequate structure in 

the direction of primary loads, where the load path direction 

changed appreciably with geometry changes in the wing during the 

deployment process. Also, these large wings with their asymmetric 

planforms presented problsms in controlling canopy fabric during 

initial deployment. Indeed, parawing canopy structural problems 

and deployment damage were the only major problems encountered 

in the intermediate-scale test program. These problems manifested 

themselves in the single keel parawing specimen early in the test 

program. The single keel structural problems, cou~led with the 

demonstrated higher gliding performance potential of the twin keel 

parawing, were the bases for discontinuing further testing with 

single keel parawings beyond the initial two tests. Later in the 

test program similar structural problems were encountered with 

the twin keel parawing specimen. A number of significant struc- 

tural modifications were carried out on the twin keel wing to 

overcome these problems. The structural modifications included 

the addition of ten leading edge suspension lines, reinforcement 

of certain critically loaded areas in the canopy, and the addition 

of ripstop tape networks to the canopy. These structural modifi- 

cations are described in detail in the section on INTERMEDIATE- 

SCALE PARAWING TEST SPECINENS. 

The reefing systems used on the intermediate-scale parawings, 

both single keel and twin keel, were essentially the same 4-stage, 

lobe-type reefing systems developed and flight tested in the small- 

scale parawing program (see Reference 1). These reefing systems 



had demonstrated in small-scale parawing testing, the feasibility 

of maintaining deployment loads at 01: near the 3.0 G load factor 

level. Some relatively minor changes were made to the twin keel 

reefing system in the course of intermediate-scale parawing test- 

ing. One such change was the addition of reefing to the center 

section nose area of the wing. Details of the intermediate-scale 

parawing reefing systems are presented in the section on INTER- 

MEDIATE-SCALE PARAWING TEST SPECIEIENS . 

INTERMEDIATE-SCALE PARAWING TEST SYSTEMS 

SYSTEM DESCRIPTIONS 

Bomb-Ty~e Test Vehicle System 

The flight test system consisted of a parawing test specimen 

and an instrumented, bomb-type test vehicle. Figure 1 illustrates 
the parawing/bomb vehicle fiight test system in the gliding flight 

configuration. This figure shows the major dimensions of the test 

vehicle and the location of the suspension lines that were used to 

control %he angle of attack of the parawing and the system flight 

direction. The parawing shown in the illustration is a twin keel 

model. The same test vehicle was used for single keel parawing 

deployment tests. 

Reference dimensions for the parawings were as follows: 

Twin keel models : 

RT/RK = 0.603, AT = 43.4 ft for all tests except 207T; 

RT/RK = 0.650, LT = 46.8 ft for Test 207T. 

RRK/RK = 0.954, RRK = 68.7 ft for all tests. 

Single keel models: 

RT;RK = 0.781, RT = 59.4 ft for all tests, 

RRK/RK = 0.865, RRK = 65.8 ft for all tests. 
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Figure 1. Side view of parawinglbomb-testcvehicle flight test system 
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Other s e c t i o n s  of t h i s  r e p o r t  c o n t a i n  more d e t a i l e d  d e s c r i p -  

t i o n s  of t h e  parawing t e s t  specimens, t h e  bomb-type t e s t  v e h i c l e  

and t h e  i n t e r f a c e  between t h e  parawing tes t  specimen and t h e  t e s t  

v e h i c l e .  

Controllcible T e s t  Vehicle  System 

F igures  2 and 3 i l l u s t r a t e  t h e  parawing/cont ro l lable  test  

v e h i c l e  system. The f l i g h t  t e s t  system f o r  t h e  c o n t r o l l a b l e  ve- 
h i c l e  tests c o n s i s t e d  of a  parawing test  specimen and an  i n s t r u -  
mented, c o n t r o l l a b l e  tes t  v e h i c l e .  Only twin k e e l  ~ a r a w i n g  models 

were flown wi th  t h e  c o n t r o l l a b l e  t e s t  v e h i c l e .  F igure  2 g i v e s  

t h e  major dimensions of t h e  t e s t  v e h i c l e  and t h e  r e f e r e n c e  dimen- 

s i o n s  of t h e  parawing t e s t  specimens flown wi th  t h e  c o n t r o l l a b l e  
test  veh ic le .  F igure  3 i l l u s t r a t e s  t h e  p o s i t i o n s  o f  t h e  c o n t r o l  

l i n e s  employed dur ing  t h e  f l i g h t  t e s t s .  Turn c o n t r o l  was accom- 

p l i s h e d  by r e t r a c t i n g  o r  extending c o n t r o l  l i n e s  which changed 

t h e  l eng th  of t h e  t i p  suspens ion l i n e s .  The l e n g t h  of each t i p  

suspension l i n e  could be c o n t r o l l e d  w i t h i n  l i m i t s .  This  allowed 

c o n t r o l  of t h e  average l eng th  o f  t h e  two t i p  suspension l i n e s  and 

a l s o  t h e  d i f f e r e n c e  i n  l eng th  between t h e  two t i p  suspens ion l i n e s .  

Di f fe rences  i n  t h e  l eng th  of t h e  t i p  suspens ion l i n e s  were used 

f o r  t u r n  c o n t r o l .  Turns were made i n  t h e  d i r e c t i o n  of t h e  s h o r t e r  

t i p  suspens ion l i n e .  The two r e a r  k e e l  suspens ion l i n e s  were 

b r i d l e d  and t h e i r  l eng th  c o n t r o l l e d  by a  s i n g l e  c o n t r o l  c a b l e .  

De ta i l ed  d e s c r i p t i o n s  of t h e  parawing t e s t  specimens, t h e  c o n t r o l -  
l a b l e  test  v e h i c l e  and t h e  i n t e r f a c e  between t h e  ~ a r a w i n g  and t h e  
t e s t  v e h i c l e  a r e  provided i n  o t h e r  s e c t i o n s  of t h i s  r e p o r t .  
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Figure 2 .  Side view of parawinglcontrollable-te~ehicle test  system 1 , 
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Figure 3 ,  Rear quarter view from above the parawing/controllable 
test vehicle system 



REEFING SEQUENCES 

General 

The basic reefing sequences used in the intermediate-scale 

parawing program were developed in the small-scale parawing pro- 

gram. Both the twin keel and the single keel parawing reefing 

sequences had been developed with the objective of maintaining 

peak opening loads during deployment at or below 3 G's. The reef- 

ing systems served to accomplish this objective by allowing the 

drag area of the system to increase in discrete steps. 

A number of different reefing schemes for varying the drag 

area in a step-wise manner were evaluated in LRC wind tunnel tests, 
early in the small-scale program. Reference 1 describes the 

various reefing systems evaluated. The most promising reefing sys- 

tems from this initial evaluation, one each for the single keel 

and the twin keel parawing models, were subsequentiy tested and 

suitably modified in aerial drop tests conducted at El Yirage Dry 

Lake, California (2 tests) and at the DOD Joint Parachute Test 

Facility, El Centro, California (16 tests). The resulting reefing 

systems were incorporated in the design of the intermediate-scale 

sinale keel and twin keel ~arawings. A latter section of this re- 

pcrt provides detailed descripkions of these reefing systems. 

Both of the intermediate-scale, single keel ?arawing tests 

were conducted with the same reefing sequence. In the intermediate- 

scale, twin keel parawing tests, some modifications were made to 

the reefing sequence originally developed in the small-scale pro- 

gram. The following pages describe the reefing sequences tested 

in the intermediate-scale 2arawing program. 4 

Twin Keel Parawing Reefing Sequence 

The twin keel parawing reefing sequence consisted of four 

stages cf reefing, followed by the gliding configuration stage. 

The following paragraphs provide a stage-by-stage description of 

the reefing sequence. 



Stage  1. - The wing s u r f a c e  was r e e f e d  i n t o  t h r e e  lobes  by use  

of a s e p a r a t e  r e e f i n g  l i n e  around t h e  pe r iphery  of each s e c t i o n  of  

t h e  1:ing ( i .e . ,  t h e  c e n t e r  and t h e  two outboard s e c t i o n s ) ,  and by 

g a t h e r i n g  t h e  wing t r a i l i n g  edges w i t h  a s e p a r a t e  r e e f i n g  l i n e .  

For those  tests i n  which nose r e e f i n g  was employed, t h e  c e n t e r  

s e c t i o n  nose a r e a  of t\e wing was a l s o  ga the red  wi th  a s e p a r a t e  

r e e f i n g  l i n e .  Suspension l i n e s  were fo reshor tened  to  t h e  l e n g t h  

of t h e  t i p  suspension l i n e s ,  t h e  s h o r t e s t  suspens ion l i n e s  on t h e  

wing. This  was done t o :  ( a )  a l i g n  t h e  i n l e t s  t o  t h e  t h r e e  lobes  

i n  a p lane  perpendicular  t o  t h e  a i r  stream; (b )  e l i m i n a t e  l o o s e  

suspension l i n e s  and t h e i r  p o s s i b l e  entanglement dur ing  t h e  deploy- 

ment process ;  (c) preven t  a b r a s i o n  damage of k e e l  suspension l i n e s  

a g a i n s t  t h e  s k i r t  r e i n f o r c i n g  band; and (d)  p rov ide  a more uniform 

suspension l i n e  loading.  

During s t a g e  1, t h e  parawing i n f l a t e d  t o  a three- lobed,  ba l -  

loon shape. F igure  4 shows a view looking up i n t o  t h e  canopy 

w i t h  t h e  wing f u l l y  i n f l a t e d  i n  t h e  f i r s t  r e e f e d  s t a g e .  A s  shown, 

t h r e e  a i r  i n l e t s  -- one f o r  each lobe  -- a r e  formed by t h e  r e e f i n g  

l i n e s  around t h e  l ead ing  edges,  t h e  k e e l s ,  and t h e  t r a i l i n g  edges.  

I n  t h i s  s t a g e  t h e  parawing performed b a s i c a l l y  a s  a b a l l i s t i c  d r a g  

dev ice ,  s i m i l a r  t o  a parachute .  

S tage  2. - To e s t a b l i s h  s t a g e  2 ,  t h e  r e e f i n g  l i n e s  on t h e  p e r i -  

phery of t h e  outboard s e c t i o n s  of t h e  wing were severed.  A l l  

o t h e r  r e e f i n g  l i n e s  remained i n t a c t .  The parawing i n f l a t e d  t o  

t h e  planform shape shown i n  F igure  4 .  Note t h a t  t h e  c e n t e r  lobe  

maintained i ts  ba l loon- l ike  shape between t h e  more f u l l y  i n f l a t e d  

outboard lobes .  During t h i s  s t a g e  t h e  wing cont inued t o  perform 

b a s i c a l l y  a s  a b a l l i s t i c  d rag  device .  

S tage  3. - To e s t a b l i s h  s t a g e  3, t h e  r e e f i n g  l i n e  on t h e  p e r i -  

phery of  t h e  c e n t e r  s e c t i o n  of t h e  wing was severed .  The wing 

planform f o r  t h i s  s t a g e  is  shown i n  F igure  4 .  Two planforms ai-e 

i l l u s t r a t e d ,  one wi th  and one wi thou t  r e e f i n g  of t h e  c e n t e r  sec-  

t i o n  nose a r e a  of t h e  wing. During t h i s  s t a g e  t h e  wing began 

g l i d i n g  i n  a rearward d i r e c t i o n .  
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Stage  4 .  - To ach ieve  s t a g e  4 ,  t h e  t r a i l i n g  edge g a t h e r i n g  l i n e ,  

and i f  used,  t h e  nose g a t h e r i n g  l i n e  were severed .  For t h i s  s t a g e  

a l l  r e e f i n g  l i n e s  were removed and t h e  wing i n f l a t e d  t o  t h e  plan-  

form shown i n  F igure  4 .  The wing underwent a t r a n s i t i o n  t o  f o r -  

ward g l i d i n g  f l i g h t  dur ing  t h i s  s t a g e .  

F u l l  open. - The suspension l i n e s  were r e l e a s e d  t o  t h e i r  g l i d -  

i n g  f l i g h t  l e n g t h s ,  and t h e  wing made a t r a n s i t i o n  t o  t h e  g l i d i n g  

f l i g h t  planform shown i n  F igure  4. 

S i n g l e  Keel Parawing Reefing Sequence 

The s i n g l e  k e e l  parawing r e e f i n g  sequence c o n s i s t e d  of f o u r  

s t a g e s  of  r e e f i n g ,  fol lowed by t h e  g l i d i n g  c o n f i g u r a t i o n  s t a g e .  

The fo l lowing paragraphs provide  a s tage-by-stage d e s c r i p t i o n  of  

t h e  r e e f i n g  sequence. 

S tage  1. - The wing s u r f a c e  was r e e f e d  i n t o  two lobes  by reef- 

ing  l i n e s  rou ted  around t h e  l e a d i n g  edge and t r a i l i n g  edge o f  each 

s e c t i o n ,  and by s e p a r a t e  r e e f i n g  l i n e s  which ga the red  t h e  k e e l  and 

t h e  t r a i l i n g  edges of t h e  wing. Suspension l i n e s  were f o r e s h o r t -  

ened t o  t h e  l e n g t h  of t h e  t i p  suspens ion l i n e s ,  f o r  t h e  reasons  

p rev ious ly  i d e n t i f i e d  i n  t h e  d e s c r i p t i o n  of  t h e  twin k e e l  r e e f i n g  

sequence. 

During s t a g e  1, t h e  parawing i n f l a t e d  t o  a two-lobed, ba l loon  

shape. F igure  5 shows a view looking up i n t o  t h e  canopy w i t h  t h e  

wing f u l l y  i n f l a t e d  i n  t h e  f i r s t  r e e f e d  s t a g e .  A s  shown, two 

lobes  were formed wi th  t h e  ga the red  k e e l  s e r v i n g  a s  a  arti it ion 

between t h e  lobes .  I n  t h i s  s t a g e  t h e  parawing performed b a s i c a l l v  

a s  a b a l l i s t i c  drag  dev ice ,  s i m i l a r  t o  a parachute .  

S tage  2 .  - To e s t a b l i s h  s t a g e  2 ,  t h e  r e e f i n g  l i n e s  around t h e  

l ead ing  edge and t r a i l i n g  edge of each lobe  were r e l e a s e d ,  s o  t h a t  

t h e  l ead ing  edges were allowed t o  f u l l y  i n f l a t e .  F igure  5 shows 

a planform view (from below) of t h e  canoDy i n  t h i s  s t a g e .  During 

t h i s  s t a g e  t h e  wing continued t o  perform b a s i c a l l y  a s  a b a l l i s t i c  

drag device .  





Stage 3. - To achieve stage 3, the keel gathering line was 
severed. Figure 5 shows the planform for this stage. Durins 

this stage the wing began gliding in a rearward direction. 
I 

Stage 4. - For stage 4, the trailing edge gathering line was 
severed, removing all reefing lines from the wing. A transition 

to forward gliding flight occurred during this stage. The ulan- 

form for this stage is shown in Figure 5 .  

Full open. - The suspension lines were released to their glid- 
ing flight lengths, and the wing made a transition to the gliding 

flight planform shown in Figurt 5. 

INTERI'IEDIATE-SCALE TEST SEQUENCZS -- 

LAUNCH AIRCRAFT 

Two types of aircraft we.:e used for the bomb-type vehicle 

tests. These were the C-119 and the C-130. For the controllable 

vehicle tests, only the C-119 aircraft was used. 

PARAWING DEPLOYFIENT SYSTERI AND TEST SEQUENCE 

Bomb-Type Test Vehicle 
I 

For purposes of discussion in this section of the report, the 

! deployment system is defined as all the equipment used from air- 

; craft launch of the test system until the parawing-test-specimen- 

i line-stretch event. Figure 6 shows a typical test sequence with 

1 the bomb-type test vehicle and illustrates the various components 

I in the deployment system. For launch from the aircraft, the bomb- 
1 

. type test vehicle was initially mounted on a platform. The plat- 

form was a standard, cargo-delivery platform, sized to fit the 

1 rollers and guide rails on the floor of the aircraft. Launch of 



I. PLATK)RM WITH TEST VEHICLE 
ATTACHED WITH RESTRAINT WEBBINGS ,-/ 

PULLED PROM C -  130 AIC BY EXTRAC- 
TION PAMCHUTE. CUTTER CHUTE 
STATlC LINE DEPLOYED. TEST - 
VEHICLE UMBILICAL PLUG IS 
BY HAND 0.5 T O  3 MINUTES BE-RE CUTTER PARACHUTE 

LAUNCH. PLATFORM TO TEST 
VEHICLE RESTRAINT 

I WEBBING - A 

& x75D EXTRACTION PARACHUTE 

2. CUTTER CHUTE KNIVES SEVER VEHI- 
CLE RESTRAINT WEBBINGS. VEHICLE 
AND PLATFORM SEPARATE. VEHICLE 
ARMING WNYARDS PULLED BY PLAT- CUTTER PARACHUTE 

TORM. LANYARD PULL ACTUATES 
FLASHBULB IGNITION TO MARK TIME 
0. ACTUATES TIMER FOR PROGRAM 
CHUTE DISCONNECT, AND ACTUATES 
TIMER FOR S T E P  RELEASE FUNCTION. 
PROGRAM CHUTE STATIC LINE 
TO PLATFORM. CAMERA STARTS. 

P R ~ R A M M E R  PILOT CtIUTC 

\TEST VEHICLE 
ARMING LANYARDS 

DISCONNECTED 
PILOT CHUTE 
EXTRACTION 
INITIATED. 

5. PARAWING LINE 
STRETCH. REEFING 

6. PARAWING FlRST 
STAGE DlSREEP 

CUTTERS-ARMED. 

- p 8. STAGE PARAWING DlSREEf THIRD 

U 
9. PARAWING S T E P  

RELEASE 

10. PARAWING STEADY 
STATE DESCENT 

3. PROGRAM CHUTE 
DEPLOYED 

7. PARAW~NG SECOND 
STAGE DlSREEF 

I I. TOUCHDOWN 

Figure 6.  Sequence of events, C- 130 and C-119 aircraft launch 
of bomb-type test vehicle 



Momnor 

t h e  t e s t  system irom t h e  drop a i r c r a f t  was i n i t i a t e d  by deploying 

an e x t r a c t i o n  parachute  t o  t h e  r e a r  of t h e  a i r c r a f t .  This  para-  

chute  i n  t u r n  p u l l e d  t h e  p la t fo rm w i t h  t h e  a t t a c h e d  bomb-type t e s t  

v e h i c l e  from t h e  a i r c r a f , t .  A s  t h e  bomb and p la t fo rm moved away 

from t h e  a i r c r a f t ,  ano the r  parachute ,  c a l l e d  t h e  c u t t e r  c h u t e ,  

was s t a t i c  l i n e  deployed. This  parachute  was used t o  sever  t h e  

l a s h i n g s  which he ld  t h e  bomb t o  t h e  p la t form.  

A f t e r  t h e  bomb r e s t r a i n t  l a s h i n g s  were c u t ,  t h e  e x t r a c t i o n  

parachute  p u l l e d  t h e  p la t fo rm away from t h e  bomb. A s  t h e  bomb 

separa ted  from t h e  p la t fo rm,  a s t a t i c  l i n e  from t h e  p la t fo rm de- 

ployed a  p i l o t  chu te  which i n  t u r n  deployed t h e  progranuner Dara- 

chute .  The f u n c t i o n  of  t h e  programmer pa rachu te  was t o  e s t a b l i s h  

t h e  proper  dynamic p r e s s u r e  and f l i g h t  pa th  a n g l e ,  ~ r i o r  t o  de- 

ployment of  t h e  parawing t e s t  specimen. A f t e r  a predetermined 

l eng th  of programmer parachute  o p e r a t i n g  t i m e ,  t h e  programmer nara-  

chute  was r e l e a s e d  and used t o  deploy t h e  parawing ~ i l o t  chu te .  

The p i l o t  chu te  i n  t u r n  e x t r a c t e d  t h e  parawing pack from t h e  a f t  

s e c t i o n  of t h e  bomb-type v e h i c l e  and deployed t h e  narawing from i t s  

deployment bag. A t  t h i s  p o i n t  i n  t h e  sequence t h e  ~ a r a w i n g  began 

t h e  r e e f i n g  sequence p rev ious ly  desc r ibed .  The time i n t e r v a l  f o r  

each s t a g e  of t h e  r e e f i n g  sequence was c o n t r o l l e d  by nvro techn ic ,  

4 r e e f i n g - l i n e  c u t t e r s .  These c u t t e r s  had a  t ime-delay nowder t r a i n  
! ; which was lanyard  i n i t i a t e d  a t  parawing l i n e  s t r e t c h .  A t  t h e  end 

of t h e  f i x e d  t ime d e l a y ,  t h e  powder t r a i n  i g n i t e d  a n  exp los ive  

f charge which a c t u a t e d  t h e  r e e f i n g - l i n e - c u t t e r  b lade .  Upon c o m ~ l e -  

i t i o n  of t h e  deployment sequence, t h e  ~arawing/bomb v e h i c l e  system 
! 

made an  uncon t ro l l ed  g l i d i n g  descen t .  
I 

During t h e  f l i g h t ,  t es t  d a t a  were te lemete red  from on-board 
. r! . .  , 

1 s .  : 
ins t rumenta t ion  t o  a  ground r e c e i v i r g  s t a t i o n .  Also,  camera cov- 

.I : ' . I erage  and photo-- theodol i te  d a t a  were ob ta ined .  A d e s c r i p t i o n  of  

t h e  d a t a  ob ta ined  dur ing  t h e  f l i g h t  i s  p resen ted  i n  APPENDICES A 

and B. 



C o n t r o l l a b l e ,  Sled-Type T e s t  Veh ic l e  

F i g u r e  7 i l l u s t r a t e s  a  t y p i c a l  sequence w i t h  t h e  c o n t r o l l a b l e  

tes t  v e h i c l e .  The v e h i c l e  was c a r r i e d  i n  t h e  launch  a i r c r a f t  on  

an i n c l i n e d  ramp. Launch o f  t h e  v e h i c l e  was i n i t i a t e d  by r e l e a s e  

of  t h e  s h a c k l e s  which h e l d  t h e  t e s t  v e h i c l e  t o  t h e  launch  ramp. 

Releas ing  t h e  s h a c k l e  a l lowed t h e  t e s t  v e h i c l e  t o  s l i d e  down t h e  

i n c l i n e d  ramp and o u t  of  t h e  a i r c r a f t .  A s  t h e  test  v e h i c l e  sepa-  

r a t e d  from t h e  a i r c r a f t ,  a  s t a t i c  l i n z  deployed a  programmer para-  

chu te .  A s  w i t h  t h e  bomb-type v e h i c l e  tests,  t h e  purpose of  t h e  

programmer pa rachu te  was t o  e s t a b l i s h  t h e  p rope r  c o n d i t i o n s  f o r  

deployment o f  t h e  parawing t e s t  specimen. A f t e r  a  prede termined  

p e r i o d  o f  t i m e  t h e  programmer p a r a c h u t e  was d i s c o n n e c t e d  from t h e  

t e s t  v e h i c l e  and used t o  deploy t h e  parawing p i l o t  c h u t e .  The 

p i l o t  c h u t e  i n  t u r n  l i f t e d  t h e  parawing pack o f f  t h e  t e s t  v e h i c l e  

upper deck and deployed t h e  parawing t e s t  specimen from i t s  deploy-  

ment bag. The parawing then  proceeded through t h e  p r e v i o u s l y  de- 

s c r i b e d  r e e f i n g  sequence u n t i l  t h e  f u l l y  i n f l a t e d ,  g l i d i n g - f l i g h t  

c o n f i g u r a t i o n  was e s t a b l i s h e d .  

The pa rawing / t e s t  v e h i c l e  system was t h e n  p u t  th rough a  series 

of maneuvers which invo lved  changes i n  t h e  l e n g t h s  of  t h e  r e a r -  

keel-suspens!.on-lines and t h e  t i p - s u s p e n s i o n - l i n e s .  These maneu- 

v e r s  were performed t o  o b t a i n  d a t a  on f l i g h t  performance d u r i n g  

s t r a i g h t  and t u r n i n g  f l i g h t .  F l i g h t  t e s t  d a t a  from on-board i n -  

s t r u m e n t a t i o n  were t e l e m e t e r e d  t o  a ground r e c e i v i n g  s t a t i o n  d u r i n g  

t h e  f l i g h t .  Motion p i c t u r e  coverage  and p h o t o - t h e o d o l i t e  t r a c k i n g  

d a t a  were a l s o  ob ta ined .  

More complete  in fo rma t ion  on t h e  d a t a  o b t a i n e d  d u r i n g  t h e  

f l i g h t  i s  p resen ted  i n  APPENDICES A and B. 



I. RAMP WITH TEST VEHtCLE MOUNTED IN 
C 119 AIC. PROGRAM CHUTE STATIC 
LINE DEPLOYED. TEST VEHICLE 
UMBILICAL PLUG Id REMOVED BY HAND 
0.5 T O  3 MINUTES BEFORE LAUNCH. 
ARMING LANYARD PULLED AT LAUNCH. 
SEQUENCE T I M E M  START. 

2. PROGRAM CHUTE DEPtOYED BY STATIC 
LINE. 

3. P R O O W  CHUTE 
DEPLOYED 

1 1. PARAWNO SECOND 
! STAGE DISREEF 

&?7 
1 I. TOUCHDOWN 

:HUTE 

LINE 

PROGRAM PARACHUTE / 

6. PARA1 
STAGE DISREEF 5. P A  

ST 

10. PARAWING STEADY 
STATE DESCENT 

RETCH. REEFING 
CUTTERS ARMED. 

I 
9. PARAWING S T E P  

R E LEASE 

b 
4. PROGRAM CHUTE 

DISCONNECTED 
LANYARD STARTS 
ONBOARD CAMERA. 
PILOT CHUTE 
EXTRAC SION 
INITIATED. 

4 2  
8. PARAWING THIRD 

STAGE DISRf E F  

Figure 7. Sequence of events, C -  1 19 aircraft launch of 
controllable test vehicle 



INTERMEDXATE-SCALE PARAWING TEST SPECIHENS - 
GENERAL 

The test specimens used in the intermediate-scale aerial drop 

test program consisted of seven versions of the twin keel parawing 

and one version of the single keel parawing. Early in the test 

program the single keel parawing was eliminated from further test- 

ing, due to canopy structural problems plus the demonstrated, 

higher gliding performance potential of the twin keel parawing. 

Changes to the twin keel parawing were mainly structural improve- 

ments to the canopy. In addition, functional and structural im- 

provements were made to the reefing system and some minor changes 

made in suspension line lengths. 

STRUCTURAL ARRANGEMENT 

Basic canopy structures for the sicgla and the twin keel 

parawin~s were similar in design. The canopies were constructed 

of 2.25 ounce per square yard; low ~ermeability, nylon sailcloth, 

with the warp running parailel to the win? trailing edges. Main 

structural canopy seams :,ere laid parallel to the trailing edges 

of the  win^, joining leading edge suspension line or reefing ring 
attachment points with adjacent keel line attachment points. These 

seams were reinforced with layers ~f nylon tape as required. All 

the outer edges and the keels of the canopies were reinforced with 

multiple layers of the nylon tape. Highly stressed areas, such 

as the suspension line and reefing ring attachments, were rein- 

forced with semicircular or eliptical chaaed, load-distribution 

patches fabricated from the same basic canopy material. Where 

necessary, additional patch reinforcement was ~rovided by overlaid 

radial tapes. 



Twin Keel Parawing 

The planform and structural arrangement for the seven versions 

of the twin keel parawing are shown in Figures 8 through 13. Ver- 

sion I, as shown in Figure 10, was the basic version from which 

all other versions were created by modification. Version I had a 

total of forty-two suspension lines; six lines equally s~aced 

along each leading edge, twelve lines located along each keel and 

three lines spaced along the trailing edge of each outer section. 

The Version I1 model was   den tical to Versio2 I, except for tip 

suspension lines L6 and R6, which were made 40.6 inches longer in 

order to provide a complete range of tip-control-line travel when 

used with the controllable test vehicle. 

The Version I11 model shown in Figure 11 was identical to 

Version 11, except for the addition of five leading edge suspen- 

sion lines to each cuter section, larger semicircular load distri- 

bution patches at lea?.. +-r-edg2-line-attachment locations 2-1/2 

through 4-1/2 and four longitudinal ripstop tapes sewn on each 

outer section. Version IV shown in Figure 12 was identical to 

Version 11, except for the addition of five suspension lines to 

the leading edge of each outer section, five longitudinal 'ipstop 

tapes added to the wing center saction, sixteen diagonal ripstop 

tapes added to each outer section and load distribution patches 

! added at leading-edge-line-attachment locations 3, 3-1/2 and 4. 

Versiu,; V was identical to Version IV, except for 40.6 inches 

shorter tip suspension lines L6 and R6 on the Version V. TTersion 

VI shown in Figure 13 was identical to Version IV, except that 

the outer section radial tapes on the LR1 and RKl reinfsrcing 

patches were lengthened to terminate at the intersections of two 
. . diagonal ripstop tapes. Version VII was identical to Version !TI, 

. . . . exczpt for 10.6 inches shorter tip suspension lines L6 and 96 on 

Version VII. The suspension line lsngths and strengths for all 

versions are given . 1 Table 2. 
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Figure 9 .  Planform layout for intermediate-scale, 
twin keel parawing, Versions III through VU 



Figdre 10.  Structural diagram for twin keel parawing, 
Versions I and 11 



Figure 11. Structural diagram for twin keel parawing, Version III 
(identical with Versions I and 11, except a s  noted above) 



Figure 1 2 .  Structural diagram for twin '.,eel parawing, Versions IV 
and V (identical with Versions I and 11, except a s  noted 
above) 



LKlZ 

Figure 1 3 .  Structural diagram for  twin k e e l  parawing Versions VI and VII 
(identical w i t h v e r s i o n s  IV and V, except a s  noted above) 

3 



TABLE 2 .  - T W I N  K E E L  PARAWING SUSPENSION LINE 
DESIGN LENGTHS Pr RATED STRENGTHS 

a s k i r t  band a t tachment  t o  r i s e r  leg  connector  l ink ,  
except  f o r  RK12 and LK12 which w e r e  at tached to  a n  
extension r i s e r  65.4 inches  long. The lengths of 
RK12 and LK12 f r o m  the  s k i r t  band a t tachment  t o  the 
r i s e r  leg connector  l inks where  a l l  o the r  suspens ion  
l i nes  w e r e  a t tached  was  82,4. 3 inches.  



Single Keel Parawing 

The planform and structural arrangement for the single keel 

parawing are shown in Figures 14 and 15, respectively. The sin- 

gle keel parawing had a total of thirty-two suspension lines, six 

lines equally spaced along each leading edge, twelve lines spaced 

along the keel and four lines equally spaced along each trailing 

edge. The length and strength of each suspension line are given 

in Table 3. 

RIGGING ARRANGEMENT 

The parawing was attached to the test vehicle with four risers 

located as shown in Figure 16. Each riser was attached to a group 

of suspension lines with a connector link. Multiple riser legs 

were used where necessary to accommodate a large number of lines. 

The number of riser legs at each attachment location is identified 

in Figures 17, 18 and 19. The suspension-line-to-riser arrange- 

ments are shown in Figures 20, 21, 22 and 23. To provide for the 

equal-suspension-line length 2arawing configuration required dur- 

ing the reefed phase of deployment, each suspension line was pro- 

vided with a by-pass loop located equidistant from the canopy 

skirt. These loops were attached to the swing-arm release fittings 

located at the main fore and aft attach points. The excess length 

of each suspension line in the deployment configuration was stowed 

in individual sleeves attached to the suspension line above the 

by-pass loop. These stowed line segments were deployed 'allowing 

the line-transfer event. The parawing attachment arrangements to 

the test vehicle during the deployment phase and during the gliding 

flight phase are shown in Figures 24 and 25, respectively. 







TABLE 3. S INGLE KEEL PARAWING SUSPEP:SIQN LINE DESIGN 
LENGTHS AND RATED STRENGTHS 

(a)rkirt  baad attachmeat to  r i s e r  lsg connector link 

Suspension 
line no. 

R1 8: L1 

R2 & L2 

R3 & L3 

R4 & L4 

R5 & L5 

126 & L6 

K1 

K2 

K3 

K4 

K5 

K6 

K7 

K8 

K9 . 
K10 

K11 847.5 5500 

K12 787.4 

KT1 & LT1 351)O 

RT2 & LT2 

Design 
length (a) 

Rated 
strength 

in 

986.6 

939.2 

899.4 

834.8 

791.9 

711.5 

948.7 

969.6 

979.0 

960.1 

937.3 

929.7 

929.7 

929.7 . . 
929.7 

i 

, lbs 

6000 

6000 

10000 

6000 

6000 ,-.- * 
1 

6000 ! 

4500 

4500 

4500 

4500 

45GO 

4500 

5500 

5 500 

550C 

916.1 - 5500 







Top view 

. ' . I  
. . 

. . . ' 
Figure 18.  Riser arrangement for twin keel parawing, Vcr sion I11 through VII . . . ' 

t 

' i , .. 



Fwd 

/ Fwd riscsr 1 c . n ~  \ 

Figure 19. Riser arrangement for single keel parawing 

42  

- - m- A 



NOTE: All l ines forward of this line 
\ placed on the forward r i ser  Ali  l ines aft of this line 

Riser leg number 

L6 

A4 

View from above 

Figure 20, Suspension line / r i ser  attachment arrangement for 
twin keel  parawing, Version I 



4 
Fwd 

NOTE: All l ines  forward of this  
Al l  l ines aft  of this l ine 
placed on the aft r i s e r  

outboard L K 9  

A 4  

View f rom above 

Figure 21 .  Suspension l ine/  r i s e r  at tachment a r rangement  
for  twin keel  parawing, Version I1 



A4 

View from above 

Figure 2 2 .  Suspension l ine lr i ser  attachment arrangement for 
twin keel  parawing, Versions 111, IV, V, VI, and VII 



Figure 2 3 .  Suspension l ine /  r i s e r  attachment 
arrangement for single kee l  parawing, 

r R i s e r  leg nurriber 



Parawing canopy T- 
Ill 

Forward suspension lines 

(Control cables conirollable 
test vehiclz only) 

Figure 24. Intermediate-scale parawing deck attachment 
arrangemer-t before line transfer 



(2.00) 

Figure 2 5 .  Intermediate-scale parawing deck attachment 
arrangement after line transfer 



REEFING SYSTEM 

Twin Keel Parawing 

The basic reefing system for the twin keel piirawing, desig- 

nated reefing system A, was the four-stage system defined in Figure 

26. The first-stage reefing system consisted cf a separate line 

for reefing each outer lobe. Each reefing line was connected to 

a keel becket forward cf K12, passed through all the outboard, 

keel reefing rings, the leading edge reefing rings and terminated 

at a connector loop located at K12. The connector  loo^ ~assed 

through a reefing cutt-er and reefing ring at 2K12 and at LK12. 

At cutter initiation the connector loop was severed, providing 

simultaneous disreef of both outer lobes. 

The second-stage reefing system consisted of reefing the ten- 

ter lobe with ope reefing line. The line was attached to a keel 

becket located forward of LK12, passed through all the left in- t 

Soard keel reefing rings, nose reefing rings and the right inboard 

keel reefing rings. The end of the line was attached to a becket 

located forward of RK12. The line also passed through two, second 

stage, reefing cutters at PK2. 

The third-stage reefing system consisted of a single reefing 

line used to gather the wing trailing edges. Each end of the line 

was attached to a becket l~cated at L6 and at R6. The line was 

passed through all the trailing edge reefins rings and the third 
c 

stage reefing cutiers located at RK12 and LK12. 

The fourth-stage reefing system was the afo-:ementioneb and 

described equalization of the suspension line lengths to the 

length of the tip lines. Although not a conventional reefing sys- 

tem arrangement, the line equalization was a separate stage in 

the deployment process and is, for nurposes of this discussion, 

identified as a separate reefing stage. Initiation of deck mounted, 



Third stage trailing 
edge reefing cutter 

Connector loop 

Third stage trailing 
edge reefing line 

Viewed from below 



pyrotechnic operated, swing-arm disconnects released the suspension 

line by-pass loons, deploved the stowed suspension line lengths 

and allowed the wing to assume a gliding flight configuration. 

Reefing system A was improved by adding a separate third stage 

nose reefing line to reduce third stage loads and reduce localized 

hads in the center section of the wing, particularly in the nose 

area. The first stage connector 1000 was routed through the reef- 

ing rings located at L6 and at 26 to eliminate possible hangup of 

the first stage reefing line at L6 and 3 6 .  This system was desig- 

nated reefing system B and is identified in Figure 27. 

Further impro~rement was made to the third stage reefing S ~ S -  

ten by relocating the trailing edge reefing cutters at the tip 

sus~ension line locations L6 and P6. The reefing cutters in their 

original location could move relative to the trailing edge gather- 
? 

ing line, causing possible abrasion of this line. The original 

reefing cutter location also required that the cutters be capable r 
i 

of severing two thicknesses of the line, due to the ~roximity of 5 
f 

the reefing line eye splice to the cutter hale. With the third- f 
stage reefing cutters relocated in the reefing-line eye splice i 

J a 
at the wing tips, onlv one thickness of line was cut by each reef- 4 
ing li 

gather 

agains 

f .ne cutter. This permitted use of a stronger trailing-edge- 

.ing line. Also, the abrasion problem of gathering linc 
i 
t 
3 

t reefing cutter was eliminated with the cutters secured to : 
i 

each end of the gathering line. The reefing system which incor~or- 
.- 

ated this third stage change was designated reefing system C and 

is identified in Figure 28. 

Single Keel Parawing 

The single keel parawing used a four-stage reefing system, 

as shown in Figure 29. The first stage reefing svstem consisted 

of a sepzrate reefing line for each of the two lobes of the can- 

opy. Each line was connected to the reefing ring at Kl, ~assed 



First  sta)rra 
rt.ctfing line 



First stage 
reefing line 

Figure 28. Reefing system C, twin keel parawing 



Third stagtb 
rcxefing line 

Third stagc 
cutters  

F ir s t  stage 
cuttcrs  

Viewed from below 

Figure 29. Reefing systcsm, singlc- kinel parawing 



th rough a l l  t h e  l ead ing -edge  r e e f i n g  r i n g s  and t e r m i n a t e d  a t  a  

connec to r  l oop  l o c a t e d  a t  K12. The c o n n e c t o r  l o o p  pas sed  th rough  

two r e e f i n g  l i n e  c u t t e r s  and t h e  r e e f i n g  r i n g  a t  K12. A t  r e e f i n g  

c u t t e r  i n i t i a t i o n ,  t h e  c o n n e c t o r  l o o p  was s e v e r e d ,  p r o v i d i n g  s imul -  

t aneous  d i s r e e f  o f  bo th  l o b e s .  

The second-s tage  r e e f i n g  sys tem c o n s i s t e d  o f  a  s i n g l e  r e e f i n g  

l i n e  used t o  g a t h e r  t h e  k e e l  between K 1  and  K12. The r e e f i n g  l i n e  

was connec ted  t o  a  snubbe, l o o p  on t h e  l e f t  s i d e  o f  t h e  k e e l  a t  

K 1 1  and passed  through a l l  t h e  r e e f i n g  r i n g s  on t h e  l e f t  s i d e  f o r -  

ward th rough  K 1  and t h e n  back th rough  t h e  k e e l  r e e f i n g  r i n g s  on 

t h e  r i g h t  s i d e  t o  a  second snubber  l o o p  a t  K 1 1 .  Each snubber  l o o p  

was connec ted  t o  i t s  r e s p e c t i v e  k e e l  b e c k e t .  These b e c k e t s  were 

bo th  l o c a t e d  between K 1 1  and K12 on  t h e  k e e l .  Both snubber  l o o p s  

passed  through two r e e f i n g  c u t t e r s  l o c a t e d  a t  K 1 1 .  A t  c u t t e r  i n i -  

t i a t i o n  bo th  snubber  l o o p s  were s e v e r e d ,  f r e e i n g  b o t h  ends  o f  t h e  

k e e l  r e e f i n g  i i n e .  

The t h i r d - s t a g e  r e e f i n g  sys tem c o n s i s t e d  of  one  r e e f i n g  l i n e  

used t o  g a t h e r  t h e  t r a i l i n g  edges  of  t h e  canoDy. Each end o f  t h e  

l i n e  was a t t a c h e d  t o  a  t i p  b e c k e t  a t  L6 and a t  R6  and pas sed  

th rough  a l l  t h e  t r a i l i n g - e d g e  r e e f i n g  r i n g s ,  i n c l u d i n g  two r e e f i n g  

c u t t e r s  a t  K12. A t  c u t t e r  i n i t i a t i o n  t h e  r e e f i n g  l i n e  was s e v e r e d  

i n  t h e  c e n t e r  of  t h e  l i n e ,  a l l o w i n g  t h e  aft s e c t i o n  of  t h e  wing t o  

open and i n f l a t e .  

A s  w i t h  t h e  tw in  k e e l  parawing,  t h e  f o u r t h - s t a g e  r e e f i n g  s v s -  

tern was t h e  s u s p e n s i o n - l i n e - l e n g t h - e q u a l i z a t i o n  a r rangement .  I n i -  

t i a t i o n  of  deck mounted, p y r o t e c h n i c  o p e r a t e d ,  swing-arm d i s c o n n e c t s  

r e l e a s e d  t h e  s u s p e n s i o n  l i n e  by-pass l o o p s ,  deplovred t h e  stowed 

suspens ion  l i n e  l e n g t h s  and a l lowed  t h e  wing t o  assume a  g l i d i n g  

f l i g h t  c o n f i g u r a t i o n .  



SUrlMARY OF IZJTERIEDIATE-SCALE AERIAL DROP TESTS 

APPENDIX C p r e s e n t s  a  d e t a i l e d  d e s c r i p t i o n  of each  of  t h e  i 
1 

twenty a e r i a l  d rop  tests conducted  w i t h  i n t e r m e d i a t e - s c a l e  para-  ! 
wings.  The d e s c r i p t i o n s  are a r r a n g e d  i n  c h r o n o l o g i c a l  o r d e r  o f  % 

t e s t .  Each t e s t  d e s c r i p t i o n  i n c l u d e s  t h e  pr imary  o b j e c t i v e  o f  
5. 
i 

t h e  t e s t ,  test  parawing i d e n t i f i c a t i o n ,  test  v e h i c l e  i d e n t i f i c a -  ) 
4 

t i o n  and sys tem w e i g h t ,  a c t u a l  v e r s u s  p lanned  c o n d i t i o n s  a t  para-  

wing deployment and s i g n i f i c a n t  measured performance.  The t e s t  

d e s c r i p t i o n s  a l s o  i n c l u d e  unusua l  o r  q u e s t i o n a ~ l e  o c c u r r e n c e s ,  I 
t es t  anomal i e s ,  d e s c r i p t i o n s  of  f a i l u r e s  and parawing damage, 

p l u s  t h e  r e s u l t s  of  f a i l u r e  a n a l y s e s ,  i n  terms of c o n c l u s i o n s  and 

recommended c o r r e c t i v e  a c t i o n s .  

O f  t h e  twenty i n t e r m e d i a t e - s c a l e  parawing t e s t s ,  e i g h t e e n  

tes ts  were flown w i t h  twin  k e e l  parawing s p e c i m e r , ~  and t w o  t es t s  

were f lown w i t h  s i n g l e  k e e l  parawing spec imens .  Of t h e  e i g h t e e n  

twin  k e e l  parawing tests ,  twe lve  tests were conducted  w i t h  a  bomb 

t e s t  v e h i c l e  w i t h  f i x e d  r i g g i n g  on t h e  parawing;  t h e  remain ing  s i x  

twin  k e e l  parawing t e s t s  were conducted  w i t h  a c o n t r o l l a b l e  t e s t  

v e h i c l e .  Both s i n g l e  k e e l  parawing tests were f lown on a bonh test  

v e h i c l e  w i t h  f i x e d  r i g g i n g  on t h e  parawing.  Tab le  4 p r o v i d e s  a  

summary o f  t h e  i n t e r m e d i a t e  s c a l e  parawing tes ts ,  and i n c l u d e s  t h e  

t e s t  sequence ,  t e s t  number, parawing and t e s t  v e h i c l e  i d e n t i f i c a -  

t i o n ,  p r imary  t e s t  o b j e c t i v e ,  p l anned  and a c t u a l  t e s t  c o n d i t i o n s ,  

and t e s t  comments. 





TEST RESULTS AND ANALYSIS 

DEPLOYMENT PHASE 

Opening Loads 
? 

Riser l o a d s  were measured i n  e a c h  o f  t h e  twenty i n t e r m e d i a t e -  
$ 

s c a l e  parawing,  a e r i a l  d r o p  tes ts .  F i g u r e s  30 t h rough  69  p r e s e n t  3 
t o t a l  parawing load  t i m e  h i s t o r i e s  and t o t a l  parawing load  d i v i d e d  

by dynamic p r e s s u r e  t i m e  h i s t o r i e s  d u r i n g  t h e  deploymeiif phase  f o r  1 
a l l  tes ts  t h a t  were conduc ted .  T o t a l  parawing l o a d  was c a l c u l a t e d  

r; 
by summing a l l  r i s s r - l o a d - l i n k  measurements and m u l t i p l y i n g  by t h e  j, 

r a t i o  of d e s c e n t  we igh t  t o  s u ~ p e n d e d  w e i g h t .  M u l t i p l y i n g  by t h i s  

r a t i o  c o r r e c t s  t h e  measured r i ~ 2 r  l o a d s  t o  l o a d s  t h a t  were deve l -  

oped i n  t h e  parawing.  The t o t a l  load/dynamic p r e s s u r e  p l o t s  were 

deve loped  by d i v i d i n g  t h e  t o t a l  parawing l o a d  a t  e ach  t i m e  p o i n t  

by t h e  wind c o r r e c t e d  dynamic p r e s s u r e .  The wind c o r r e c t i o n  was 

made by s u b t r a c t i n g  t h e  h o r i z o n t a l  v e l o c i t y  component,  a s  measured 

by ASKANIA a t  f i r s t - s t a g e  d i s r e e f ,  from each  measured t o t a l  ve loc -  

i t y  datum p o i n t  t o  d e t e r m i n e  t r u e  a i r  v e l o c i t y .  T h i s  v e l o c i t y  was 

t h e n  used t o  c a l c u l a t e  dynamic p r e s s u r e .  The c o r r e c t i o n  is  based  

on t h e  assumpt ion  t h a t  t h e  ASKANIA measured h o r i z o n t a l  v e l o c i t y  a t  

f i r s t  s t a g e  d i s r e e f  was due  t o  wind,  and t h a t  t h i s  v e l o c i t y  compo- 

n e n t  would be e s s e n t i a l l y  z e r o  under  a no-wind c o n d i t i o n .  : 
I 
t 

A l l  o f  t h e  p l o t s  a r e  a n n o t a t e d  t o  show t h e  times o f  t h e  l i n e  

s t r e t c h  e v e n t ,  t h e  f i r s t - ,  second-  and t h i r d - s t a g e  d i s r e e f  e v e n t s  

and t h e  l i n e  t r a n s f e r  e v e n t .  During T e s t  251T, t h e  r i g h t -  and 
i 

f o r w a r d - - r i s e r  l oad  t r a n s d u c e r s  d i d  n o t  f u n c t i o n .  T h e r e f o r e ,  t h e  

l o a d  d a t a  p r e s e n t e d  f o r  t h i s  t e s t  a r e  based  on  l e f t -  and a f t - r i s e r  

l o a d s  o n l y  and a r e  n o t  r e p r e s e n t a t i v e .  I n  g e n e r a l ,  F i g u r e s  30 

th rough  6 9  p r e s e n t  a l l  t o t a l  l o a d  and t o t a l  load/dynamic p r e s s u r e  

d a t a  o b t a i n e d ,  r e g a r d l e s s  of anoma l i e s  o r ,  i n  some c a s e s ,  s t r u c -  

t u r a l  f a i l u r e  of t h e  parawing.  Subsequent  a n a l - y s i s  o f  t h e  d a t a  

t o  o b t a i n  l o a d  f a c t o r s ,  r e f e r e n c e  a r e a s ,  f i l l  r a t e s ,  e t c . ,  d i d  n o t  

i n c l u d e  t h o s e  d a t a  o b t a i n e d  d u r i n g  unusua l  c i r c u m s t a n c e s .  
* 



Figure 30. Total parawing road versus time from launch, single keel 
parawing, Test 2 OOS 



Figure 31.  Total parawing loadfdynamic pressure versus time from 
launch, single keel parawing, Test 20uS 



Figure 32.  Total parawing load versus time from launch, 
single keel parawing, Test 201s 



Figure 33 .  Total parawing load/dynamic pressure versus time from 
launch, twin keel parawing, Test 201s 
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Figure 34.  Total parawing load versus time f r  om launch, twin keel 
parawing, Test 200T 



Figure 35 .  Total paawing loadfdynamic pressure versus time from 
launch, twin keel parawing, Test 200T 



Figure36.  Total parawing load versus  time from launch, twin keel 
parawing, Test  201T 



Figure 37 Total parawing loadldynamic pressure versus time from 
launch, twin keel parawing, Test 20iT 



Figure 58. Total parawing load versus time from launch, twin keel 
parawing, Test 202T 
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Figure 39. Total parawing loadldynamic pressure versus time from 
launch, twin keel parawing, Test 202T 



Figure 40 .  Total parawing load versus time from launch, twin keel 
parawing, Test 203T 



Figure 41- Total parawing loadldynamic pressure versus time from 
launch, twin keel parawing, Test 203T 



Figure 4 2 .  Total parawing load versus time from launch, twin keel 
parawing, Test 204T 



Figure 4 3 .  Total parawing load/dynamic pressure versus time from 
launch, twin keel parawing, Test 204T 



Figure 4 4 .  Total parawing load versus  time from launch, 
twin keel parawing, Test 205T 
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Figure 45 .  Total parawing load/dynamic pressure versus time 
from launch,, twin keel parawing, Test 205T 
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Figure 46. Total parawing load versus time from launch. twin keel 
parawing, Test 206T 
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Figure 47'. Total parawing load/dynarnic pressure versus time from 
launch, twin keel parawing, Test 206T 



Figure 48.  Total parawing load versus  time from launch, twin keel  
parawing, Test 207T 



Figure 4 9 .  Total parawing load/dynamic pree sure versus time from 
launch, twin keel parawing, Test 207T 
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Figure 5 0 .  Total parawing load versus time from launch, twin keel 
parawing, Test 208T 



Figure 51 .  Total parawing load/dynamic pressure versus time from 
launch, twin keel parawing, Test 208T 
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Figure 52. Total parawing load versus time from launch, twin keel 
parawing, Test 209T 



Figure 53. Total parawing load/dynamic pressure versus time from 
launch, twin keel parawing, Test 209T 
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Figure 5 4 .  Total parawing load vereue time from launch, twin keel 
parawing, Test 2 10T 



Figure 5 5 .  Total parawing load/dynamic pree sure versus time from 
launch, twin keel parawing, Test 2 10T 



Figure 5 6 .  Total parawing load versus time from launch, twin keel I 

parawing, Test 2 1 IT 
t 



Figure 57 Total parawing loadfdynamic pressure versus time from 
launch, twin keel parawing, Test 2 11T 
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Figure 58. Total parawing load versus time from launch, twin keel 
parawing, Test 250T 
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Figure 5 9 .  Total parawing loadldynamic pressure versus  time 
from launch, twin keel  parawing, Test  250T 
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Figure 6 0 .  Left plus aft riser load versus time from launch, 
twin keel parawing, Test 251T 
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Figure 61.  Left plus aft riser loadfdynamic pressure versus 
time from launch, twin keel parawing, Teet 251T 



Figure 62.  Total parawing load versus time from launch, twin keel 
parawing, Test 252T 



Figure 6 3 .  Total parawing loadldynamic pressure versus time from 
launch, twin keel parawing, Test 252T 
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Figure 6 4 .  Total parawing load versus time from launch, twin keel 
parawing, Teet 253T 



Figure 6 5 .  Total parawing loadldynamic pressure versus time from 
launch, twin keel parawing, Test 253T 



Figure 6 6 .  Total parawing ioad versus time from launch, twin keel 
parawing, Test 254T 
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i 
: .  Figure 6 8 .  Tota' +ara.wing load versus time from launch, twin keel i 

.. . parawing, Test 255T 
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Figure 6 9 .  Total parawing loadfdynamic pressure versus time from 
launch, twin keel parawing, Test 255T 



Table 5 p r e s e n t s  a  summary of t h e  deployment d a t a  o b t a i n e d  

dur ing  t h e  i n t e r m e d i a t e - s c a l s  tes t  program. The t a b l e  l i s t s  t h e  

fo l lowing informat ion  f o r  each test: 

a .  Descent weight ,  WD, ~ n d  suspended weight ,  WS 

b. Type and p e r c e n t  r e e f i n g  

c. Peak d e c e l e r a t i o n  r a t i o ,  G ,a t  l i n e  s - r e t c h  and d u r i n g  

each s t a g e ,  c a l c u l a t e d  by d i v i d i n g  t h e  peak s t a g e  para-  

wing l o a d ,  Fo, by t h e  d e s c e n t  weight  

d. Reference a r e a ,  CRSW, dur ing  each deployment s t a g e .  The 

va lues  were ob ta ined  from t h e  t o t a l  load/dynamic p r e s s u r e  

p l o t s  

e. Dynamic p r e s s u r e ,  q, a t  l i n e  s t r e t c h ,  a t  f i r s t ,  second 

and t h i r d  s t a q e  d i s r e e f ,  and a t  l i n e  t r a n s f e r  

f .  I d e n t i f i c a t i o n  of anomalies ,  i f  any, t h a t  occur red  d u r i n g  

t h e  test .  

A s  noted i n  Table 5 ,  t h e  s i n g l e  k e e l  parawings i n  t h e  t w o  
bomb-type v e h i c l e  tests u t i l i z e d  11.6 and 12.0 p e r c e n t  f i r s t - s t a g e  

i 

r e e f i n g .  The twin  k e e l  parawings i n  t h e  bomb-type v e h i c l e  tests 
> 

u t i l i z e d  8, 10 and 1 4  p e r c e n t  f i r s t - s t a g e  r e e f i n g ,  and t h e  twin  
: k e e l  parawings i n  t h e  c o n t r o l l a b l e - v e h i c l e  tests u t i l i z e d  10 per- 

.; c e n t  f i r s t - s t a g e  r e e f i n g .  F igure  70 p r e s e n t s  a p l o t  of  f i r s t - s t a g e  

r e f e r e n c e  a r e a ,  CRSW, ve r sus  p e r c e n t  r e e f i n g  f o r  a l l  twin k e e l  

: parawing tests,  excep t  f o r  T e s t s  206T, 208T, 211T and 251T. These 
. . 

tests were n o t  inc luded f o r  t h e  reasons  noted i n  Table 5. The 

curve showr i n  F igure  70 is drawn through t h e  average  CRSW v a l u e  

f o r  t h e  bomb-type v e h i c l e  tests, a t  each r e e f i n g  p e r t e n t a g e .  The 
2  average CRSW va lue  f o r  8  p e r c e n t  r e e f i n g  is 295 f t  . For 10 and 

1 4  p e r c e n t  r e e f i n g  t h e s e  v a l u e s  a r e  355 and 400 f t 2 ,  r e s p e c t i v e l y .  

The CRSW v a l u e s  f o r  t h e  c o n t r o l l a b l e  v e h i c l e  tests va ry  from 280 

t o  310 f t 2 ,  wi th  an average  v a l u e  of 295 ft2. The lower average  

CRSW va lue  f o r  t h e s e  tests, i n  comparison wi th  t h e  borrb-type ve- 

h i c l e  tests, is  a t t r i b u t e d  t o  t h e  wake produced by t h e  c o n t r o l l a b l e  

test v e h i c l e .  .- 







Figure  71 p r e s e n t s  a p l o t  of f i r s t - s t a g e  r e s u l t a n t  f o r c e  

c o e f f i c i e n t  v e r s u s  p e r c e n t  r e e f i n g  f o r  t h e  twin k e e l  parawing 

in te rmedia te - sca le  f r e e  f l i g h t  tests, smal l - sca le  f r e e  f l i g h t  

tests and smal l - sca le  wind t u n n e l  tests.  T e s t  p o i n t s  shown f o r  

t h e  in te rmedia te - sca le  bomb and c o n t r o l l a b l e  v e h i c l e  f r e e  f l i g h t  

tests a r e  t h e  same a s  those  p resen ted  i n  F igure  70, wi th  a s o l i d  

l i n e  f a i r i n g  through t h e  bomb-type v e h i c l e  test  d a t a .  The dashed 

l i n e  curve  shown i n  F igure  71 is  f a i r e d  through t h e  smal l - sca le  

bomb-type v e h i c l e  t es t  d a t a  t h a t  extend from abou t  15 through 22 

p e r c e n t  r e e f i n g .  The curve  f o r  t h e  smal l - sca le  wind t u n n e l  tests 

extends  from about  10 through 22 p e r c e n t  r e e f i n g  and was t aken  

from Reference 1. Comparison of t h e  t h r e e  curves  shows t h a t  t h e  

f i r s t - s t a g e  r e s u l t a n t  f o r c e  c o e f f i c i e n t  d a t a  were reasonably  con- 

s i s t e n t  i n  t h e  t h r e e  d i f f e r e n t  phases of  t e s t i n g .  

The peak d e c e l e r a t i o n  r a t i o ,  G,  f o r  each r e e f i n g  s t a g e  o f  

each test, a s  p resen ted  i n  Table 5 ,  i s  p l o t t e d  i n  F igure  72. 

Review of F igure  72 shows: 

a .  The G va lues  f o r  f i r s t  s t a g e  range  between 3.0 and 4.0 

ior  tests ~ o n d u c t e d  a t  t h e  h i g h e r  l i n e  s t r e t c h  dynamic 

p r e s s u r e s .  The G v a l u e  of 5.39 f o r  T e s t  203T appears  

abnormally h igh  when compared wi th  o t h e r  tests conducted 

a t  s i m i l a r  c o n d i t i o n s .  

b .  Second-stage G va lues  a r e  about  3.0 o r  less, e x c e p t  f o r  

t h e  two tests conducted a t  8 p s r c e n t  r e e f i n g  (209T and 

210T) p l u s  T e s t  204T. The 3.47 v a l u e  f o r  T e s t  204T ap- 

p e a r s  h igh .  

L-. Two t h i r d - s t a g e  G v a l u e s  were over  4.0 (Tes t s  202T and 

205T); a l l  o t h e r s  were l e s s  t h a n  3.3. Both T e s t s  202T 

and 205T u t i l i z e d  r e e f i n g  Version A where t h e  nose was 

n o t  r e e f e d .  Reefing Vers ion  A al lowed t h e  t h i r d  s t a g e  

t o  i n f l a t e  t o  a l a r g e r  r e f e r e n c e  a r e a  t h a n  f o r  r e e f i n g  

Versions B and C where t h e  nose was r e e f e d .  
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d. A l l  t e s t s  t h a t  used r e e f i n g  Varsion A ( l a r g e r  t h i r d  
8 .  

P s t a g e  r e f e r e n c e  a r e a )  developed f o u r t h - s t a g e  l o a d s  t h a t  
1 

were l e s s  than  2.0 G u s .  T e s t s  t h a t  u t i l i z e d  r e e f i n g  

Versions B o r  C developed l a r g e r  l o a d s ,  b u t  t h e s e  l o a d s  
were l e s s  than  3 G ' s  i n  a l l  c a s e s .  

e. A l l  fu l l -open  loads  were less t h a n  3 G ' s .  

Thus, i t  may be concluded t h a t  t h e  f i r s t - s t a g e  G Qalues  were 

l i m i t e d  t o  a  maximum of 4 G ' s  wi th  10 p e r c e n t  r e e f i n g  and deploy- 

ment dynamic p r e s s u r e s  of 76 psf o r  less. Second-stage G v a l u e s  

were about  3.0 G I s  o r  less, excep t  f o r  T e s t  204T and f o r  tests 

i where 8 p e r c e n t  r e e f i n g  was used ( 8  p e r c e n t  r e e f i n g  r e s u l t e d  i n  

h igher  dynamic p r e s s u r e  a t  f i r s t - s t a g e  d i s r e e f ) .  For t e s t s  where 

nose r e e f i n g  was used,  a l l  t h i r d - s t a g e  G v a l u e s  were less t h a n  3.3 

G I s .  Fcur th-s tage  and fu l l -open  G va lues  were less than  3.0 i n  

a l l  tests.  

Figure  73 p r e s e n t s  a  p l o t  of f i r s t - s t a g e  peak d e c e l e r a t i o n  

r a t i o ,  G ,  ve r sus  dynamic p r e s s u r e  a t  l i n e  s t r e t c h  f o r  t h e  i n t e r -  

mediate-scale bomb t e s t s .  The f a i r i n g s  shown i n  F igure  73 repre -  

s e n t  8, 1 0  and 1 4  p e r c e n t  r e e f i n g  and were drawn through t h e  d a t a  

p o i n t s  from tests t h a t  were conducted a t  t h e s e  r e e f i n g  pe rcen tages  

on a  " b e s t  f i t "  b a s i s .  I n  g e n e r a l ,  F igure  73 shows t h a t  ,G load  

i n c r e a s e s  wi th  dynamic p r e s s u r e  wi th  each of t h e  r e e f i n g  percent -  

ages used i n  tes t .  However, t h e  number of tests conducted a t  t h e  

same r e e f i n g  percentage  and d e s c e n t  weight  i s  cons ide red  i n s u f f i -  

c i e n t  t o  f i r m l y  e s t a b l i s h  t h e  f a i r i n g s  shown. Previous  exper ience  

wi th  parachute-type d e c e l e r a t o r s  i n d i c a t e s  t h a t  t h e  s l o p e s  of t h e  

f a i r i n g s  should dec rease  wi th  i n c r e a s i n g  dynamic p r e s s u r e .  

I n  o r d e r  t o  compare t h e  loads  d a t a  from tests conducted a t  

va r ious  d e s c e n t  weights ,  r e e f i n g  r a t i o s  and dynamic p r e s s u r e s  a t  

event  i n i t i a t i o n ,  a n  e m p i r i c a l  method u t i l i z i n g  t h e  load  f a c t o r ,  

C ~ '  was employed. I n  t h i s  e n p i r i c a l  method, load  f a c t o r  is d e f i n e d  
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Figure 7 3. First-stage peak deceleration ratio versus dynamic 
pressure at line stretch 



T h i s  f a c t o r  r e l a t e s  t h e  peak t o t a l  parawing l o a d ,  G W D ,  f o r  each 

s t a g e  to  ?:I(.- r e f e r e n c e  a r e a ,  CRSW, and t h e  dynamic p r e s s u r e ,  q ,  

a t  t h e  s t a r t  of t h e  r e e f i n g  s t a g e  under c o n s i d e r a t i o n .  The load 
f a c t o r ,  CX, i s  t h e  r a t i o  of t h e  a c t u a l  peak f o r c e  d u r i n g  a n  open- 

ing  p rocess  t o  t h e  f o r c e  t h a t  wculd have t e e n  genera ted ,  had t h e r e  

been no v e l o c i t y  decay dur ing  t h e  opening p rocess  and had t h e  f o r c e  

been e q u a l  on ly  t o  t h e  product  of r e f e r e n c e  a r e a  and dynamic p res -  

su re .  The load f a c t o r  a l s o  i n c l u d e s  t h e  e f f e c t  of v e i o c i t y  decay 

dur ing  t h e  OF ning p rocess  and t h e  dynamics of t h e  opening p rocess .  

The d a t a  r e q u i r e d  t o  c a l c u l a t e  load  f a c t o r  f o r  each t e s t  a r e  

p resen ted  i n  Table 5. The load  f a c t o r s  computed from t h e s e  d a t a  

a r e  t a b u l a t e d  i n  Table 6 .  I n h e r e n t  l i m i t a t i o n s  i n  ASKANIA photo- 

t h e o d o l i t e  measurements of space  p o s i t i o n ,  v e l o c i t y ,  and a c c e l e r a -  

t i o n  dur ing  p e r i o d s  of r a p i d  v e l o c i t y  change make computat ions of  
r e f e r e n c e  a r e a  d i f f i c u l t .  Therefore ,  i n  t h e  c a l c o l a t i o n  of C K ,  

average r e f e r e n c e  a r e a s ,  (CDSw)AvEt based on t h e  r e s u l t s  of a l l  

a p p l i c a b l e  tests of t h e  same r e e f i n g  c o n f i g u r a t i o n ,  were used. 

I n  a d d i t i o n  t o  load f a c t o r s ,  Table 6 p r e s e n t s  a  summary of  t h e s e  

average r e f e r e n c e  a r e a s  and canopy l o a d i n g s ,  WD/(C S ) D w AVE' f o r  each 
test. Data from tests where s t r u c t u r a l  f a i l u r e s  o r  anomalies  oc- 

cu r red  dur ing  deployment a r e  n o t  inc luded.  F i r s t  s t a g e  (CRSW)AVE 
va lues  were c a l c u l a t e d  f o r  t h e  twin-keel  parawiny, bomb-type ve- 

h i c l e  tests a t  each r e e f i n g  r a t i o .  S ince  only  one r e e f i n g  r a t i o  

( 1 0  p e r c e n t )  was used f o r  t h e  c o n t r o l l a b l e  v e h i c l e  tests,  t h e  aver-  

age CRSW v a l u e  shown i s  based on a l l  tests of t h i s  type .  S ince  

second-stage r e e f i n g  was e s s e n t i a l l y  t h e  same Zor a l l  twin k e e l  

parawing t e s t s ,  t h e  average  r e f e r e n c e  a r e a  shown i s  an  average  from 

a l l  t e s t s .  Thi rd-s tage  va lues  were c a l c u l a t 2 d  i n  two groups -- 
t ~ s t s  t h a t  u t i l i z e d  nose r e e f i n g ,  and tests t h a t  d i d  no t .  Average 
r e f a r e n s e  a r e a s  f o r  t h e  f o u r t h  s t a g e  and f ~ r  t h e  ful l -ope, ;  s t a g e  

were c a l c u l a t e d  by us ing  a l l  i n t e r m e d i a t e - s c a l e ,  twin k e e l  parawing 

test d a t a ,  



TABLE 6 .  - SUMMARY O F  REFLRENCE ARE-4, LOAD FACTOR 
AND CANOPY LOADING DATA 

Canopy loading, 



The load f a c t o r  (CK) and t h e  canopy loading,  WD/ (CRSw) ,, , 
f o r  each s t age  and f o r  each intermediate-scale  test were presented 

i n  Table 6. The load f a c t o r  method may be used t o  p r e d i c t  loads 

by using t h e  r e l a t i o n :  

provided t h e  r e l a t i o n s h i p  between CK and descent  weight,  r ee f ing  

r a t i o ,  and dynamic pressure  is known. Extensive work with  para- 

chute-type f l e x i b l e  dece l e ra to r s  has e s t a b l i s h e d  t h a t  a c o n s i s t e n t  

c o r r e l a t i o n  e x i s t s  between load f a c t o r ,  u n i t  canopy loading,  and 

i n i t i a l  dynamic pressure ,  f o r  a given dece l e ra to r  conf igura t ion ,  

The genera l  method of p resen t ing  t h i s  c o r r e l a t i o n  is  a p l o t  of 

load factor, CK, versus  u n i t  canopy loading,  WD/CRSW, with  dynamic 

pressure  (o r  equ iva len t  v e l o c i t y )  as an independent parameter, 

Typical load f a c t o r  p l o t s  f o r  r i n g s a i l  parachutes are presented i n  

Reference 2. Figure  74 p resen ts  such a p l o t  f o r  t h e  in termediate-  

scale parawing f i r s t  s tage .  For t h e  bomb-type veh ic l e  tests, con- 

s t a n t  line-stretch-dynamic-pressure l i n e s  from 30 t o  100 psf are 

shown as s o l i d  l i n e s ,  The c o n t r o l l a b l e  veh ic l e  tests were con- 

ducted a t  line-stretch-dynamic-pressure values  t h a t  va r i ed  over a 

small range (23.9 t o  31.4 p s f )  o r  a t  an average of about 28 p s f .  

A dashed l i n e  f o r  t h i s  average va lue  is a l s o  shown i n  t h e  p l o t .  

This dashed l i n e  is independent of t he  s o l i d  l i n e s  and p e r t a i n s  

only t o  t h e  c o n t r o l l a b l e  veh ic l e  tests. The higher  CK values  f o r  

these  tests is a t t r i b u t e d  t o  a c o n t r o l l a b l e  veh ic l e  wake e f f e c t .  

The value shown following each test number is t h e  dyanmic pressure  

a t  parawing l i n e  s t r e t c h  f o r  t h a t  test.  

The s lope  and spacing of t he  cons tan t  dynamic-pressure l i n e s  

a r e  based on t h e  da t a  t h a t  a r e  p lo t t ed .  Except f o r  i n f i n i t e  mass 

cases ,  p a s t  experience has  shown t h a t  load f a c t o r  decreases  with 

increas ing  dynamic pressure  a t  any cons tan t  u n i t  canopy loading. 

This same e f f e c t  is  seen f o r  the  d a t a  p l o t t e d  i n  Figure 74. 



Figure 74. Load factor versus canopy loading, first stage 



Review of  t h e  d a t a  i n d i c a t e s  t h a t  t h e r e  is good agreement 

among tests, and t h a t  t h e  load  f a c t o r  method f o r  p r e d i c t i n g  f i r s t -  

s t a g e  parawing l o a d s  i s  usable .  The Cx va lues  from t h e  twin-keel  

parawing, c o n t r o l l a b l e  v e h i c l e  tests were abou t  22 p e r c e n t  h igher  

than those  from t h e  bomb-type v e h i c l e  tests. 

F igures  75 and 76 p r e s e n t  p l o t s  of  load  f a c t o r  (CK) v e r s u s  

second- and t h i r d - s t a g e  canopy load ing ,  r e s p e c t i v e l y .  Examination 

of t h e  p l o t  f o r  t h e  second s t a g e  i n d i c a t e s  t h a t  t h e r e  is ,  as f o r  

t h e  f i r s t  s t a g e ,  a c o n t r o l l a b l e - v e h i c l e  wake e f f e c t .  A s  t h e  para-  

wing opens i n t o  t h i r d  s t a g e ,  t h i s  e f f e c t  appears  t o  be s m a l l .  Be- 

cause  of t h e  g r e a t e r  v a r i a b i l i t y  of opening d u r i n g  t h e  second and 

t h i r d  s t a g e ,  the data d i d  n o t  fo l low as c o n s i s t e n t  a p a t t e r n  a s  

t h e  d a t a  f o r  t h e  f i r s t  s t a g e .  : t v o  h i g h e s t  c a l c u l a t e d  CK v a l a e s  

f o r  t h e  t h i r d  s t a g e  w e r e  from T s s t s  202T and 205T. The t h i r d - s t a g e  

G loads  f o r  t h e s e  tests, which u t i l i z e d  r e e f i n g  Vers ion  A (wi thout  

nose r e e f i n g )  were a l s o  t h e  h i g h e s t  v a l u e s  of a l l  t h e  a p p l i c a b l e  

tests (see F igure  72) . 
* 

Figure  77 p r e s e n t s  p l o t s  of  peak d e c e l e r a t i o n  r a t i o ,  G ,  v e r s u s  t 
f 

canopy load ing  f o r  t h e  f o u r t h - r e e f e d  s t a g e  and f o r  f u l l  open. For f 

t h e  f o u r t h  s t a g e ,  a smal l  c o n t r o l l a b l e - v e h i c l e  wake e f f e c t  i s  s t i l l  i 

e v i d e n t .  The G v a l u e s  appear  t o  d e c r e a s e  wi th  i n c r e a s i n g  canopy 

loading.  A l l  tests t h a t  u t i l i z e d  r e e f i n g  Version A ( l a r g e r  t h i r d -  
f 
3 

s t a g e  r e f e r e n c e  a r e a  than  f o r  r e e f i n g  Versions B and C )  r e s u l t e d  

i n  a lower dynamic p r e s s u r e  a t  t h i r d - s t a g e  d i s r e e f  and a c o r r e -  t 
E 

spondingly lower four th - s t age  load.  The h i g h e s t  f o u r t h - s t a g e  load 

measured was i n  T e s t  250Tf where t h e  v a l u e  was 2.98 G.  For f u l l  

open, a cont ro l lable-vehic le-wake e f f e c t  does n o t  appear  t o  e x i s t .  

The G va lues  dec rease  wi th  i n c r e a s i n g  canopy load ing  and t h e  high- 

e s t  G va lue  (2.85) was recorded dur ing  T e s t  202T. 

F igure  78 p r e s e n t s  a p l o t  which shows t h e  r a t i o  of  parawing 

sna tch  load t o  d e s c e n t  weight  v e r s u s  (C  S) 
D P  

3/4qLs/~, f o r  t h e  twin 



Second stage canopy loading. WD/(= 1 R W A V E ,  
lbS/ft2 

Figure  75. Load factor versus  canopy loading, second stage 

112' 



Third-stage canopy loading, 
lbS/ft2 

Figure 76. Load factor versus canopy loading, third stage 
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Figure 77. Ratio of peak load to descent  weight ve rsus  canopy loading, 
fourth s tage  and ful l  open 



W D  
Figure 78. Ratio of parawing snatch load to descent weight versus 

314 
c=,s)p s,lw, 



k e e l  parawing tests. Snatch load v a r i e s  a s  t h e  d i f f e r e n c e  i n  

v e l o c i t y  a t  l i n e  s t r e t c h  between t h e  parawing and t h e  v e h i c l e ,  

times t h e  square  r o o t  of t h e  product  of t h e  parawing s p r i n g  con- 

s t a n t  and t h e  parawlng mass. For a l l  t w i n  k e e l  parawing tes ts ,  
t h e  s p r i n g  c o n s t a n t  and mass were e s s e n t i a l l y  c o n s t a n t .  The d i f -  

f e rence  i n  v e l o c i t y  between t h e  parawing a t  l i n e  s t r e t c h  and t h e  

v e h i c l e  i s  a f u n c t i o n  of t h e  d rag  a r e a  of  t h e  p i l o t  p a r a c h u t e ( s ) ,  

(CDS)pt and t h e  dynamic p r e s s u r e  dur ing  t h e  deployment p rocess .  

F igure  78  shows t h a t  i f  t h i s  d i f f e r e n t i a l  v e l o c i t y  i s  r e p r e s e n t e d  

by (CDSlp 3/4 q~~ correla-:.ion wi th  s n a t c h  load is  good. F igure  
78 a l s o  shows t h a t  onatch load can be mainta inea  a t  o r  nea r  t h e  

3  G l e v e l .  The two tests t h a t  exceeded t h i s  l e v e l  were T e s t s  209T 

and 210T where sna tch  loads  of 3 . 4  and 4.0 G ' s ,  r e s p e c t i v e l y ,  were 

measured. For t h e s e  tests, t h e  p roduc t  of (CDS) pqLS produced a 

parawing-pack-extraction f o r c e  of n e a r l y  5 G ' s .  S ince  p a s t  exper- 

i ence  i n d i c a t e s  t h a t  a parawing-pack-extract ion f o r c e  of 4 t o  4 . 5  

G ' s ,  computed i n  t h i s  manner, i s  s u f f i c i z n t  f o r  parawlng deploy- 

ment, t h e  two h igh  s n a t c h  loads  could  have been reduced to  nea r  

t h e  3  G l e v e l  by reducing t h e  d rag  a r e a  of t h e  p i l o t  chu te .  The 

e m p i r i c a l l y  d e r i v e d  equa t ion  f o r  t h e  l i n e  f a i r e d  through t h e  d a t a  

i n  Fiqure  78 i s :  

S c a l e  P o i n t  T e s t s  

A s  i d e n t i f i e d  i n  t h e  s u b s e c t i o n  e n t i t l e d  INTERMEDIATE-SCALE 

TEST PROGRAM RATIONALE, f o u r  c a t e g o r i e s  of parawing tests were 
conducted on t h e  bomb-type test  v e h i c l e .  O f  prime importance i n  

a d i s c u s s i o n  of f i r s t - r e e f e d - s t a g e  loads  a r e  t h e  s c a l e  p o i n t  tests 
and  he deployment demonst ra t ion  tests. The deployment demonstra- 

t i o n  t e s t s ,  i n  a d d i t i o n  t o  providing i n t e r m e d i a t e - s c a l e  parawing 

deployment demonst ra t ions  a t  s e l e c t e d  p o i n t s  i n  t h e  p r e s c r i b e d  



.Teployment envelope, also served as - end point tests. That is, 

they were tests conducted at test point conditions to which certain 

of the small-sckle parawing tests had been scaled. Thus, these 

tests served as bases for comparing the results of small-scale para- 

wing tests scaled to those intermediate-scale end point conditions. 

On the other hand, the scale point tests were intermediate- 

scale parawing tests scaled to full-scale parawing end point con- 

ditions. These tests provided information on ths anticipated 

performance of a full-scale parawing system at selected end point 

conditions. The validity of this information and data is a func- 

tion of the scaling method used and how well it could be followed 

to establish the simulated test conditions. The scaling method 

applied in the parawing program is presented in Reference 1. 

Table 7 provides a comparison of the planned test conditions 

for intermediate-scale, twin keel, end-point-demonstration tests 

and the planned test conditions for intermediate-scale, twin keel 

scaled tests for full-scale parawing end point simulation. 

Several twin keel, end-point-demonstration tests were con- 

ducted using a 5000 pound descent weight. However, none of the 

tests that resulted in usable data were conducted at the exact 

conditions shown in Table 7 and at a first-stage reefing ratio 

that wo~ld permit direct comparison with the small-scale parawing 

tests that had been scaled to intermediate-scale test conditions. 

The line-stretch dynamic pressure for Test 205T was 76.3 psf, the 

test altitude was about 14,000 ft and the first-stage reefing 

ratio was 10 percent. This test closely simulates Test 102T, 

except for reefing ratio. The first-stage reefing ratio for Test 

102T was 21.9 percent. A comparison of these tests is possible, 

if actual test conditions are corrected to scaled values and to 

the same reefing ratio. Since 14 percent was the smallest reefing 

ratio used during small-scale testing and the largest used during 



TABLE 7, - INTERMEDIATE-SCALE, TWIN KEEL END POINT 
TEST CONDITIONS AND TEST CONDITIONS FOR 
FULL-SCALE PARAWING SIMULA'L~ON 

r 
intermediate-scale testing, it is possible to extrapolate both 3 

sets of data to th-'s point. For the intermediate-scale tests, the i 
I 

Parameter 

Parawlng canopy 

area, ft 2 

qLSt psf 

WD, lbs 

Altitude, ft 

Parawing canopy 

area, ft 2 

qLSt psf 

Altitude, /Weft 
relationship between parawing load anti reefing ratio may be deter- 

mined from Figure 74. This figure presents load factor, CK, as 

Intermediate- 
scale condi- 
tions for 
full-scale 
simulation 

Intermediate- 
scale end point 
conditions of 
small-scale 
simulation 

4,000 

70 

5,000 

18,000 

4,000 

100 

5,000 

18,000 

a function of canopy loading and line stretch dynamic pressure, 

for all tests. The relationship that has been established between 

1 

Full-scale end 
point conditions I 
for intermediate- 
scale simulation 

the parawing first-stage average reference area, (CRSw)AVEt and 
reefing ratio (Figure 7 0 ) ,  permits calculation of canopy loading 

and thus, the load for 14 percent reefing. The following illustra- 1 

I 

4,000 ! 
I 

10,000 

44.3 70 

3,795 i 15,000 

18,000 I 18,000 
I 

tive computations identify the end point conditions, and the method 

4,000 

63.3 

3,795 

18,000 

of calculating the first stage intermediate-scale load that simu- i 

10,000 

100 

15,000 

18,000 L 

lates small-scale Test 102T. Test 20AT is the intermediate-scale I 
reference test. I 



- !  

' .  
q D; = C ~ ( C ~ S ~ ) ~ ~ ~  LS D 

I 
.* 

i CK = 0.66, as determined from Figure 74 for a 

'D' ( C ~ S ~ )  AVE = 5000/400 = 12.5 lb/f tL and a qLS of 70 psf . 

(Cb~) AVE = 400 ft2 for 14 percent reefing (Figure 7 0 )  

~ L S  = 70 psf, which is an end point condition. 

G = 0.66 (400) 70/5000 = 3.7 

The corres-:onding load for Test 102T is: 

CK = 0.52, as corrected to 14 percent reefing in 

Reference 1. 

qLS = 35 psf 

WD = 254 lbs 

The previous computations show that the intermediate-sc~le 

load is about 28 percent higher than the small-scale load. A small 

portion (two to three percent) of the difference between the two 

may be due to the fact that several of the intermediate-scale bomb- 

type vehicle type tests were conducted at 14,000 feet, rather than 

the planned 18,000 feet. 

If a similar procedure is used to calculate loads for the 

second set of end point conditi~ns used in small-scale simulation, 

as shown in Table 7, the following comparison results: 

For intermediate-scale: 



For small-scale: 

G = 0 .52  (40) 50.8/254 = 4 .2  

For this case the intermediate-scale load is about 15 percent i 

higher than the corresponding small-scale load. 

The previous two cases tend to indicate that the scaling 
". 

method utilized may not be wholly valid. However, the problem ? 

could lie in the difficulty in providing test specimens that were 
! alike. The mismatch in the actual test reefing ratios has already : 

been discussed. Even if the reefing ratios had been identical in 4 d 

I 
the small- and intermediate-size scaling tests, the effective inlet i 

mouths may have been different. The intermediate-sqale psrawings i 

had nore reefing rings than the small-scale parawings. Thus, the 

geometry of the scallops (or cloth folds) around the reefing line 1 
I 

periphery were different for these two wing sizes. Since the wing I 
probably fills through these scallops, as well as through the 

reefing-line-defined mouth area, the effective mouth sizes for 

the two wing sizes could have been somewhat dissimilar, even at 

identical reefing ratios. Other factors that could account for 

the G load differences in the scale point tests are, 1) variations 

from the prescribed scaled test conditions (descent weight, dynamic 

pressure, deployment altitude), 2) normal variability of test 

measurements which could cause apparent differences in results 

when only the results cf a few tests are available, and 3) factors I 

not considered in the scaling method used, such as canopy flexibil- 

ity, material thicknesses, etc. I i 
8 

Table 8 presents a summary of loads in G's, for each deploy- 

ment stage, for the following scale point test conditions: 
i 

a. Small-scale conditions for intermediate-scale simulation 1 

(listed in Table 8 under Small-scale). 

m 





b. Intermediate-scale end point conditions of small-scale 

simulation (listed in Table 8 under Intermediate-scale 

and on the same line as G's shown for Small-scale). 

c. Intermediate-scale conditions for full-scale simulation 

(listed in Table 8 under Intermediate-scale and on the 

same line as G's shown for Full-scale). 

d. Full-scale end point conditions for intermediate-scale 

simulations (listed in Table 8 under Full-scale). 

Table 8, under Intermediate-scale, also lists the reefing 

configuration, weight, average reference area, canopy loading, 

and dynamic pressure. These parameters are either: 

a. End point conditions of small-scale simulation, e.g., 

lines one and two (these are the same conditions that 

were previously used for the two example computations). 

b. Scale conditions for full-scale simulation, e.g., lines 

five through ten. 

Under Full-scale, the weight., average drag area and dynamic i 

pressure are end point conditions for intermediate-scale simulation. 

The load idctors (CK), listed under Intermediate-scale, first 
j 

stage (Table 8), are determi-ed from Figure 74 for the canopy load- a 
ing and line stretch dynamic p:',zssure values shown. These load J 

.$ 
factors, along with the average reference areas, line stretch dy- % + 

f 

namic pressures and descent weights, are used to compute the G loads 
I. 

shown. The CK load factors rel.ltive to scale conditions for full- 

scale simulation (lines five t.h rough ten) , along with full-scale 
average reference areas, line stretch dynamic pressures and descent 

weights are used to compute the full-scale G loads shown. 

Figure 79 presents a plot of first-stage load factor versus 

percent reefing for all bomb-type vehicle tests. The figure also 

shows the relationship between load factor and percent reefing for: 
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a. Intermediate-scale tests corrected to 5000 pounds and a 

line stretch dynamic pressure of 100 psf (end-point con- 
i 

ditions of small-scale simulation). + 

b. Intermediate-scale tests corrected to 3800 pounds and a 

line stretch dynamic pressure of 63.3 psf (conditions 

for full-scale simulatiqn) . 
The load factor values for both of the above conditions were deter- 

". i 
mined from Figure 74 and are presented to show the effect of reef- 

ing on load factor for these scale poiqt tests. The decrease in 

load factor with percent reefing is cc.~sistent with a decrease in i 
1; 

canopy loading, WD/ (CRSW) AVE, which is due to an increase in first { 
stage reference x e a  (see Figure 70). The load factor values for 

Z 
8, 10 and 14 percent reefing are listed in Table 8. i 

i 

The results of intermediate-scale tests at end point condi- 1 
tions for small-scale simulation indicated that the first stage 

intermediate-scale loads were 15 to 28 percent higher than the 2 
i 

small-scale loads. The first-stage results of intermediate-scale 1 
a 

tests at conditions for full-sca1.e simulation (Table 8) show: : 
i 

P. 
a. Tests conducted at a line-stretch dynamic pressure of 3 i 

3 

63.3 psf (to simulate a full-scale parawing line-stretch 

dynamic pressure of 100 psf) result in first-stage peak 
1 

loads that vary from 3.9 to 3.4 G's, for reefing ratios i 
that vary from 14 to 8 percent, respectively. ! 

5 

b. Tests conducted at line stretch dynamic pressures of 

44.3 psf to simulate a full-scale parawing dynamic pres- 

sure of 70 psf result in peak loads that vary from 3.0 

to 2.6 G's for the same reefing ratio range. 

These results indicate that at a deployment dynamic pressure 

of 100 psf a full-scale parawing must be reefed to less than 8 

percent to maintain a 3 G peak load level in first stage. For a 

deployment dynamic pressure of 70 psf, the 3 G level could be main- 

tained with a reefing ratio as high as 14 percent. 



The accuracy  o f  t h e  above p r e d i c t i o n s  f o r  t h e  f u l l - s c a l e  para-  

wing i s  s u b j e c t  t o  t h e  same l i m i t a t i o n s  i n  s c a l i n g  t h a t  were p re -  

v i o u s l y  d i s c u s s e d .  

R e l a t i v e  t o  t h e  second r e e f i n g  s t a g e ,  t h e  dynamic p r e s s u r e  

a t  f i r s t - s t a g e  d i s r e e f  shown i n  Tab le  8 is  t h e  a v t r a g e  measured 

v a l u e  f o r  t h e  type  of  t e s t  b e i n g  c o n s i d e r e d ,  i . e . ,  c a t e g o r i z e d  

acco rd ing  t o  d e s c e n t  we igh t  and r e e f i n g  r a t i o .  S i n c e  a l l  5000 

pound tests ( a t  end p o i n t  c o n d i t i o n s  f o r  s m a l l - s c a l e  s i m u l a t i m )  

t h a t  r e s u l t e d  i n  u s a b l e  d a t a  were conducted w i t h  10 p e r c e n t  r e e f -  

i n g ,  t h i s  is t h e  o n l y  r e e f i n g  p e r c e n t a g e  shown. The second-s tage  

load  f a c t o r  ( C K )  of  1.09 f o r  t h e  5W0 pound tests was t a k e n  from 

T e s t  207T. The CK f a c t o r  o f  1 .18  f o r  t h e  3800 pound tests ,  ( f o r  

f u l l  s c a l e  s imula t ion1  f o r  a l l  r e e f i n g  r a t i o s ,  was t a k e n  from T e s t  

250T. These f a c t o r s  w e r e  t h e  h i g h e s t  c a l c u l a t e d  f o r  t h e  r e f e r e n c e  

tests shown i n  Tab le  8, w i t h  t h e  e x c e p t i o n  of  T e s t  204T. The c a l -  

c u l a t e d  CK v a l u e  of  1 . 7  f o r  t h i s  tes t  was s o  h i g h  i n  comparison 

wi th  t h e  n e x t  h i g h e s t  v a l u e  of  1 .18 ,  a s  t o  be  c o n s i d e r e d  a  w i l d  

p o i n t .  Choosing CK v a l u e s  based  on t h e  h i g h e r  v a l u e s  c a l c u l a t e d  

i n  any weight  c a t e g o r y  is  c o n s e r v a t i v e ,  i n  comparison w i t h  u s i n g  

a  l o a d - f a c t o r ,  canopy-loading p l o t  d i r e c t l y .  However, i n  t h i s  c a s e ,  

t h e  l o a d  f a c t o r  d a t a  were n o t  s u f f i c i e n t l y  c o n s i s t e n t  t o  do  o t h e r -  

w i s e .  The 2.7 G l oad  shown f o r  t h e  5000 pound case compares f a v o r -  

a b l y  w i t h  t h e  2.53 G v a l u e  i n d i c a t e d  from s m a l l - s c a l e  tests.  Had 

a  1 4  p e r c e n t  r e e f i n g  t e s t  been conducted ,  t h e  dynamic p r e s s u r e  a t  

f i r s t - s t a g e  d i s r e e f  would have been lower.  I n  a l l  l i k e l i h o o d ,  

t h i s  would have reduced t h e  G l oad  t o  2 .5  G ' s  o r  less. The G 

v a l u e s  shown f o r  t h e  f u l l - s c a l e  parawing a r e  based upon t h e  use  

of  a  9  second f i r s t - s t a g e  r e e f e d  i n t e r v a l .  The second s t a g e  G 

l oad  v a l u e ,  u s i n g  8 p e r c e n t  f i r s t - s t a g e  r e e f i n g ,  i s  3.4. 

The t h i r d ,  f o u r t h  and f u l l - o p e n  s t a g e  dynarcic p r e s s u r e  v a l u e s  

shown i n  Table  8 a r e  ave rage  v a l u e s .  Note t h a t  u se  o f  nose r e e f i n g  



( r e e f i n g  Versions B and C) reduces  t h e  t h i r d - s t a g e  and i n c r e a s e $  

t h e  four th - s t age  G va lues  s u b s t a n t i a l l y ,  and ~ 7 r m i t s  ho ld ing  a near  

3 G l e v e l  f o r  both s t a g e s .  G v a l u e s  shown f o r  t h e  t h i r d ,  f o u r t h  

and fu l l -open  s t a g e s  a r e  maximum v a l u e s  ar.d r e f e r  t o  t h e  r e f e r e n c e  

tests shown i n  t h e  t a b l e .  The t h i r d - s t a g e  G v a l u e  of  4.6,  f o r  a 

5000 pound test  wi thou t  nose r e e f i n g ,  i s  h igh i n  comparison wi th  

t h e  2.89 v a l u e  p r e d i c t e d  from smal l - sca le  t e s t s .  The f o u r t h - s t a g e  

and fu l l -open  va lues  a r e  abou t  t h e  same o r  lower t h a n  expected ,  

based on smal l - sca le  tests. The f u l l - s c a l e  va lues  shown f o r  t h e  

l a s t  t h r e e  s t a g e s  a r e  based on t h e  assumption t h a t  nose r e e f i n g  

would be used on t h e  f u l l - s c a l e  parawing. 

Parawing Geometry During t h e  Opening Sequecce 

F igure  80 p r e s e n t s  ske tches  of t h e  d i s ree f ing-sequence  geom- 

e t r y  f o r  a t y p i c a l  twin k e e l  parawing. The s k e t c h e s ,  which were 

made from on-board camera f i l m s ,  show t h e  p r o i s c t e d  parawing plan-  

form f o r  each deployment s t a g e  and f o r  f u l l  open. The t h r e e  views 

shown f o r  f i r s t  s t a g e  r e p r e s e n t  t h e  t h r e e  r e e f i n g  pe rcen tages  ( 8 ,  

10 and 1 4  p e r c e n t )  t h a t  were used dur ing  t e s t i n g .  The two views 

,r t h i r d  s t a g e  r e p r e s e n t  t h e  wing planform wi th  and wi thout  nose 

r e e f i n g .  The dimensions shown i n  F igure  80 a r e  i n  terms of  t h e  

r e f e r e n c e  k e e l  l eng th  (aK) . 
Figures  8 1  through 8 3  prov ide  p l o t s  of t h e  parawing f i r s t .  

s t a g e  p r o j e c t e d  a r e a  v e r s u s  t i m e .  These p l o t s  a r e  p resen ted  t o  

show t h e  c h a r a c t e r i s t i c  f i r s t - s t a g e  f i l l i n g  p rocess  f o r  t h e  para- 1 
wing. This  f i l l i n g  p rocess  i s  shown f o r  t h e  t h r e e  r e e f i n g  pe rcen t -  

ages t e s t e d ,  namely 1 4 ,  10 and 8 p e r c e n t .  For comparison purposes 

t h e  p l o t t e d  d a t a  i n  t h e s e  f i g u r e s  a r e  nondimensionalized. P r o j e c t e d  

a r e a  i s  expressed  a s  t h e  r a t i o  of ins tan taneous  p r o j e c t e d  a r e a  t o  

f u l l y - i n f l a t e d  p r o j e c t e d  a r e a  and p l o t t e d  v e r s u s  t h e  nondimensional 

t ime parameter ,  t/tf. The p r o j e c t e d  a r e a  v a l u e s  were determined 
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4 
from film analysis, using on-board film coverage. The fully- 1 
inflated projected area was determined by averaging the areas from 

the instant of parawing full reefed inflation until first-stage i 
i disreef. The first-stage filling time, tf, was established as the 

time from parawing line stretch to the time when the projected- I 

area-ratio time curve intersected the full inflation line. All 

three internediate-scale tests shown in Figures 81 through 83 were 

conducted with a 3800 pound descent weight, at a line-stretch dy- b 

b 

namic pressure of about 65 psf. The scatter shown by the data is a 

due both to actual fluctuations of the parawing canopy and to in- 

accuracies in the measurement of the projected areas. 

Figures 81 through 83 show that the first-stage inflation pro- r 

cess can best be represented by two, straight-line segments. This 

is the same filling characteristic that was exhibited in the Langley 

small-scale parawing wind tunnel tests and in the small-scale drop 
i 

tests. To illustrate this fact, Figure 81 provides a comparison 

of the first-stage filling process for Test 203T with small-scale 

Test 105T. Both tests were conducted with 14 percent first-stage 

reefing. Note the close similarity of these two inflations pro- 

cesses. ?he change-in-slope point for both tests occurred at a 

t/tf value of about 0.35. 

The effect of reefing percentage on the first-stage fill rate . 

can be seen by comparing the slopes of the initial straight-line 

segments of the three intermediate-scale tests in Figures 81 through 

83. Test 203T with 14 percent reefing (Figure 31) shows the steep- j 

est initial inflation rate. Test 202T with 10 percent reefing 

(Figure 82) shows a less steep initial inflation rate. Test 210T : 

with 8 percent reefing (Figure 83) shows the least steep initial 
I 

I 
inflation rate of the three tests. Computer simulations confirm i 

? 

that the magnitude of the peak reefed load is a function of the i 
I 

slope of the initial reefed inflation rate. Thus, the observed 2 
?' 

. . i trend of lower peak-first-stage loads with decreasing reefing ratio : 
is logical and consistent with these inflation characteristics data. 

132 



Table 9 p r e s e n t s  a  summary of f i r s t - s t a g e  f i l l i n g  t ime and 

t i m e  t o  peak load ,  a long wi th  t h e  parameters  which in f luenced  f i l l -  

i n g  t i m e ,  f o r  a l l  a p p l i c a b l e  twin k e e l  bomb-type v e h i c l e  t e s t s .  

Parameters  t h a t  i n f l u e n c e  f i l l i n g  t i m e  i n c l u d e  d e s c e n t  weight  and 

v e l o c i t y  a t  i i n e  s t r e t c h ,  both of which i n f l u e n c e  t h e  average  

v e l o c i t y  dur ing  t h e  i n f l a t i o n  p r o c e s s ,  p l u s  r e e f i n g  r a t i o .  

F igures  8 4  and 8 5  show the e f f e c t s  of r e e f i n g  r a t i o  and ve- 

l o c i t y  a t  l i n e  s t r e t c h  on parawing f i r s t - s t a g e  f i l l i n g  t ime,  based 

on s e l e c t e d  d a t a  from Table 9 .  From s imple  vo lumet r i c  f low consid-  

e r a t i o n s  f o r  a n  incompress ib le  g a s ,  parawing f i l l i n g  t i m e  i s  pro- 

p o r t i o n a l  t o  t h e  r e c i p r o c a l  of t h e  average  v e l o c i t y  d u r i n g  t h e  

f i l l i i ~ g  p rocess  and t h e  mouth a r e a .  I n  F igure  8 4  f i l l i n g  t i m e  i s  

p l o t t e d  ve r sus  t h e  i n v e r s e  of r e e f i n g  r a t i o  squared  (where r e e f i n g  

r a t i o  squared is a  measure of t h e  mouth a r e a )  f o r  Tests 203T, 202T, 

209T and 210T. These t e s t s  were conducted a t  e s s e n t i a l l y  t h e  same 

descen t  weight  and a t  approximately t h e  same v e l o c i t y  a t  l i n e  

s t r e t c h .  Thus, t h e  b a s i c  v a r i a b l e  i s  r e e f i n g  r a t i o .  F igure  8 4  

shows t h a t  f i l l i n g  t i m e  i n c r e a s e d  l i n e a r l y  w i t h  t h e  i n v e r s e  of 

r e e f i n g  r a t i o  squared.  This  same o b s e r v a t i o n  w a s  noted d u r i n g  both  

wind t u n n e l  and a e r i a l  t e s t i n g  of smal l - sca le  parawings. 

F igure  8 5  p r e s e n t s  a  p l o t  of f i l l i n g  t i m e  v e r s u s  v e l o c i t y  a t  

parawing l i n e  s t r e t c h .  The p l o t  shows t h e  combined e f f e c t s  of  

r e e f i n g  r a t i o  and l i n e - s t r e t c h  v e l o c i t y  on f i l l i n g  t i m e .  (The 

c o n s t a n t - r e e f i n g - r a t i o  l i n e s  were developed from a  p l o t  o f  f i l l i n g  

time ve r sus  t h e  i n v e r s e  of l i n e - s t r e t c h  v e l o c i t y ,  which provided 

s t r a i g h t  l i n e  f a i r i n g s .  Data from T e s t s  205T, 207T and 201T, which 

were conducted a t  t h e  same 1 0  p e r c e n t  r e e f i n g  r a t i o  and descen t  

weight ,  b u t  i n  a  range  of l i n e - s t r e t c h  v e l o c i t i e s ,  were used t o  

develop t h e  s l o p e  of  t h e  f a i r i n g s . )  F igure  85 shows t h a t  f i r s t -  

s t a g e  f i l l i n g  t i m e ,  t f t  decreased both wi th  i n c r e a s i n g  l i n e - s t r e t c h  

v e l o c i t y  and i n c r e a s i n g  r e e f i n g  r a t i o .  The manner i n  which f i r s t -  

s t a g e  f i l l i n g  t i m e  d e c ~ e a s e d  wi th  i n c r e a s i n g  r e e f i n g  r a t i o ,  a t  a  

g iven v e l o c i t y  and d e s c e n t  weight ,  was shown i n  F igure  8 4 .  
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Figure 84. First-stage filling t:me versus inverse 
of reefing ratio squared 
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Velocity at line stretch, V ft lsec 
Ls, 

Figure 85. First-stage filling time versus velocity at line stretch 
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Suspens ion  L ine  Loads 

Suspension l i n e  l o a d s  were measured i n  a l l  t h e  i n t e r m e d i a t e -  

s c a l e  d rop  tests which u t i l i z e d  a bomb-type t e s t  v e h i c l e .  Table  

10 p r e s e n t s  t h e  d a t a  o b t a i n e d  from s i n g l e  k e e l  parawing T e s t  No. 

200s -- t h e  on ly  s i n g l e  k e e l  parawing t e s t  w i t h  u s a b l e  suspens ion-  

l i n e - l o a d s  d a t a .  F igu res  86 through 90 p r e s e n t  t h e  d a t a  o b t a i n e d  

from t h e  twin  k e e l  parawing tes ts .  

TABLE 10. - RATIO OF PEAK-SUSPENSION-LINE LOAD TO PEAK- 
STAGE-TOTAL LOAD FOR 6--LINE-LEADING-EDGE, 
SINGLE KEEL PARAWING, TEST NO. 200s 

i L - Leading edge l i n e  
i 
3 K - Keel l!.ne 

Line  no. - 
L1 

L6 

K7 

K 1 2  
C 

2 Suspension l i n e  l o a d s  are p r e s e n t e d  a s  r a t i o s  of  peak f o r c e  
i. i n  each deployment s t a g e  t o  peak measured t o t a l  parawing l o a d  f o r  

B t h a t  s t a g e .  (Peak l i n e  l o a d ,  i n  l b s ,  can  be  o b t a i n e d  by m u l t i p l y -  
,li- 
E i n g  t h e  l i n e  load  r a t i o  by t h e  p r o d u c t  o f  t h e  suspended we igh t  and 

.i t h e  G l o a d  f o r  t h e  g i v e n  s t a g e .  Suspended weight  and G l o a d  p e r  I 
! 
i 

i. s t a g e  are l i s t e d  i n  Tab le  5 f o r  a l l  t h e  i n t e r m e d i a t e - s c a l e  tests k 

% i ! 
conducted . )  A l l  measared l o a d s  r e p r e s e n t a t i v e  o f  t h e  parawing 

I 
c o n f i g u r a t i o n  t e s t e d  a r e  p r e s e n t e d .  Loads n o t  p r e s e n t e d  i n c l u d e  

tes ts  o r  s t a g e s  o f  tes ts  where: ! 

Deployment s t a g e  

1 2 3 4 F u l l  open 

. 0 15 .006 . O  39 . 0 16 .009 

.052 . O  39 . O  32 .046 .064 

.061 . 0 45 .073 .071 .092 

. 0 47 .031 .028 .027 .110 

a .  The parawing d i d  n o t  d i s r e e f  i n  a normal manner, e . g . ,  

t h e  f o u r t h  and f u l l - o p e n  s t a g e  of  T e s t  201T, where t h e  

l e f t  t r a i l i n g  edge d i d  n o t  d i s r e e f  a t  t h e  end of  t h e  

t h i r d  s t a g e .  
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b. The parawing sustained heavy structural damage, e.g., 

Tests 201S, 206T and 208T. 

.. i - .  All line load measurements were made in the left side suspen- 

sion lines. 

Test 200s utilized a reefing system with 11.6 percent first 

stage reefing. The twin keel tests utilized reefing systems A ,  B 

and C with 8, 10 and 14 percent first and second stage reefing. 

Reefing systems B and C included a 25-inch line that gathered the 

center section nose during the first three stages. Tests which 

utilized this nose reefing wGre 206T, 207T, 209T, 210T and 211T. 

These same tests also utilized an eleven-suspension-line-leading- 

- . edge parawing version, rather than the six-line version. 

, . Figures 86 and 87 indicate that the first and second stage 

reefing percentages had no effect on the measured line ioad ratios. 
. :  The effect, if any, of reefing Version A (Figure 26) in comparison 

with Versions B (Figure 27) and C (Figure 28) cannot be determined, 

since ti.ese versions utilized 6- and 11-suspension-line-leadi- q- 
3 

: edge parawings, respectively. 
, . 
; i .  

i 
. -. .- . ..: -,. Figures 91 and 92 present suspension-iine-load-ratio envelopes 
.' . 

... for all deployment stages for both the 6- and 11-suspension-line- i 
I . . 

. . . '  leading-edge parawings. Values for the 6-line leading edge para- 
, , 
, . 

, _. .  . wing were taken from maximum values measured during the intermediat- 
...? 
. . .-. I 

- .  a scale test program, as well as from values measured during the I 
&. f - .  

small-sc~le free flight and wind tunnel programs. Values for the 
, 

11-line leading edge parawing were taken from the intermediate- . . 

scale test program. In cases where data were scarce (forward keel % 

and trailing edge lines) values were extrapolated from the 6-line I 

parawing configuration. Comparison of Figures 91 and 92 shows that 

the suspension-line-load-ratios for the 11-suspension-line-leading- ? 

edge parawings are substantially less than those for the 6-line 

configuration. 







Suspens ion - l ine - load  r a t i o s  f o r  a l l  deployment s t a g e s  f o r  t h e  

l l - l i n e  l e a d i n g  edge ,  twin  k e e l  parawing a r e  summarized i l l  Tab le  

11. The v a l u e s  l i s t e d  i n  t h i s  t a b l e  are c o n s i d e r e d  t o  be t h e  

" b e s t  e s t i m a t e "  maximum v a l u e s  f o r  t h e  l l - l i n e  parawing c o n f i g u r a -  

t i o n ,  based  on a l l  a p p l i c a b l e  test  d a t a .  I t  may be no ted  t h a t  t h e  

second s t a g e  produces  t h e  h i g h e s t  l o a d  ra t ios  f o r  a l l  l e a d i n g  edge ; 

l i n e s ,  e x c e p t  f o r  l i n e s  1, 1-1/2, 5-1/2 and 6.  For  t h e s e  l i n e s  
t 

p l u s  a l l  t h e  k e e l  l i n e s ,  t h e  f u l l  open s t a g e  produces  t h e  h i g h e s t  

l o a d  r a t i o s .  F i r s t  s t a g e  p r o v i d e s  t h e  peak l o a d  r a t i o  f o r  s i d e -  
) .  
I 

l o b e - t r a i l i n g - e d g e  l i n e  1, w h i l e  t h i r d  s t a g e  c a u s e s  t h e  peak l o a d  i 
r a t i o  f o r  t r a i l i n g  edge l i n e s  2 and  3 .  ! 

Line  l o a d  r a t i o s  measured i n  T e s t  200s (Tab le  1 0 )  show t h a t  

t h e  peak l ead ing -edge - l i ne - load  r a t i o s  f o r  t h e  s i n g l e  k e e l  parawing 

a r e  less t h a n  t h o s e  f o r  t h e  comparable  l e a d i n g  edge  l i n e s  on  t h e  

twin  k e e l  parawing. However, t h e  s i n g l e  k e e l  parawing peak rear- 

k e e l - l i n e -  l oad  r a t i o s  are h i g h e r  t h a n  t h e  peak r e a r - k e e l - l i n e -  l oad  

rat ios f o r  t h e  twin k e e l  parawing.  

I n  g e n e r a l ,  t h e  r e e f i n g  sys tems  u t i l i z e d  i n  t h e  parawing tes t  

program r e s u l t e d  i n  nonuniform s u s p e n s i o n  l i n e  l o a d i n g .  T h i s  non- 

u n i f o r m i t y  o f  l i n e  l o a d i n g  is  b o t h  i n t r a s t a g e  ( i .e . ,  unequal  load-  

i n g  of  i n d i v i d u a l  suspens ion  l i n e s  i n  a g i v e n  r e e f i n g  s t a g e ) ,  and 

s t a g e - t o - s t a g e  ( i . e . ,  unequal  l o a d i n g  o f  a g i v e n  l i n e  f rom s t a g e  

t o  s t a g e ) .  Tab le  10 and F i g u r e s  9 1  and 92 i d e n t i f y  b o t h  of. t h e s e  

t y p e s  o f  l i n e  l o a d  nonun i fo rmi ty .  The d e g r e e  of  l i n e  l o a d  non- 

u n i f o r m i t y  i s  ev idenced  by t h e  f a c t  t h a t  f o r  t h e  i n t e r m e d i a t e - s c a l e  

parawings ,  t h e  r a t i o  of t o t a l  a v a i l a b l e  s u s p e n s i o n  l i n e  s t r e n g t h  1 
! 

t o  maximum d e s i g n  l o a d  was 3.5 on  t h e  s i n g l e  k e e l  spec imens ,  4 . 3  

on  t h e  6 - l i ne - l ead ing -edge ,  tw in  k e e l  specimens (Ver s ions  I and 11) 

and 4.9 on t h e  l l - l i n e - l e a d i n g - e d g e ,  t w i n  k e e l  specimens (Ver s ions  

I11 through V I I ) .  



> .  

TABLE 11. - RATIO OF PEAKoSUSPENSION-LINE LOAD TO PEAK-STAGE-TOTAL 
LOAD FOR 11-LINE-LEADING-EDGE, TWIN KEEL PARAWING 

L 

CONFIGURATION (l) 

Best estimate of maximum values. 

Line No. 

L - Leading edge line 
K - Keel line 
T - Side -lobe-trailing-edqe line 

Deployment stage 
Full 

1 2 3 4 Open 



Parawing Canopy F a i l u r e s  and F a i l u r e  Analyses  

Gene ra l .  - I n  t h e  c o u r s e  o f  t h e  i n t e r m e d i a t e - s c a l e  parawing 

f l i g h t  t e s t  program, a number o f  t es t s  r e s u l t e d  i n  s i g n i f i c c . n t  

parawing canopy s t r u c t u r a l  f a i l u r e s .  A n a l y s i s  of t h e s e  canopy 

f a i l u r e s  i n d i c a t e d  t h a t  t h e  f a i l u r e s  c o u l d  b e  grouped by f a i l u r e  

mode, w i t h  p r o b a b l e  c a u s e s  i d e n t i f i e d  f o r  each  f a i l u r e  mode. The 

f o l l o w i n g  pages  i d e n t i f y  t h e  s i g n i f i c a n t  canopy s t r u c t u r a l  f a i l -  

u r e s  which o c c u r r e d ,  e s t a b l i s h  t h e  f a i l u r e  modes, c i t e  t h e  c o r r e c -  3 

$ 

t i v e  a c t i o n s  t a k e n  and d i s c u s s  t h e  e f f i c a c y  of t h e  c o r r e c t i v e  

a c t i o n s .  
f 

I t  i s  s i g n i f i c a n t  t h a t  d e s p i t e  t h e  major  canopy damage i n -  1 
t 5 

c u r r e d  d u r i n g  t h e  deployment  p r o c e s s  i n  s e v e r a l  o f  t h e  f l i g h t  

tests ,  a l l  o f  t h e  damaged wings d i d  open and a c h i e v e  a s t e a d y  1 
g l i d i n g  c o n f i g u r a t i o n .  T h i s  f a c t  c l e a r l y  d e m o n s t r a t e s  t h e  p o s i -  

t i v e  opening  c h a r a c t e r i s t i c s  and i n h e r e n t  opening  r e l i a b i l i t y  o f  

t h e  parawing d e v i c e .  A l s o I  a i l  damaged wings a c h i e v e d  a low ve r -  
.T 

t i c a l  r a t e - o f - d e s c e n t  p r i o r  t o  touchdown of t h e  test  v e h i c l e .  I n  G 3 
f a c t ,  no test  i n  t h e  e n t i r e  parawing  program o f  s e v e n t y - f i v e  a e r i -  

a l  d r o p  tests r e s u l t e d  i n  loss of  a t e s t  v e h i c l e  o r  even  i n  major  
e 

damage t o  a t e s t  v e h i c l e  -- 2 r e c o r d  seldom e q u a l l e d  i n  aerodynamic 2 
d e c e l e r a t o r  development  programs.  i 

S i g n i f i c a n t  parawing  csnopy f a i l u r e s  and f a i l u r e  modes. - 
S i g n i f i c a n t  canopy s t r u c t u r a l  f a i l u r e s  o c c u r r e d  i n  s even  i n t e r -  3 

m e d i a t e - s c a l e  parawing a e r i a l  tests .  These tes t s  were s i n g l e  k e e l  

T e s t  201s and tw in  k e e l  T e s t s  202T, 205T, 203T, 208T, 211T and 

206T. F i g u r e s  9 3  t h rough  99 show t h e  major  parawing canoDy damage 

i n c u r r e d  i n  t h e s e  t e s t s .  F i g u r e  100 shows a photograph  of  t h e  

T e s t  206T parawing i n  s t e a d y  g l i d i n g  f l i g h t ,  w i t h  some of  t h e  can-  

opy damage i n  e v i d e n c e .  

From a n a l y s e s  o f  t h e  canopy f a i l u r e s  which o c c u r r e d  i n  t h e s e  

tests a t o t a l  o f  f o u r  f a i l u r e  modes were i d e n t i f i e d .  A l l  t h e  s i g -  

n i f i c a n t  canopy damage i n  t h e  sever. tests c i t e d  above c o u l d  b e  
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Figure 100. Test 206T parawing in gliding flight, showing 
some of the canopy damage. 



. :  
, i r e l a t e d  t o  t h e s e  f o u r  f a i l u r e  modes. Tab le  1 2  p r e s e n t s  t h e  f o u r  

f a i l u r e  modes, t h e  t i m e  o f  t h e i r  o c c u r r e n c e  i n  t h e  deployment pro-  

cess, t h e  a p p a r e n t  c a u s e ( s 1  o f  t h e  f a i l u r e  mode, t h e  tes t  occu r -  

r e n c e  and damage i d e n t i f i c a t i o n  f o r  each  f a i l u r e  mode, and l a s t l y ,  

t h e  c o r r e c t i v e  a c t i o n s  t aken .  

E f f i c a c y  o f  t h e  c o r r e c t i v e  a c t i o n s .  - For t h r e e  of  t h e  f o u r  

f a i l u r e  modes shown i n  Tab le  1 2 ,  namely, modes 2 ,  3 and 4 ,  t h e  

c o r r e c t i v e  a c t i o n s  t a k e n  were comple t e ly  s u c c e s s f u l .  For  f a i l u r e  

mode 1, t h e  c o r r e c t i v e  a c t i o n  w a s  o n l y  p a r t i a l l y  s u c c e s s f u l .  

I n  t h e  i n s t a n c e  o f  f a i l u r e  mode 2 ,  11 f l i g h t s  were flown 

a f t e r  t h e  c o r r e c t i v e  a c t i o n s  had been implemented o n  t h e  test  

wings,  w i t h  no  r e o c c u r r e n c e  o f  t h i s  f a i l u r e  mode. (Of t h e  11 

r l i g h t s  t h e  f i r s t  3 f l i g h t s  -- 207T, 25OT and  251T -- were f lown 

w i t h  added l i n e s  and l a r g e r  p a t c h e s  o n l y ;  t h e  l a s t  8 tests w e r e  

f lown w i t h  added l i n e s ,  l a r g e r  p a t c h e s  and  t h e  r i p s t o p  t a p e  m a t r i x . )  

For f a i l u r e  mode 3, 11 f l i g h t s  were flown a f t e r  t h e  c o r r e c t i v e  

a c t i o n s  had been implemented,  w i t h  l i t t l e  i f  any s i g n i f i c a n t  dam- 

age  i n  t h e  contoured  nose  a r e a  of t h e  wing. For  f a i l u r e  mode 4 ,  

5 tests were flown a f t e r  t h e  c o r r e c t i v e  a c t i o n  had been implemented,  

w i t h  no f u r t h e r  t e a r  damage i n  t h e  forward area o f  t h e  side lobes. 

I n  t h e  case o f  f a i l u r e  mode 1, t h e  c o r r e c t i v e  a c t i o n ,  c o n s i s t -  

i n g  of a d d i t i o n  of  a r i p s t o p  t a p e  m a t r i x ,  w a s  d e s i g n e d  t o  p r e v e n t  

e x t e n s i v e  tear p ropaga t ion  o f  t h e  c l o t h  damage, b u t  n o t  n e c e s s a r i l y  

t o  e l i m i n a t e  t h e  o c c u r r e n c e  o f  l o c a l i z e d  c l o t h  damage. The c o r r e c -  

t i v e  a c t i o n  d id  per form i ts d e s i g n  pu rpose ,  as demons t r a t ed  i n  11 

tests ,  begi l ining w i t h  T e s t  207T. However, l o c a l i z e d  damage t o  can- 

opy c l o t h  con t inued  t o  o c c u r  i n  t h e s e  11 tests ,  w i t ! l  t h e  amount of 

such damage i n c r e a s i n g  a t  t h e  h i g h e r  deployment dyr.amic p r e s s u r e s .  

I n  2 tes ts ,  n o t a b l y  211T and 206T, canopy c l o t h  tears o c c u r r e d  w i t h  

t e a r  p ropaga t ion  c o n f i n e d  by t h e  r i p s t o p  t a p e s .  These t e a r s ,  a l -  

though conf ined ,  r e s u l t e d  i n  h o l e s  of  s i g n i f i c a n t  s i z e  i n  t h e  wing 

canop ie s  which degraded  bo th  t h e  deployment and g l i d i n g  f l i g h t  

performance o f  t h e  wings.  





Thus, i n  t h e  c a s e  of f a i l u r e  mode 1, t h e  c o r r e c t i v e  a c t i o n  

can on ly  be cons idered  a s  p a r t i a l l y  s u c c e s s f u l .  P o s s i b l e  avenues 

toward minimizing o r  e l i m i n a t i n g  l o c a l i z e d  canopy c l o t h  damage 

dur ing  t h e  i n i t i a l  phases of parawing deployment i n c l u d e  improved 

canopy c l o t h  m a t e r i a l s ,  a  p r o t e c t i v e  cover ing  f o r  t h e  damage-sus- 

c e p t i b l e  canopy c l o t h  a r e a s ,  s e l e c t i v e  canopy p o r o s i t y  t o  minimize , . 

canopy b u f f e t i n g  fo l lowing i n i t i a l  canopy s t r e t c h o u t ,  o r  a l t e r n a -  

t i v e  r e e f i n g  schemes which p rov ide  b e t t e r  c o n t r o l  of t h e  canopy 

c l o t h  fo l lowing i n i t i a l  canopy deployment. 

G L I D I N G  FLIGHT PHASE 

S t r a i g h t  F l i g h t  Aerodynamic T e s t  Data 

General.  - The fo l lowing paragraphs ,  f i g u r e s ,  and table p r e s e n t  

t h e  s t r a i g h t - g l i d i n g - f l i g h t  d a t a  ob ta ined  dur ing  t h e  c o n t r o l l a b l e  

v e h i c l e  f l i g h t s  and bomb v e h i c l e  t e s t s .  The d a t a  a r e  present2d i n  

groups,  wi th  each group c o n t a i n i n g  t h e  d a t a  ob ta ined  d u r i n g  one 

test  f l i g h t .  The type  of d a t a  o b t a i n e d  dur ing  t h e  t es t ,  p l u s  any 

i tems of s p e c i a l  i n t e r e s t  concerning t h e  d a t a  a r e  d i scussed .  

Genera l ly ,  t h e  d a t a  p l o t s  show L/D,  l i f t  c o e f f i c i e n t ,  d rag  coef-  

f i c i e n t ,  and r e s u l t a n t  f o r c e  c o e f f i c i e n t  a s  a  f u n c t i o n  of t i p -  

suspens ion- l ine- length  and/or rear-keel-suspension-line l e n g t h .  I 
A s  d i scussed  i n  APPENDIX B, t h e  i n s t r u m e n t a t i o n  which measured 

angle-of-a t tack ,  v e l o c i t y  and a n g l e - o f - s i d e s l i p  i n  t h e s e  tests was 
I 
f 

c a l i b r a t e d  i n  a  wind tunne l .  However, d a t a  processed  us ing  t h e  f 
c o r r e c t i o n s  i n d i c a t e d  by t h e  wind t u n n e l  tests showed l a r g e  devia-  

t i o n s ,  compared wi th  g l i d i n g  f l i g h t  performance d a t a  ob ta ined  by 

pho to theodo l i t e  t r a c k i n g  (ASKANIA). When t h e  uncor rec ted  L/D d a t a  

determined by t h e  on-board t e s t  i n s t r u m e n t a t i o n  were compared w i t h  

ASKANIA determined L/D d a t a ,  e x c e l l e n t  c o r r e l a t i o n  between t h e  two 

s e t s  of d a t a  was obta ined.  Consequently,  a l l  of t h e  f l i g h t  test  

d a t a  from t h e  c o n t r o l l a b l e  test  v e h i c l e  f l i g h t s  p resen ted  i n  t h i s  



I 

r e p o r t  a r s  based d i r e c t l y  on t h e  f l i g h t  ang les  i n d i c a t e d  by t h e  

test  ins t rumenta t ion .  No c o r r e c t i o n s  were made t o  t h e  f l i g h t  d a t a  i 
f o r  i n t e r f e r e n c e  e f f e c t s  on t h e  tes t  i n s t r u m e n t a t i o n  due t o  t h e  

upwash from t h e  wing, o r  f o r  flow f i e l d  d e v i a t i o n s  due t o  t h e  prox- 

imi ty  of t h e  test  ins t ruments  t o  t h e  test v e h i c l e .  Also ,  no c o r -  

r e c t i o n s  were made t o  t h e  d a t a  t o  account  f o r  t h e  d rag  and l i f t  of  

t h e  t e s t  v e h i c l e .  Wind t u n n e l  d a t a  and smal l - sca le  f r e e  f l i g h t  
1 
f 

d a t a  used i n  t h i s  r e p o r t  were t aken  from Reference 1. D e t a i l e d  1 

d e s c r i p t i o n s  of t h e  smal l - sca le  models and more complete d a t a  a r e  

a v a i l a b l e  i n  Reference 1. 

T e s t  250T. - This was t h e  f i r s t  t e s t  wi th  a  4000-square f o o t ,  

twin k e e l  parawing u t i l i z i n g  a  c o n t r o l l a b l e  test  v e h i c l e .  Twin 

k e e l  parawing Version I11 was used f o r  t h i s  tes t  a t  a  wing load ing  

of 0.86 psf .  During t h i s  tes t ,  a  wide range of t ip-suspens ion-  

l i n e  l e n g t h s  was t e s t e d .  Only two rear-keel-suspension-line 

l e n g t h s  were t e s t e d .  The f l i g h t  p a t h  d a t a  o b t a i n e d  d u r i n g  t h i s  

f l i g h t  i n d i c a t e d  maximum L/D v a l u e s  of approximately 2.0 which 

were much lower than  had been ob ta ined  dur ing  p rev ious  bomb v e h i c l e  

tests. The f l i g h t  maneuver p a t t e r n  dur ing  t h i s  t e s t  w a s  such t h a t  

v a l i d  f l i g h t  pa th  ang le  d a t a  could  n o t  be ob ta ined  from ASKANIA. 

Thus, t h e  v a l i d i t y  of t h e  d a t a  ob ta ined  from t h e  on-board f l i g h t  

pa th  measuring ins t rumenta t ion  could  n o t  be  checked. F igures  101 

through 104 p r e s e n t  d a t a  from t h i s  test .  

T e s t  251T. - Twin k e e l  parawing Version I11 was used f o r  t h i s  

t e s t  a t  a wing loading of 0.99 p s f .  V a r i a t i o n s  i n  both  t h e  t i p -  

suspens ion- l ine  l e n g t h s  and t h e  rear-keel-suspension-line l e n g t h s  

M c r e  t e s t e d .  L/D performance (approximately 3.0) measured by t h e  

on-toard i n s t r u m e n t a t i o n  was i n  t h e  range  of v a l u e s  p rev ious ly  

obtz-ined dur ing  wind t u n n e l  and f r e e  f l i g h t  tests.  A s  wi th  T e s t  

250T, an ASKANIA check on L/D performance could  n o t  be ob ta ined  - 
i n  t h i s  t e s t .  F igures  105 through 108 p r e s e n t  d a t a  from t h i s  test.  
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Figure 107. Lift coefficient and drag coefficient versus 
average tip setting, Test 251T 
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108. Resultant force coefficient versus average tip setting, Test 



T e s t  252T. - Twin k e e l  parawing Version I V  was used f o r  t h i s  

' test  a t  a  wing loading of  1.0 p s f .  During t h i s  t es t ,  t h e  on-board 
8 ! 

I a i r s p e e d  i n d i c a t o r  was damaged; a s  a  r e s u l t ,  no a i r s p e e d  d a t a  were 
i 

obta ined.  The l a c k  of a i r s p e e d  d a t a  prec luded c a l c u l a t i o n  of  t h e  

l i f t ,  d r a g ,  and r e s u l t a n t  f o r c e  c o e f f i c i e n t s .  The f l i g h t  pa th  

ang le  d a t a  ob ta ined  from t h e  on-board i n s t r u m e n t a t i o n  dur ing  t h i s  

f l i g h t  agreed q u i t e  w e l l  wi th  f l i g h t  pa th  a r j l e  d a t a  ob ta ined  from 

ASKANIA. F igures  103 and 110 p r e s e n t  d a t a  from t h i s  test .  

T e s t  2531. - Twin k e e l  parawing Version V I  w a s  used f o r  t h i s  

: test  a t  a  wing loading of 1.25 p s f .  During t h i s  t e s t  a  range  of 

- l e n g t h s  was t e s t e d  f o r  both t h e  t i p  suspens ion l i n e s  and t h e  r e a r  
. i k e e l  suspens ion l i n e s .  The a i r s p e e d s  measured by t h e  on-board 

. . 
. ' .  a i r s p e e d  i n d i c a t o r  dur ing  t h i s  test  appear  low, r e l a t i v e  t o  v a l u e s  

measured on o t h e r  tests. The p o s s i b i l i t y  e x i s t s  t h a t  t h e  a i r s p e e d  
. . 

i n d i c a t o r  was damaged p r i o r  t o  t h e  g l i d i n g  p o r t i o n  of  t h e  f l i g h t ,  

.- - ' :  al though p o s i t i v e  evidence of  damage was n o t  ob ta ined .  Because of  

. t h e  r e l a t i v e l y  low a i r s p e e d  va lues  measured, t h e  v a l u e s  computed 

i f o r  l i f t ,  d r a g ,  and r e s u l t a n t  f o r c e  c o e f f i c i e n t s  were apprec iab ly  

.. , higher  than  those  ob ta ined  dur ing  t h e  o t h e r  4000-square f o o t  para-  
> ,  

- . *  wing f l i g h t  tests. For t h i s  f l i g h t ,  t h e  f l i g h t  p a t h  a n g l e  d a t a  
.. , 

from ASKANIA agreed q u i r e  w e l l  w i th  t h e  f l i g h t  p a t h  a n g l e  d a t a  . . 

:: . .. obta ined  from t h e  on-board ins t rumenta t ion .  The g l i d i n g  f l i g h t  
I I ., ; .. d a t a  from Tes t  253T a r e  p resen ted  i n  F igures  111 through 115. 
. . .  . . . a ,  

. ., . 
., . -. . . T e s t  254T. - Twin k e e l  parawing Version V I  was used f o r  t h i s  

- '  test  a t  a  wing loading of  1.50 p s f .  During t h i s  t e s t ,  a  range  of . . ,  
. . l e n g t h s  was t e s t e d  f o r  both t h e  t i p  suspens ion l i n e s  and t h e  r e a r  

k e e l  suspens ion l i n e s .  No unusual  occurrences  were noted dur ing  

t h i s  f l i g h t .  The g l i d i n g  f l i g h t  d a t a  from t h i s  test  a r e  p resen ted  

i n  Figures  116 through 120. The mane~lvers performed d u r i n g  t h i s  

t e s t  precluded any a t t e m p t  t o  coxpare f l i g h t  p a t h  a n g l e  d a t a  from 

ASKANIA wi th  comparable d a t a  measured by on-board ins t rumenta t ion .  
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Figure 114. Lift coefficient and drag coefficient versus 
rear keel setting, Test  253T 
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Resultant force coefficient versus rear keel setting, Test  253T 
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Figure 119. Lift coefficient and drag coefficient versus 
rear keel setting, Test 254T 
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Figure 120. Resultant force coefficient versus rear keel setting, Test 254T 



T e s t  2551. - Twin k e e l  parawing  V e r s i o n  V I  was used  f o r  t h i s  

tes t  a t  a wing l o a d i n g  o f  1 .50 p s f .  During t h i s  test ,  o n l y  a 

r a n g e  o f  t i p - s u s p e n s i o n - l i n e  l e n g t h s  w a s  t e s t e d .  N o  u n u s u a l  oc- 

c u r r e n c e s  were n o t e d  d u r i n g  t h i s  f l i g h t .  The g l i d i n g  f l i g h t  d a t a  

from t h i s  tes t  are p r e s e n t e d  i n  F i g u r e s  1 2 1  - h r o u g h  124.  The ma-  

n euve r s  performed d u r i n g  t h i s  test  p r e c l u d e d  a n  a t t e m p t  t o  compare 

f l i g h t  ? a t h  a n g l e  d a t a  f rom ASKANIA w i t h  comparab le  d a t a  measured 

by on-board i n s t r u m e n t a t i o n .  

Bomb test  d a t a .  - T a b l e  1 3  g i v e s  g l i d i n g  pe r fo rmance  d a t a  f rom 

t h r e e  bomb v e h i c l e  tes ts .  These  d a t a  were o b t a i n e d  f rom ASKANIA 

and r e p r e s e n t  a v e r a g e s  o f  f l i g h t  p a t h  a n g l e  and  v e l o c i t y  o v e r  t h e  

e n t i r e  p - t i o n  o f  t h e  f l i g h t  a f t e r  s t e a d y - s t a t e  g l i d i n g  c o n d i t i o n s  

were a c h i z v e d .  The d a t a  f rom o n l y  t h r e e  tests (205T, 209T a n d  

210T) are shown i n  T a b l e  13 .  These  were t h e  o n l y  tests d u r i n g  

which t h e  parawing  test  spec imen  w a s  i n  a normal  o p e r a t i n g  cond i -  

t i o n  d u r i n g  t h e  g l i d i n g  p o r t i o n  o f  t h e  f l i g h t ,  and  d u r i n g  which 

s u f f i c i e n t  ASKANIA d a t a  were o b t a i n e d  t o  g i v e  r e l i a b l e  a v e r a g e s .  

I n  o r d e r  t o  o b t a i n  r e l i a b l e  ASKANIA d a t a  f o r  g l i d i n g  f l i g h t  i t  was 

n e c e s s a r y  t h a t  t h e  parawing  f l y  i n  a r e l a t i v e l y  s l o w  s p i r a l  maneu- 

v e r .  With t h i s  f l i g h t  p a t t e r n  ASKEJIA d a t a  f rom s e v e r a l  comple t e  

360-degree t u r n s  c o u l d  b e  u t i l i z e d ,  i n  o r d e r  t o  a v e r a g e  o u t  t h e  

e f f e c t s  o f  wind and v e r t i c a l  a i r  mass movements on  t h e  d a t a .  

TABLE 13.  - GLIDING FLIGHT TEST RESULTS FROY 
BOllB VEHICLE TESTS 

T e s t  W/S, 'RK/'K ( a  / a  L/D - psf AVE 
C~ C~ C~ 

205T 1 .25  .954 .603  2.75 .618 .225 .658 

209T .953 .954 .603 2.93 .577 .197 .610 
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Figure 123. Lift coefficient and drag coefficient versus 
average tip setting, Test 255T 
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Figure 124. Resultant force coefficient versus 
average tip setting, Test 255T 
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S t r a i g h t  F l i g h t  Aerodynamic T e s t  Data Ana lys i s  

E f f e c t  o f  wing c o n s t r u c t i o n  on L/D performance.  - F i g u r e  125 - 
i s  a  compos i te  p l o t  of d a t a ,  showing t h e  L/D performance o b t a i n e d  

d u r i n g  t h e  4000-square f o o t  parawing f r e e - f l i g h t  tests ,  compared 

w i t h  t y p i c a l  L/D performance o b t a i n e d  w i t h  a  400-square f o o t  model 

d u r i n g  wind t u ~ n e l  t e s t s .  The wind t u n n e l  d a t a  were t a k e n  from 

Reference  1. The L/D d a t a  a r e  p r e s e n t e d  a s  a  f u n c t i o n  o f  t h e  

ave rage  t i p  s e t t i n g  (where t i p  s e t t i n g  r e f e r s  t o  t h e  r a t i o  o f  t h e  

t . ip -suspens ion- l ine .  l e n g t h  t o  k e e l  l e n g t h ) .  A l l  t h e  f r e e  f l i g h t  

d a t a  a r e  f o r  t h e  wings a t  app rox ima te ly  t h e  same r e a r  k e e l  s e t t i n g  

( R R K / R K  = . 9 5 4 ) .  The f r e e  f l i g h t  d a t a  i n  F i g u r e  125  a r e  f o r  t h r e e  

d i f f e r e n t  wing c o n s t r u c t i o n s .  The wing i n  T e s t  205T (Vers ion  I )  

had s i x  l i n e s  p e r  l e a d i n g  edge and nc r i p s t o p  t a p e s  on t h e  canopy. 

The wings i n  Tests 250T and 251T (Ver s ion  111) had e l e v e n  l i n e s  

p e r  l e a d i n g  edge and a  minimum rips to^ network,  c o n s i s t i n g  o f  f o u r  

l o n g i t u d i n a l  t a p e s  on each  o f  t h e  o u t b o a r d  s e c t i o n s  of t h e  wing. 

The wings i n  Tests 252T, 253T, 254T, 255T, 209T and 210T (Ver s ions  

I V ,  V ,  V I  and V I I )  had e l e v e n  l i n e s  p e r  l e a d i n g  edge a n 3  a  f u l l  

r i p s t o p  t a p e  m a t r i x  on t h e  wing canopy. The d a t a  i n  F i g u r e  125  

show no d i s t i n g u i s h a b l e  e f f e c t  o f  t h e  v a r i o u s  wing c o n s t r u c t i o n s  

on L/D performance.  The datum p o i n t  f o r  t h e  wing w i t h  s i x  l i n e s  

p e r  l e a d i n g  edge and no r i p s t o p  t a p e s  ( T e s t  205T) f a l l s  i n  t h e  

upper c e n t e r  of t h e  d a t a  band. T h e  d a t a  p o i n t s  f o r  t h e  wing w i t h  

e l e v e n  l i n e s  p e r  l e a d i n g  edge and a  minimum r i p s t o p  t a p e  network 

( T e s t s  251T and 250T) p r o v i d e  t h e  b o u n d a r i e s  c-;' t h e  measured L. /D 

performance,  w i t h  t h e  h i g h e s t  and t h e  l o w e s t  L/D v a l u e s .  L/D v a l -  

ues  f o r  t h e  wings w i t h  e l e v e n  l i n e s  p e r  l e a d i n g  edge  and a  f u l l  

r i p s t o p  t a p e  m a t r i x  g e n e r a l l y  f a l l  i n  t h e  c e n t r a l  p o r t i o n  of  t h e  

d a t a  band. T h i s  r e s u l t  is  somewhat i n  c o n t r a s t  w i t h  wind t u n n e l  

tes ts  of 400 s q  f t  wings r e p o r t e d  i n  Reference  1, where in  t h e  a d d i -  

t i o n  of  a  r i p s t o p  t a p e  m a t r i x  t o  t h e  wing canopy r e s u l t e d  i n  a  s i g -  

n i f i c a n t  (10 p e r c e n t )  d e c r e a s e  i n  L/D performance.  
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Effect of tip-suspension-line length on L/D performance. - 
Although there is considerable variation in L/D performance from 

test to test, Figure 125 shows very little variation in L/D with 

tip-suspension-line length over the range of lengths tested during 

the intermediate-scale tests. The wind tunnel tests showed a 

pronounced variation of L/D with variation in the tip-suspension- 

line lengths. The data in Figure 125 show that L/D decreased as 

the tip setting was increased from 0.60 to 0.6 3. 

During the i~~iermediate-scale tests, the longest tip setting 

that could be used was about 0.64. Tip lengths longer than this 

caused improper wing inflation, with the leading edges of the wing 

collapsing and with resulting tip flutter. The shortest tip set- 

tings tested did not result in a stall. Consequently, the short- 

est allowable tip setting was not determined for straight flight. 

As shown by Figure 1 2 5 ,  considerable variation in L/D perform- 

ance was measured from test to test for iontrollable vehicle 

flights. The L/D data on Figure 125 were obtained from the on- 

board instrumentation. During Tests 252T and 253T verification of 

the on-board instrumentation accuracy was obtained by comparing 

L/D data fron it with L/D data determined from ASKANIA data under 

controlled conditions. The flight path angles measured during 

Tests 250T and 251T differ considerably from those measured in 

the other tests. As a result little confidence is held for the 

accuracy of these measurements. L/D data obtained during Tests 

252T, 253T, 254T, 255T, 205T, 209T and 2107' are considered repre- 

sentative of the L/D performance actually achieved during the 

flight test program. 

Effects of rear-keel-suspension-line length on gliding-flight 

characteristics. - Figures 126 and 127 show L/D, CL and CD as 
functions of the rear keel setting. These data show the same 

variation of performance from test to test as previously identified 
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Figure 126. Lift-to-drag ratio veysus rear keel  setting 
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i n  t h e  s e c t i o n  on t h e  e f f e c t s  o f  t i p  s e t t i n g .  A s  b e f o r e ,  t h e  

f l i g h t  p a t h  a n g l e  measurements o b t a i n e d  d u r i n g  Tests 250T and 251T 

a r e  n o t  c o n s i d e r e d  a c c u r a t e .  The remainder  o f  t h e  d a t a  shown on 

F i g u r e  126 d e f i n e s  t h e  r ange  o f  L/D performance ach ieved  d u r i n g  

t h e  f r e e - f l i g h t  tests.  A s  shown by F i g u r e  126 ,  L/D c o u l d  b e  re- 

duced approximate ly  0.5 below t h e  maximum a t t a i n a b l e  L/D by re- 

t r a c t i n g  t h e  r e a r - k e e l - s u s p e n s i o n  l i n e s .  

F i g u r e  127 p r e s e n t s  t h e  CL and CD d a t a  o b t a i n e d  d u r i n g  t h e  

c o n t r o l l a b l e  v e h i c l e  tests and t h e  bomb v e h i c l e  tes ts .  A s  w i t h  

t h e  L/D d a t a ,  t h e r e  were a p p r e c i a b l e  d i f f e r e n c e s  i n  t h e  d a t a  from 

t e s t  t o  t es t .  I n  p a r t i c u l a r ,  l a r g e  d i f f e r e n c e s  e x i s t  i n  t h e  v a l u e s  

o f  CL and CD determined  from ASKANIA i n  t h e  bomb v e h i c l e  tes ts ,  

compared w i t h  t h o s e  de t e rmined  from t h e  on-board i n s t r u n e n t a t i o n  

i n  t h e  c o n t r o l l a b l e  v e h i c l e  tests.  These d i f f e r e n c e s  were f e l t  

t o  be due t o  a i r s p e e d  neasurements  a s  p rov ided  by t h e  on-board 

i n s t r u m e n t a t i o n ,  compared w i t h  t h e  a i r s p e e d  measurements p rov ided  

from ASKANIA. To v e r i f y  t h i s ,  a n  a n a l y s i s  was performed o f  t h e  

r a t e - o f - d e s c e n t  d a t a ,  bo th  from ASKANIA 2nd from t h e  on-board i n -  

s t r u m e n t a t i o n .  R e s u l t s  of t h i s  a n a l y s i s  a r e  p r e s e n t e d  i n  Tab le  14 .  

Table  14 shows a v e r a g e  r a t e - o f - d e s c e n t  v a l u e s  c o n v e r t e d  t o  

mean-sea- level  c o n d i t i o n s  f o r  s e v e r a l  t e e t s ,  bo th  from ASKANIA 

measurements and from on-board measur t m e ~ t s  . Tab le  14  a l s o  p re -  

s e n t s  t h e  r a t i o  of  ASKANIA MSL r a t e - c f - d ~ s c e n t  f o r  T e s t  250T t o  

t h e  MSL r a t e - o f - d e s c e n t  f o r  each  t e s t .  ( U s e  o f  T e s t  250T a s  a 

b a s e l i n e  was a r b i t r a r y . )  F i n a l l y ,  s i n c e  r a t e - o f - d e s c e n t  i s  pro-  

p o r t i o n a l  t o  t h e  s q u a r e  root of  wing loasl ing,  t h e  r a t i o  o f  t h e  

s q u a r e  r o o t  of  wing l o a d i n g  f o r  T e s t  250'! t o  t h e  s q u a r e  r o o t  of 

wing l o a d i n g  f o r  each  test  i s  p r e s e n t e d .  A s t u d y  of  T a b l e  1 4  

shows t h a t  on-board measured r a t e - o f - d e s c e n t  f o r  each  t e s t  was 

c o n s i s t e n t l y  and s i g n i f i c a n t l y  lower t h a n  ASKANIA measured r a t e - o f  - 
d e s c e n t .  Also ,  t h e  ASKANIA rate-of-desc:ent r a t i o  compared c l o s e l y  

w i t h  t h e  square-root-of-wing l o a d i n g  r a t i o  f o r  e a c h  t e s t .  From 
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t h i s  a n a l y s i s  it was conc luded  t h a t  t h e  on-board a i r s p e e d  measure- 

ments were c o n s i s t e n t l y  low, r e s u l t i n g  i n  h i g h  v a l u e s  f o r  t h e  a e r o -  

dynamic c o e f f i c i e n t s  based  on  t h e s e  a i r s p e e d  d a t a .  The CL and CD 

v a l u e s  de te rmined  us ing  ASKANIA a i r s p e e d  d a t a  appeared  t o  b e  cor- 

rect  f o r  t h e  7 2  f t  LK tw in  k e e l  parawings.  For  t h i s  r e a s o n  t h e  

CL and CD c u r v e s  based  on  ASKANIA d a t a  a r e  used i n  subsequen t  

performance d i s c u s s i o n s  and p r e s e n t a t i o n s  f o r  t h i s  wing. 

F i g u r e s  128 and 129 p r e s e n t  L/D, CL and CD d a t a  o b t a i n e d  

d u r i n g  wind t u n n e l  tests w i t h  15  f t  LK and 22.7 f t  LK models ,  

r e s p e c t i v e l y .  F i g u r e s  130 and 131  compare r e y  l s e n t a t i v e  d a t a  

from t h e s e  tests w i t h  t h e  r e s u l t s  o f  t h e  s m a l l - s c a l e ,  f r e e  f l i g h t  

tests and t h e  i n t e r m e d i a t e - s c a l e ,  f r e e  f l i g h t  tests. These d a t a  

show t h a t  t h e  L/D performance o b t a i n e d  d u r i n g  t h e  i n t e r n e d i a t e -  

s c a l e ,  f r e e  f l i g h t  tests compares f a v o r a b l y  w i t h  L/D performance 

measured d u r i n g  t h e  s m a l l - s c a l e ,  f r e e  f l i g h t  tests.  N e i t h e r  t h e  

s m a l l - s c a l e  nor  t h e  i n t e r m e d i a t e - s c a l e  f r e e  f l i g h t  tests produced 

L/D v a l u e s  a s  h igh  a s  t h o s e  o b t a i n e d  d u r i n g  t h e  wind t u n n e l  tests. 

During t h e  wind t u n n e l  t es ts ,  t h e  node1  mounting sys t em s e p a r a t e d  

by a s i g n i f i c a n t  amount, t h e  t i p  s u s p e n s i o n  l i n e s  and r e a r  k e e l  

suspens ion  l i n e s  from t h e  main group  o f  s u s p e n s i o n  1 i r . e ~  (see 

Reference  1) .  T h i s  a t t a c h m e n t  a r rangement  r e s u l t e d  i n  undetermined 

d i f f e r e n c e s  i n  i n f l a t e d  shapes  between t h e  f r e e  f l i g h t  and t h e  wind 

t u n n e l  parawing c o n f i g u r a t i o n s .  These d i f f e r e n c e s  may have been  

t h e  c a u s e  of t h e  n i sma tch  between t h e  f r e e  f l i g h t  and wind t u n n e l  

d a t a .  

E f f e c t  of  wing l o a d i n g  on  L/D performance.  - F i g u r e  132 i s  a 

p l o t  of L/D v e r s u s  wing l o a d i n g  f o r  t h e  i n t e r m e d i a t e - s c a l e  f r e e  

f l i g h t  tes ts .  These d a t a  show t h a t  f o r  t h e  wing l o a d i n g  r a n g e  

t e s t e d  ( 0 . 9 5  ps f  t o  1.50 p s f ) ,  L/D d e c r e a s e d  a s  wing l o a d i n g  i n -  

c r e a s e d .  It shou ld  b e  r e c o g n i z e d  t h a t  t h e s e  d a t a  a r e  f rom tests \ 

where t h e  parawing d a s  e i t h e r  a t  a f i x e d  r i g g i n g  (200 S e r i e s  t e s t s )  

o r  w i t h  parawing t r i m  c a p a b i l i t y  l imi ted  t o  t h e  t i p  l i n e s  and r e a r  

C 

0 



Rear keel setting, lRK/ jK 

Figure 128. Performance data for 15 ft jK twin-keel parawing 



Figure 129. Performance data for 2 2 . 7  ft  lK twin  eel parawing 



C 

a 

d 

e 

f 

Curve Type Tes t  I K ( ~ ~ )  1~ 1~ W D / ~ ~ ( P S ~ )  

a Wind Tunnel 22.7 0.590 1.0 * 
b Wind Tunnel 22.7 0.606 1.0 * 
c Wind Tunnel 15.0 0.616 1.0 * 
d F r e e  Flight 22.7 0.617 0.95 
8 F r e e  Flight 22.7 0.617 0.65 
f F r e e  Flight 22.7 0.617 0.60 
g F r e e  Flight 72.0 0.600 .95-1.25 
h F r e e  Flight 72.0 0.600 1.25-1.50 

xc 9 (psf)  
I 1 I I 

NOTE: The free-flight data a r e  adjusted for  the effect 
of tes t  vehicle d rag  assuming the t es t  vehicle degraded 
LID by 0.1. 

> I I I 

Figure 130. Free-flight and wind tunnel LID performance for  
twin-keel parawing 



Figure 131. Frce-flight and wind tunnel lift and drag coefficient data 
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Figure 132, L/D versus wing loading 



k e e l  l i n e s  (250 S e r i e s  tes ts) .  Therefore ,  t h e  complete parawing 

suspens ion l i n e  r i g g i n g  may n o t  have been optimum i n  t h e s e  tests ,  

because of deployment-load-induced suspens ion l i n e  e l o n g a t i o n .  

Because of apparent  i n a c c u r a c i e s  i n  t h e  measurement of v e l o c i t y ,  

i n s u f f i c i e n t  d a t a  were o b t a i n e d  t o  de termine  how t h e  l i f t  and d rag  

c o e f f i c i e n t s  v a r i e d  wi th  wing loading.  

F igures  133, 134 and 135 show p r e v i o u s l y  ob ta ined  f r e e  f l i g h t  

and wind t u n n e l  d a t a  f o r  22 .7  f t  AK parawing models. These d a t a ,  

p a r t i c u l a r l y  t h e  wind t u n n e l  d a t a ,  show s i g n i f i c a n t  v a r i a t i o n s  of 

L/D w i t h  changes i n  wing load ing  and dynamic p ressure .  F igure  134 

shows L/D p l o t t e d  v e r s u s  dynamic p r e s s u r e  and a l s o  ve r sus  a n  ap- 

proximate e q u i v a l e n t  wing load ing ,  where an  assumed CR v a l u e  of 0.6 

was used t o  c o n v e r t  from dynamic p r e s s u r e  t o  wing load ing  by t h e  

r e l a t i o n  

Eigure  136 i s  a  composite p l o t  of smal l - sca le ,  f r e e  f l i g h t  and wind 

t u n n e l  d a t a ,  and i n t e r m e d i a t e - s c a l e  f r e e  f i i c ' h t  d a t a .  The wind 

tunne l  d a t a  i n  t h i s  f i g u r e  a r e  p l o t t e d  v e r s u s  t h e  approximate equiv- 

a l e n t  wing load ing ,  based on as assumed CR v a l u e  of  0.6 a s  d e s c r i b e d  

above. The d a t a  i n  F igure  136 show a  s i m i l a r i t y  between t h e  wind 

t u n n e l  t e s t s  and t h e  72 f t  % pa awing f r e e  f l i g h t  tests, r e l a t i v e  

t o  t h e  v a r i a t i o n  of L/D with  wing load ing .  

F igure  135 shows t h e  C. and CD v a r i a t i o n  of  two models, one 
L1 

w i t h  and one wi thout  chordwise r e i n f o r c i n g  t a p e s .  '?bee p l o t s  i n  

F igure  135 i n d i c a t e  t h a t  a s  dynamic p r e s s u r e  was inc reased  i n  t h e  

wind tunne l ,  CD a l s o  inc reased .  This  b e h a v i ~ r  of i n c r e a s i n g  CE 

w i t h  i n c r e a s i n g  dynamic p r e s s u r e  occurred  f o r  boch models tests. 

The v a r i a t i o n  of  t h e  C d a t a  wi th  dynamic p r e s s u r e  i n  F igure  135 L 
was n o t  a s  c o n s i s t e n t  a s  t h a t  shown f o r  t h e  CD d a t a .  The model 

wi thou t  t h e  r e i n f o r c i n g  t a p e  network showed a  r e d u c t i o n  i n  CL a s  



36 suspension 
line 
44 suspension 
line 
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Wing loading, W 
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Figure 13.3. LID vs.  wing loading for 22. 7 ft 1 K twin-ke2l parawisg 
madels during free-flight tests 



S Y M  Mode 1 

0 
22.7 ft IK 

(without tapes) - 9 1 4  

(with tapes) 

Dynamic pressure ,  psf 

Approximate equivalent wing loading, psf 

l? - Figure 134. LID vs .  dynamic pressure and wing loadi~lg for22.7  f t  k\ 
twin-keel parawings during wind tunnel t e s t s  
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22 .7  ft  JK 

(without tapes)  .9 14 

Dynamic pressure ,  psf  

Figure 135. C & C v e r s u s  dynamic pres sure  for 22 .7  ft lK 
L D 

twin-keel parawings during wind tu1rnr.1 t e s t s  



Curve Data source P~ 
a wind tunnel 22.7 ft 
b windtunnel 2 2 . 7 f t  
c free  flight 22 .7  ft 
d free  flight 22. 7 ft .  
e free  flight 72 ft 

Wing loading, W 
D/S , psf 

W 

Figure 136. Composite of L/D performance a s  a function of wing loading 



dynamic p r e s s u r e  inc reased .  The model wi th  t h e  r e i n f o r c i n g  network 

showed no a p p r e c i a b l e  change i n  CL a s  dynamic p r e s s u r e  inc reased .  

The canopy s t r u c t u r e  of t h e  model wi th  t h e  t a p e  r e i n f o r c i n g  network 

approximated t h e  canopy s t r u c t u r e  of t h e  72 f t  EK models flown on 

t h e  c o n t r o l l a b l e  v e h i c l e .  On t h e  b a s i s  of  t h e  wind t u n n e l  test  

d a t a  t h e  probable  r eason  f o r  t h e  dec rease  i n  L/D wi th  i n c r e a s i n g  

wing loading f o r  t h e  72 f t  EK model tests,  was an  i n c r e a s e  i n  d rag  

c o e f f ~ c i e n t .  Cause of t h i s  i n c r e a s e  i n  d rag  c o e f f i c i e n t  was n o t  

determined. 

Turn Rate T e s t  Data and Analys is  

F igures  137 through 142 p r e s e n t  t h e  t u r n  r a t e  d a t a  ob ta ined  

d ~ l n g  t h e  in te rmedia te - sca le  parawing tests. The d a t a  a r e  shown 

a s  p l o t s  of t u r n  r a t e  v e r s u s  d i f f e r e n t i a l  t i p  s e t t i n g .  Turn r a t e  

i s  d e f i n e d  a s  t h e  angu la r  r a t e  of change of heading. D i f f e r e n t i a l  

t i p  s e t t i n g  is  d e f i n e d  a s  t h e  d i f f e r e n c e  i n  l e n g t h  between t h e  two 

t i p  suspensj.on l i n e s  d i v i d e d  by t h e  r e f e r e n c e  k e e l  l e n g t h ,  
R~ 

Any combination of t i p  suspens ion l i n e  l e n g t h s  t h a t  r e s u l t e d  i n  

t h e  r i g h t  t i p  suspens ion l i n e  be ing s h o r t e r  than  t h e  l e f t  t i p  sus-  

pension l i n e  was cons idered  a  r i g h t  t u r n  i n p u t .  The r e v e r s e  i s  

t r u e  f o r  combinations which r e s u l t e d  i n  t h e  l e f t  t i p  suspens ion 

l i n e  be ing s h o r t e r  than  t h e  r i g h t  t i p  suspens ion l i n e .  

During t h e  v a r i o u s  t e s t s ,  numerous combinat ions of  t i p  sus-  

pension l i n e  l e n g t h s  were t e s t e d .  For purposes of d a t a  p resen ta -  

t i o n ,  t h e  t u r n  r a t e  d a t e  a r e  p l o t t e d  and i d e n t i f i e d  i n  groups 

de f ined  by t h e  l e n g t h  of one t i p  suspens ion l i n e .  The l e n g t h  of 

t h i s  t i p  suspens ion l i n e  v a r i e d  over  only  a  smal l  r ange ,  w h i l e  

t h e  l eng th  of t h e  o t h e r  t i p  suspens ion l i n e  v a r i e d  over  a l a r g e  

range.  The d i f f e r e n t i a l  produced between t h e  two t i p  suspens ion 

l i n e s  was t h e  t u r n  c o n t r o l  i n p u t .  Also l i s t e d  i n  t h e  f i g u r e s  is 

t h e  range of r e a r  k e e l  s e t t i n g s  corresponding t o  t h e  g iven  set  of 

d a t a  de f ined  by t h e  r e f e r e n c e  t i p  s e t t i n g  range .  



Figure 137. Turn rate versus differential tip setting, Test 250T 
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Figure 138. Tarn rate versus differential  tip setting, Test  25lT 
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Figure 139. Turn rate versus differential tip setting, Test 252T 
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Figure 140. Turn rate versus differential tip setting, Test 253T 

Right - 

' 9 0  
0 

20. 

+ 
DcgISec 

10,. 

0 

02 

I 1 
SYM lRT/ i K  l R K I 1  

0 .571 .954 - 0 .613 .940-. 954 
0 *631-.643 ,897-,954 

Right 

.O2 .04 

Left 

W ~ / ~ ,  

- 

0 

-. 04 -. 

= 1.25 

Left 

0 
- 10 

--20 

%I K 



I. ,  .* 
,{ 

-- 

Figure 141. Turn rate versus differential tip setting, Test 254T 
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Figure 142. Turn rate versus differential tip setting, Test 255T 



Examination of  t h e  d a t a  i n  F i g u r e s  137 th rough  1 4 2  shows t h a t  

i n  g e n e r a l ,  t u r n  r a t e  was a l i n e a r  f u n c t i o n  of  d i f f e r e n t i a l  t i p  

s e t t i n g  f o r  a g i v e , ~  wing l o a d i n g .  There  were l i m i t s ,  howsver,  on 

t h e  maximum d i f f e r e n t i a l  t i p  s e t t i n g  t h a t  c o u l d  be used  t o  g e n e r a t e  

a  t u r n ,  Two s e p a r a t e  e f f e c t s  de t e rmined  t h e  maximum a l l o w a b l e  

d i f f e r e n t i a l  t i p  s e t t i n g ,  as  f o l l o w s :  (1) The maximum t i p  s e t t i n g  

a l l o w a b l e  f o r  e i t h e r  t i p  s u s p e n s i o n  l i n e  was approx ima te ly  0 . 6 4 .  

Extending t h e  t i p  suspens ion  l i n e  beyond t h i s  s e t t i n g  r e s u l t e d  i n  

improper i n f l a t i o n  o f  t h e  wing and c r r a t i c  f  l i c h t .  (2 )  Ninimur;: 

t i p  s e t t i n g  a l l o w a b l e  f o r  e i t h e r  t r ?  s u s p e n s i o n  l i n e  was app rox i -  

mate ly  0.57. R e t r a c t i o n  o f  a t i p  s u s p e n s i o n  l i n e  t o  a s e t t i n g  

less t h a n  0.57 r e s u l t e d  i n  e r ra t ic  f l i g h t  b e h a v i o r ,  due  a p p a r e n t l y  

t o  a  p a r t i a l l y  s t a l l e d  c o n d i t i o n .  The d a t a  f rom T e s t s  251T and 

253T demons t r a t e  c o n d i t i o n  (1). A s  shown by t h e  d a t a  on F i g u r e s  

138 and 140, t u r n  r e sponse  was l ~ m i t e d  f o r  t h e  case where t h e  r e f -  

e r e n c e  t i p  s e t t i n g  was i n  t h e  r a n g e  of 0.631 t o  0.645. The d a t a  

from Tesz 252T d e n o n s t r a t e  c o n d i t i o n  ( 2 ) .  During T e s t  252T, t u r n  

r a t e  was l i m i t e d ,  due t o  a s t a l l  which o c c u r r e d  when one  t i p  s u s -  

pens ion  l i n e  was r e t r a c t e d  to  a s e t t i n g  of  app rox ima tz ly  0 .56 .  

The d a t a  o b t a i n e d  d u r i n g  t h i s  test  program i n d i c a t e  t h a t  f o r  

a g i v e n  wing l o a d i n g ,  t u r n  rate  i s  a  l i n e a r  f u n c t i o n  o f  t h e  d i f -  

f e r e n t i a l  t i p  s e t t i n g ,  p rov ided  t h e  s e t t i n g  o f  t h e  l o n g e r  t i p  

suspens ion  l i n e  does  n o t  exceed  approx ima te ly  0.64,  and t h e  set- 
t i n g  of t h e  s h o r t e r  t i p  s u s p e n s i o n  l i n e  i s  n o t  less t h a n  0.57.  

Based on  t h e s e  l i m i t s  t h e  maximum d i f f e r e n t i a l  t i p  s e t t i n g  i s  0.07. 

During t h e  s m a l l - s c a l e  parawing test  program, t u r n  r a t e  dat; 

were o b t a i n e d .  These d a t a  a l s o  showed t u r n  r a t e  as a l i n e a r  func-  

t i o n  of  c o n t r o l  i n p u t .  F i g u r e  143 shows t h e  s l o p e s  of t u r n  rate 

v e r s u s  c o n t r o l  i n p u t  p l o t t e d  as a f u n c t i o n  of wing l o a d i n g  e i v i d e d  

by t h e  r e f e r e n c e  l e n g t h ,  LK. These d a t a  p l o t t e d  on  a l c g a r i t h m i c  > 

s c a l e  approximate  a s t r a i g h t  l i n e  and i n d i c a t e  t h a t  t h e  r a t i o  o f  

w/s $/6T/LK is  a n  e x p o n e n t i a l  f u n c t i o n  of  r. F i g u r e  143  shows d a t a  
K 
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Figure 143. Turn rate response a s  a function of wing loading 
and reference keel  length, based on 400 and 4000 
square foot wing area parawing tests  



t 
from both t h e  400 square  f o o t  and 4000 square  f o o t  parawing t e s t s .  

An e m p i r i c a l  equa t ion  which r e l a t e s  t u r n  ra te  response  to t h e  r a t i ~  

of wing loading over  r e f e r e n c e  l e n g t h  is:  

Based on t h e  above equa t ion ,  t h e  i n d i c a t e d  t u r n  r a t e  c a p a b i l i t y  

of t h e  4000 s q  f t  twin k e e l  parawing w i t h  a  maximum d i f f e r e n t i a l  

t i p  s e t t i n g  of 0.07 i s  53 degrees  pe r  second a t  a  wing loading of 

1.5 psf and 40 degrees  per  second a t  a  wing load ing  of  1.25 p s f .  

Contro l  Force T e s t  Data and Analys is  

F igures  144 and 145 p r e s e n t  t h e  f o r c e  measurements ob ta ined  

f o r  t h e  t i p  suspens ion l i n e s .  The d a t a  a r e  p r e s e n t e d  i n  t h e  form 

of r a t i o s .  For s t r a i g h t  g l i d i n g  f l i g h t ,  F i g u r e  144 g i v e s  t h e  

r a t i o  of  t h e  average  of  t h e  f o r c e  i n  t h e  l e f t  and t h e  r i g h t  t i p  

suspens ion l i n e s ,  t o  t h e  suspended weight .  The d a t a  i n  F igure  

144 a r e  p l o t t e d  a s  a  f u n c t i o n  of t h e  average  t i p  s e t t i n g .  F igure  

145 g i v e s  t h e  t i p  suspens ion l i n e  f o r c e  d a t a  o b t a i n e d  dur ing  t h e  

t u r n  tests. These d a t a  a r e  p resen ted  a s  t h e  r a t i o  of t h e  

ind iv idua l - t ip - suspens ion- l ine  load  to  CRSWq. The d a t a  a r e  p l o t t e d  

a s  a  f u n c t i o n  of t h e  i n d i v i d u a l  t i p  s e t t i n g .  CRSplq i s ,  by d e f i n i -  

t i o n ,  t h e  t o t a l  r e s u l t a n t  f o r c e  exper ienced by t h e  parawing dur ing  

f l i g h t .  The d a t a  on both F igures  1 4 4  and 145 show a p p r e c i a b l e  

s c a t t e r .  The probable  cause  of t h e  s c a t t e r  i n  t h e s e  d a t a  was t h e  

method used t o  measure t h e  f o r c e s .  The c o n t r o l  l i n e  winch was i n -  

s t rumented i n  such a  manner t h a t  e c c e n t r i c i t i e s  i n  t h e  winch s h a f t  

r o t a t i o n  r e s u l t e d  i n  a p p l i c a t i o n  of an  inc rementa l  f o r c e  t o  t h e  

load  c e l l .  The f o r c e  a p p l i e d  t o  t h e  load  c e l l  due t o  s h a f t  r o t a -  

t i o n  was a  f u n c t i o n  of  s h a f t  p o s i t i o n .  Consequently,  t h e  measured 

load was h igh  o r  low, depending on t h e  p o s i t i o n  a t  whict. t h e  \ - inch 
. * 

. t -. stopped. An average  l i n e  through t h e  d a t a  p resen ted  i n  both  f i g u r e s  

i s  probably a  good approximation of t h e  a c t u a l  f o r c e  i n  t h e  t i p  

suspension l i n e ,  a s  a  f u n c t i o n  of i t s  l eng th .  Both s e t s  of load 

d a t a  appear  t o  vary  l i n e a r l y  wi th  t i p  s e t t i n g .  

214 
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Figure 144. Average tip-suspension-line-load ratio during 
straight flight a s  a function of average tip setting 





Summary o f  G l i d i n g  F l i g h t  P e r f o r m a n c e  

Both t h e  bomb-vehic le  tes ts  a n d  c o n t r o l l a b l e  v e h i c l e  tests 

showed t h a t  t h e  t w i n  k e e l  p a r a w i n g  c o n f i g u r a t i o n  f lown had  s t a b l e  

f l i g h t  c h a r a c t e r i s t i c s  when t h e  t i p  s e t t i n g  w a s  a b o u t  0 .605 ,  a n d  

t h e  r e a r  k e e l  s e t t i n g  was i n  t h e  r a n g e  o f  0.940 t o  0 .956.  F o r  

t h e s e  c o n t r o l  l i n e  s e t t i n g s ,  t h e  wing n a i n t a i n e d  a  s o l i d l y  i n f l a t e d  

c o n d i t i o n  w i t h  n o  t e n d e n c y  t o  s t a l l  d u r i n g  t u r n i n g  maneuvers  o r  

when e n c o u n t e r i n g  t u r b u l e n t - a i r  f l i g h t  c o n d i t i o n s .  A l s o ,  when 

tr inuned f o r  s t r a i g h t  f l i g h t ,  t h e  wing m a i n t a i n e d  s t r a i g h t  f l i g h t  

w i t h o u t  a d d i t i o n a l  c o n t r o l  i n p u t s .  

F o r  s y s t e m  d e s i g n  p u r p o s e s  w i t h  t h e  t w i n  k e e l  p a r a w i n g  c o n f i g -  

u r a t i o n  t e s t . e d ,  a n  L/D o f  f rom 2.5 t o  2 .7  a n d  a CR o f  a p p r o x i m a t e l y  

0.64 s h o u l d  b e  u s e d .  These  numbers r e p r e s e n t  t h e  p e r f o r m a n c e  t h a t  

c a n  b e  e x p e c t e d  u s i n g  t h e  recommended t i p  a n d  r e a r  k e e l  s e t t i n g s .  

Dur ing  t h e  i n t e r m e d i a t e - s c a l e  test  Srogram i t  became a p p a r e n t  

t h a t  f o r  a  g i v e n  canopy a n d  s u s p e n s i o n  l i n e  c o n f i g u r a t i o n ,  a p p r e -  

c i a b l e  c h a n g e s  i n  L/D c o u l d  n o t  b e  a c c o m p l i s h e d  by c h a n g i n g  t h e  

l e n g t h s  o f  e i t h e r  t h e  t i p  s u s p e n s i o n  l i n e s  o r  t h e  rear k e e l  s u s -  

p e n s i o n  l i n e s .  Extreme v a r i a t i o n s  i n  t h e  l e n g t h  o f  t h e  t i p  s u s -  

p e n s i o n  l i n e s  r e s u l t e d  i n  u n c o n t r o l l e d  c h a n g e s  i n  f l i g h t  c h a r a c -  

teristics.  Too s h o r t  t i p  l i n e s  r e s u l t e d  i n  wing s t a l l .  Too l o n g  

t i p  l i n e s  r e s u l t e d  i n  w i n g - l e a d i n g - e d g e  c o l l a p s e  a n d  e r ra t ic  f l i g h t .  

T e s t  r e s u l t s  o b t a i n e d  d u r i n g  t h e  i n t e r m e d i a t e - s c a l e  test  program 

i n d i c a t e d  t h a t  f o r  t h e  s u s p e n s i o n  l i n e  r i g g i n g  u s e d  d u r i n g  t h i s  

t e s t  program,  t h e  recommended t i p  s s t t i n g  a n d  rear k e e l  s e t t i n g  

a r e  a p p r o x i m a t e l y  0 .605  a n d  0 .95 ,  r e s p e c t i v e l y .  

M o d u l a t i o n  o f  L / D  by s h o r t e n i n g  t h e  r e a r - k e e l  s u s p e n s i o r l  l i n e s  

w a s  l i m i t e d  by  wing s t a l l .  The maximum r e d u c t i o n  o f  L/D t h a t  

c o u l d  b e  a c c o m p l i s h e d  by s h o r t e n i n g  o f  t h e  r e a r - k e e l  s u s p e n s i o n  

l i n e s  w a s  a p p r o x i m a t e l y  0 .5 .  A l s o ,  r e t r a c t i o n  o f  t h e  r e a r - k e e l  

s u s p e n s i o n  l i n e s  t o  a s e t t i n g  of less t h a n  0.94 a p p a r e n t l y  h a d  t h e  



e f f e c t  of l i m i t i n g  t h e  minimum l e n g t h  o f  t i p  s u s p e n s i o n  l i n e s  t h a t  

cou ld  be used a s  a  t u r n  c o n t r o l  i n p u t .  Th i s  i s  l o g i c a l ,  s i n c e  de- 

c r e a s i n g  t h e  l e n g t h  o f  e i t h e r  t h e  r e a r - k e e l  o r  t i p  s u s p e n s i o n  l i n e s  

had t h e  e f f e c t  of  i n c r e a s i n g  t h e  a n g l e - o f - a t t a c k  of  t h e  wing. Thus,  

t h e  combinat ion o f  r e t r a c t i n g  t h e  r e a r - k e e l  s u s p e n s i o n  l i n e s  t o  

modulate  L/D and r e t r a c t i n g  a t i p  s u s p e n s i o n  l i n e  f o r  a  t u r n  i n p u t  

was l i m i t e d  by t h e  s t a l l  a n g l e  o f  t h e  wing. I t  a l s o  f o l l o w s  t h a t  

a t  t h e  minimum L/D o b t a i n e d  by r e t r a c t i n g  t h e  r e a r - k e e l  s u s p e n s i o n  

l i n e s ,  any t u r n  i n p u t  would r e s u l t  i n  a wing s t a l l .  I n  g e n e r a l ,  

it may be  concluded t h a t  f o r  a  g i v e n  c o n f i g u r a t i o n  of  wing and sus -  

pens ion  l i n e  r i g g i n g ,  L/D canno t  be  modulated a p p r e c i a b l y  by chang- 

i n g  t h e  lengtk  o f  e i t h e r  t h e  t i p  o r  r e a r - k e e l  s u s p e n s i o n  l i n e s .  

Turn r a t e  w i t h  t h e  parawing a t t a c h m e n t  geometry used i n  t h i s  

t e s t  program, was found t o  be  a  l i n e a r  f u n c t i o n  o f  t h e  d i f f e r e n c e  

i n  l e n g t h  between t h e  t i p  s u s p e n s i o n  l i n e s  f o r  a  g i v e n  wing load -  

i n g .  The maximum a l l o w a b l e  d i f f e r e n t i a l  between t h e  t i p  l i n e s  was 

found t o  ')e 0.07 R w i t h  t h e  a d d i t i o n a i  l i m i t a t i o n  t h a t  t h e  s h o r t e r  
K' 

t i p  l i n e  was no s h o l t e r  t h a n  0.57 9. and t h e  l o n g e r   ti^ l i n e  was 
K 

no l o n g e r  t h a n  0.64 2 
K' R e t r a c t i n g  a t i p  l i n e  t o  a  l e n g t h  less 

t h a n  0.57 L r e s u l t e d  i n  t h e  wing s t a l l i n g  o n  t h e  r e t r a c t e d - t i p  
K 

s i d e .  Extending a  t i p  s u s p e n s i o n  l i n e  t o  a l e n g t h  g r e a t e r  t h a n  

0.64 r e s u l t e d  i n  c o l l a p s e  of  t h e  wing lead ing-edge  on t h e  ex tended-  

t i p  s i d e .  For a  g i v e n  s i z e  wing and c o n t r o l  i n p u t ,  t u r n  rate was 

found t o  be  p r o p o r t i o n a l  t o  wing l o a d i n g  t o  t h e  1.564 power. T h i s  

f a c t o r  i s  i n p o r t a n t  i n  t h a t  f o r  sys t ems  w i t h  h i g h  wing l o a d i n g s ,  

o n l y  s m a l l  c o n t r o l  i n p u t s  would be r e q u i r e d  f o r  r e l a t i v e l y  h igh  

t u r n  r a t e s .  Such sys tems  would be  v e r y  s m s i t i v e  t o  c o n t r o l  i n -  

p u t s  and r e q u i r e  a  p r e c i s e  c o n t r o l  system.  



CONCLUDING REXARKS 

i 

t Based on t h e  r e s u l t s  of  t h e  parawing program, t h e  f o l l o w i n g  . c o n c l u s i o n s  a r e  drawn: 
' ( 

1. The parawing h a s  v e r y  p o s i t i v e  opening  c h a r a c t e r i s t i c s .  

I n  s e v e n t y - f i v e  a e r i a l  d r o p  tests t h e  parawing never  

f a i l e d  t o  open,  even i n  t h o s e  t es t s  where t h e  parawing 

canopy s u s t a i n e d  heavy damage i n  t h e  deployment p r o c e s s .  

The tes ts  conf i rmed t h e  need f o r  a f i v e - s t a g e  deulov-  

ment p r o c e s s  t o  m a i n t a i n  deployment d e c e l e r a t i o n s  a t  o r  

n e a r  a 3 G l e v e l .  

2 .  T e s t s  w i t h  t h e  4000 s q  f t ,  tw in  k e e l  parawing a t  cond i -  

t i o n s  t o  s i m u l a t e  a f u l l - s c a l e  (10,000 s q  f t )  parawing 

a t  a wing l o a d i n g  of  1 . 5  p s f ,  showed t h a t  8 p e r c e n t  

r e e f i n g  i s  r e q u i r e d  t o  m a i n t a i n  t h e  deployment l o a d s  a t  

o r  n e a r  a 3 G Level .  With 8 p e r c e n t  r e e f i n g  and  w i t h  

nose  r e e f i n g  t h e  f u l l - s c a l e  parawing f i r s t ,  second ,  

t h i r d ,  and f o u r t h  r e e f e d  s t a g e  and f u l l  open p r e d i c t e d  

l o a d s  a r e  3 .4 ,  3.4,  3 .3 ,  3.0 and 2 . 8  G ' s ,  r e s p e c t i v e l y .  

However, t h e  r e s u l t s  of  comparison o f  smal l -  and i n t e r -  

m e d i a t e - s c a l e  tests s u g g e s t  t h a t  t h e  s c a l i n g  methods 

used i n  t h i s  program may n o t  b e  whol ly  v a l i d .  

3. Susnens ion  l i n e  l o a d i n g  f c r  t h e  p a r a v i n g  c o n f i g u r q t i o n  

t e s t e d  was v e r y  nonuniform. Adding f i v e  l i n e s  on each  

l e a d i n g  edge o f  t h e  twin  k e e l  parawing s u b s t a n t i a l l y  

reduced  t h e  load  l e v e l  o f  c e r t a i n  h i g h l y  loaded ,  l e a d i n g  

edge l i n e s  i n  t h e  second r e e f e d  s t a g e .  Suspens ion  l i n e  

l o a d  r a t i o s  were found t o  be  independen t  of  r e e f i n g  

r a t i o s .  

4 .  F i r s t - r e e f e d - s t a g e  f i l l i n g  t i m e  was found t o  be  i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  i n l e t  a r e a  i n  tests w i t h  b o t h  400 sq 



ft and 4000 sq ft parawings. The 4000 sq ft parawing 

tests also indicated that first-reefed-stage filiing 

time was inversely proportional to the velocity at para- 1 
wing line stretch. Both 400 sq it and 4000 sq it para- I 
wing tests showed first-reefed-stage-drag-area growth s 

was a two-step linear process. 

5. The 4000 sq ft parawings, in the configurations tested, 

exhibited four modes of canopy structural failure. Cor- 

rective actions completely eliminated three of these 

four failure modes. The remaining failure mode -- local- 
ized canopy cloth damage in the early stages of deploy- 

ment with propagating cloth tears -- wag confined, but 
not eliminated. The corrective action, consisting of 

the addition of a ripstop tape matrix to the parawing 

canopy, limited the extent of tear propagation. However, 

localized canopy cloth damage continued to occur, with 

the frequency and extent of such damage increasing at 

the higher parawing deployment dynamic pressures. 

6. Free flight values of maximum L/D were found to be in 

the range of 2.5 to 2.75 for the 4909 sq ft wing area 

twin keel models. Corresponding to this L/D performance 

range, the resultant force coefficient was found to be 

approximately 0.64. This performance was obtained with 

a nominal tip setting of 0.605 and a nominal rear set- 

ting of 0.940 to 0.954. 

7. For the 4000 sq ft, twin keel configuration tested, L/D 1 
modulation by retracting either the rear-keel or tip 

suspension lines was not effective. L/D could be re- 

duced approximately 0.5 by retraction of the rear-keel 

suspension lines. At this modulated L/D condition, the 

parawing was at the threshold of stall. 
*. 
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Twin k e e l  parawing t u r n  r a t e  was found t o  be a  l i n e a r  

f u n c t i o n  o f  t h e  d i f f e r e n c e  i n  l e n g t h  between t h e  t i p  s u s -  

pens ion  l i n e s ,  p rov ided  a  t i p  s e t t i n g  (RT/RK) n e i t h e r  

exceeded 0.640 n o r  was less t h a n  0.570. Based on t h e s e  

l i m i t s ,  t h e  maximum d i f f e r e n t i a l  t i p  s e t t i n g  i s  0.07.  

With a  maximum d i f f e r e n t i a l  t i p  s e t t i n g  o f  0 .07,  t h e  

i n d i c a t e d  t u r n  rate c a p a b i l i t y  of  t h e  4000 sq f t  twin  

k e e l  parawing i s  53 d e g r e e s  p e r  second a t  a  wing l o a d i n g  

o f  1 . 5  ps f  and 40 d e g r e e s  p e r  second  a t  a wing l o a d i n g  

o f  1 .25  p s f .  

Twin k e e l  parawing t u r n  r a t e  was found  t o  b e  p r o p o r t i o n a l  

t o  (wing l o a d i n g / k e e l  l e n g t h )  1.564 

The 4000 s q  f t  tw in  k e e l  parawings  f lotrn  d u r i n g  t h i s  t e s t  

program were ae rodynamica l ly  s t a b l e  and c o n t r o l l a b l e .  

With t i p  and r e a r  k e e l  s e t t i n g s  o f  0.605 and  0.950, 

r e s p e c t i v e l y ,  t h e  canopy m a i n t a i n e d  a  s t a b l e  i n f l a t i o n  

and showed no  tendency t o  s t a l l  d u r i n g  t u r n i n g  maneuvers 

or  i n  t u r b u l e n t - a i r  f l i g h t  c o n d i t i o n s .  The t w i n  k e e l  

parawing was d i r e c t i o n a l l y  s t a b l e  and responded  q u i c k l y  

and p r e c i s e l y  t o  t u r n  c o n t r o l  i n p u t s ,  b o t h  e n t e r i n g  and  

l e a v i n g  a  t u r n .  

The parawings c o u l d  be  s t a l l e d  by r e t r a c t i n g  t h e  rear 

k e e l  c o n t r o l  l i n e  o r  t h e  t i p  l i n e s .  The wings were 

e a s i l y  r e c o v e r e d  from t h e  s t a l l  by r e t u r n i n g  t o  t h e  

g l i d i n g - t r i m  c o n t r c l  l i n e  s e t t i n g s .  



APPENDIX A 

TEST VEHICLES AND INSTRUMENTATION 

The test vehicles used in the intermediate-scale parawing 
1. 

flight test program, together with their associated instruments- 
. , 

tion, are described in this appendix. Two different types of test 

vehicles were used in the intermediate-scale program. The first 

was a bomb-type test vehicle, designed and built by Northrop, for P 

use in parawing aerial deployment tests. The second was a sled- 3 

type, controllable test vehicle, designed and built by the NASA, I 
i 

Manned Spacecraft Center, for use in parawing controlled aerial i 
I 

gliding-flight tests. Both of these vehicle types and their asso- 1 
ciated instrumentation are described in the following pages. ji 

Intermediate-Scale Bomb-Type Test Vehicle 

General description. - The intermediate-scale bomb-type vehicle, 
of which two identical vehicles were built, was cylindrical in a 
shape, with a hemispherical nose and a flared, cone-cylinder aft t 
section. The vehicle had an overall length af 11 feet, 8 inches, I 

t 
a forebody diameter of 37 inches, and an aft section maximum dia- i 
meter of 59 inches. The aft deck was sized to bermit a warawing i 
attachment arrangement scaled to the parachute deck of the Awollo 

command module. The vehicle was capable of being ballasted from 

a minimum weight of approximately 2600 pounds to a maximum weight 

of approximately 6000 pounds. 

The vehicle was equipped with a pair of skids for landing and' 

for support and attachment to Air Force extraction sleds used with 

either a C-119- or a C-130-type laanch aircraft. The vehicle was 

also equipped with a single top mounted attach lug for launch from 

the bonb bay of a B-66 aircraft. Figure 146 shows a sketch of this 

vehicle. 
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The b a s i c  bomb t e s t  v e h i c l e  s t r u c t u r e  c o n s i s t e d  o f  a  heavy 

s teel  p i p e  c e n t r a l  c o r e ,  t o  which were mounted a  h e m i s p h e r i c a l  

nose ,  f o rward ,  c e n t e r  and a f t  bu lkhead  a s s e m b l i e s ,  and a n  a f t  deck + 

assembly.  These s e c t i o n s  were d e s i g n e d  t o  h e  s l i ~ p c d  o n t o  t h e  cen-  

t r a l  p i p e  c o r e  and t h e n  s e c u r e l y  f a s t e n e d  t o  t h e  c o r e .  The major 

subassembl ies  t o  t h e  bomb s t r u c t u r e  a r e  i l l u s t r a t e d  i n  F i g u r e  147. 

Gross  weight  changes  t o  t h e  v e h i c l e  were accomnl.ished by add- 

i n g  ( o r  removing) s e m i c i r c u l a r  s t e e l  d i s c s  t o  t h e  c e n t e r  bulkhead ; 

assembly.  These b a l l a s t  d i s c s  were normal ly  added i n  p a i r s ,  one  

on each  s i d e  of t h e  bu lkhead ,  i n  o r a e r  t o  m a i n t a i n  t h e  v e h i c l e  

c e n t e r - o f - g r a v i t y  p o s i t i o n  a t  t h e  c e n t e r  bu lkhead  s t a t i o n .  Smal l  

weigh t  a d j u s t m e n t s  t o  t h e  v e h i c l e  were made by add ing  ( o r  removing) 

l e a d  s h o t  i c  f o u r  compartments l o c a t e d  i n  t h e  h e m i s p h e r i c a l  nose  

s e c t i o n .  

The a f t  deck assembly s e r v e d  s e v e r a l  f u n c t i o n s .  F i r s t ,  it 

provided  a n  e n c l o s u r e  f o r  t h e  packed parawing sys tem and t h e  de-  I 

ployment sys tem,  i n c l u d i n g  t h e  programmer p a r a c h u t e ( 3 )  and t h e  

parawing p i l o t  c h u t e ( s 1 .  Second, it p r o v i d e d  a  s t r u c t u r a l  deck i 

f o r  a t t achmen t  of t h e  parawing and programmer p a r a c h u t e ( s )  t o  t h e  

v e h i c l e  and f o r  r e t e n t i o n  of  t h e  parawing,  Frogrammer ~ a r a c h u t e ,  

and p i l o t  c h u t e  packs .  T h i r d ,  t h e  f l a r e d  s h a ~ e  o f  t h i s  assembly 'i 

i 
p rov ided  aerodynamic s t a b i l i t y  t o  t h e  t e s t  v e h i c l e  f o l l o w i n g  ve- I 
h i c l e  s e p a r a t i o n  from t h e  l aunch  a i r c r a f t  and  a f t e r  programmer ; 
p a r a c h u t e  d i s c o n n e c t .  F i g u r e  148 shows a p h o t o g r a ~ n  of one  of t h e  ' 

i n t e r m e d i a t e - s c a l e  bomb tes t  v e h i c l e s .  
I 

I n s t r u m e n t a t i o n .  - The i n s t r u m e n t a t i o n  module,  c o n t a i n i n g  t h e  

b a t t e r y  power S U D ~ ~ Y ,  t h e  sequenc ing  u n i t ,  t h e  telemetrlr u n i t ,  and 

t h e  3-axes a c c e l e r o m e t e r  package,  was mounted i n  t h e  nose  s e c t i o n  % 

of t h e  v e h i c l e .  T h i s  module,  t h e  same as t h a t  used  i n  t h e  sma l l -  

s c a l e  bomb v e h i c l e ,  was i n s t a l l e d  i n  t h e  v e h i c l e  by removal  of a  

cove r  p l a t e  i n  t h e  forward  end of  t h e  nose .  A f t  mounted i n s t r u -  

men ta t i on  and p y r o t e c h n i c s ,  such a s  t h e  t o t a l  l o a d  t r a n s d u c e r s ,  

t h e  i n d i v i d u a l - s u s p e n s i o n - l i n e - l o a d  t r a n s d u c e r s ,  and t h e  c a r t r j d q e s  ' = 
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for initiating programmer parachute disconnect and parawing line 

transfer, were connected to the instrumentation module through 

electrical cabling between the aft structural deck and the module. 

An aft looking 16mm camera, located just forward of the struct ~ r a l  

deck, was also electrically connected to the instrumentation mod- 

ule. A block diagram of the instrumentation module is shown in 

Figure 149. Table 15 lists the instrumentation used for a ty~ical 

bomb vehicle test. 

In addition to the aforementioned instrumentation, the bomb 

vehicle was equipped with two sets of lanyard actuated sequencer 

switches, ground checkout switches and test indicator lights, all 

mocnted in the vehicle nose sectio.~. The set of sequencer switches -. --% ,+ 

mountea o-- the top of the vehicle nose section was designed for 

use with the vehicle launched from the bomb bay of a B-66 aircraft. 

The lower set of sequencer switches was designed for use with the 

vehicle launched on an extraction sled from either the C-119 or 

the C-130 aircraft. 

Intermediate-Scale, Controllable, Sled-Type 

Test Vehicle 

General description. - The intermediate-scale, controllable, 
sled-type test vehicle was developed by the NASA, Manned Spacecraft 

Center, Houston, Texas, for controllable parachute testing in the 

5000 pound payload range. Two basically identical vehicles we-e 

designed and fabricated for use. The two vehicles differed only 

in their weight range capability. The serial no. 1 vehicle had a 

weight range from 3106 pounds to 3646 pounds, while the serial no. 

2 vehicle had a weight range from 3711 pounds to 5646 pounds. 

The controllable test vehicle structure had a rectangular 

planform base, consisting of two large skids, fabricated from 15- 

inch steel channel. To the base was mounted a load bearing struc- 

ture, consisting of fox, 47-inch long sections of 5-inch diameter 

steel pipe, coupled witn stabilization braces, as shown in Figure 

150. Atop the load bearing structure was mounted an upper deck. 





TABLE 15.  - INSTRUI1EWTATION FOR A TYPICAL BOMB-VEHICLE 
TEST (200T) 

I 

? 

I R I G  TM c h a n n e l  P a r a m e t e r  measured 

Outboard  riser l o a d  ( l e f t )  

S u s p e n s i o n - l i n e  l o a d  (LK12) 

S u s p e n s i o n - l i n e  l oad  (L7) 

Main l o a d  ( a f t )  

S u s p e n s i o n - l i n e  l o a d  (16 )  

S u s p e n s i o n - l i n e  l o a d  (L1) 

Outboard  riser l o a d  ( r i g h t )  

Main l o a d  ( f o r w a r d )  

Z-axis  a c c e l e r a t i o n  

Y-axis a c c e l e r a t i o n  

X-axis a c c e l e r a t i o n  

Even t s  

S e n s o r  r a n g e  

0 t o  5000 l b s  

0 t o  5000 l b s  

0 t o  5000 l b s  

0 t o  15 ,000  l b s  

0 t o  5000 l b s  

0 t o  5000 l b s  

0 t o  5000 l b s  

0 t o  15 ,000  l b s  

-1 t o  + 4 . 5  G 

-2.30 t o  +3.50 G 

-2 .31 t o  +3.89 G 

+ .  NOTE: S u s p e n s i o n - l i n e  l o a d s  were measured i n  p l a c e  o f  accelera- 
. . : t i o n s  ( c h a n n e l s  8 ,  7 ,  6 )  o n  some tests.  



The upper  deck was c i r c u l a r  i n  p lanform,  52  i n c h e s  i n  d i a m e t e r  and 

c o n s t r u c t e d  o f  1/4- inch s teel  p l a t e .  The deck  was s u p ~ o r t e d  by a  

s q u a r e  framwork of  4-inch H beams, t h r o ~ g h  which ~ a r a w i n g  l o a d s  

were t r a n s m i t t e d  t o  t h e  v e h i c l e  s t r u c t u r e .  The upper  deck was 0 

s i z e d  t o  p e r m i t  a  parawing a t t a c h m e n t  a r r angemen t  s c a l e d  t o  t h e  il 
p a r a c h u t e  deck o f  t h e  Apo l lo  command module. 5 

1 

Between t h e  unper  deck and t h e  b a s e  was a  l a r g e  i n s t r u m e n t a -  

t i o n  p a l l e t ,  t o  which was mounted a l l  l o a d  s e n s i t i v e  equipment .  

The p a l l e t  r e s t e d  on  two b l o c k s  o f  aluminum honeycomb. The v a l l e t  

was f r e e  t o  move v e r t i c a l l y ,  gu ided  by t h e  f o u r  main s t r u c t u r a l  

s teel  p i p e s ,  w i t h  t h e  b l o c k s  o f  honeycomb s e r v i n g  as a n  impac t  

a t t e n u a t i o n  subsystem.  The b a s i c  v e h i c l e  s t r u c t u r e  measured 122 

i n c h e s  i n  o v e r a l l  l e n g t h ,  55 i n c h e s  i n  w i d t h  and 47.7 i n c h e s  i n  

h e i g h t .  t 
Vehic l e  we igh t  changes  were accompl i shed  by add ing  s teel  

p l a t e s  and l e a d  we igh t s  a t  f o u r  l o c a t i o n s  on  t h e  heavy steel s k i d s ,  

a s  i n d i c a t e d  i n  F i g u r e  150.  The b a l l a s t  was a r r a n g e d  t o  p r o v i d e  

v e h i c l e  i n e r t i a s  and f l i g h t  c h a r a c t e r i s t i c s  dynamica l ly  s i m i l a r  t o  

a  15,000 pound Apol lo  command module. f 

h 
The v e h i c l e  was equipped  w i t h  a c s n t r o l  sys tem,  c o n s i s t i n g  o f  

t h r e e  i ndependen t  motor-winch d e v i c e s  which were l o c a t e d  o n  t h e  

i n s t r u m e n t a t i o n  p a l l e t  and were  a c t i v a t e d  by ground  r a d i o  command. 

C o n t r o l  c a b l e s  f o r  e a c h  o f  t h e  t h r e e  motor-winch d e v i c e s  were 

r o u t e d  th rough  f a i r i n g s  i n  t h e  v e h i c l e  upper  deck t o  t h e  narawing 

t i p  suspens ion  l i n e s  ( 2 )  and t h e  rear k e e l  s u s n e n s i o n  l i n e ( s )  (1). 

When r i g g e d  f o r  f l i g h t ,  t h e  parawing risers were  connec t ed  t o  1 
a t t achmen t  hardware on  t h e  upper  deck .  Th i s  a t t a c h m e n t  hardware  

was r i m i l a r  t o  t h a t  u sed  w i t h  t h e  bomb t e s t  v e h i c l e ,  e x c e p t  f o r  

t h e  a d d i t i o n a l  f e a t u r e  o f  parawing d i s c o n n e c t .  The d i s c o n n e c t  s v s -  

t e m ,  which i n c l u d e d  c a b l e  c u t t e r s  to  s e v e r  t h e  t h r e e  c o n t r o l  c a b l e s ,  

.!' . se rved  t o  comple t e ly  s e p a r a t e  t h e  parawing specimen a t  impac t  t o  
2' +. , 
&ii ,. p r e v e n t  v e h i c l e  d r a g g i n g ,  or t o  j e t t i s o n  a f a i l e d  parawing p r i o r  

t o  deployment o f  t h e  emergency r ecove ry  sys tem.  

230 
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Emergency Upper deck Control motor /  winch subsystem 
subsystem \ / ( 3  required) 

Camera  subsystem 

Instrumentation 

ns ion/re t ract ion 
mechanism 

Instrumentation pallet \ \ L/ D extension1 re t ract ion boom 

Honeycomb impact  aitenuation subsystem 

Note: 1. Not to scale 
2. Dimensions given in inches 

a r e  approximate 

Figure 150, Intermediate -scale,  controllable, sled-type t es t  
vehicle, showing location of principal subsystems 



UORTHROP 

The parawing pack itself was mounted on top of the upper deck 

and held in place with a suitable retention system. The nrogram- 

mcr parachute pack was mounted to the su~port structure forward of 

the upper deck, with harness attachment to disconnect fittings on 

the upper deck. Figure 151 shows a photograph of the serial no. 1 

controllable test vehicle rigged for flight prior to Test 250T. 

The controllable test vehicle was equipped with a radic- 

command activated, emergency recoverv system. This system was 

designed to recover the test vehicle in the event of failure of 

the parawiny test specimen. The emergencv system consisted of a 

drogue gun, a pilot parachute and an 84-ft Do ringstil parachute. 

This system was located on the aft end of the test vehicle, below 

the uDper deck. 

To provide suitable positioning of an L/D sensor and airspeed 

indicator in relativelv undisturbed air, the vehicle was confiq- 

ured with an extending boom system. The boom itself consisted of 

a cantilever-mounted, square aluminum tube which could be radio 

commanded to extend or retract. The boom an< sensor assembllr were 

normally retracted at launch and extended onlv after narawing 

gliding flight was established. Also, the boom was normally re- 

tracted prior to vehicle impact to protect the sensor. 

Instrumentation. - The instrumentation system for the vehicle 
was designed to measure onboard parameters and events and telemeter 

this information to a ground receiving station. The onboard tele- 

metry consisted of a 15-channel unit. Fourteen channels were used 

for real time monitoring and one channel was comm~~tated for sam- 

pling data from 16 parameters, for a total telemetrlr output of 30 

channels of information. Table 16 lists the instrumentation used 

for the controllable-vehicle tests. 

The data collection devices included: (a) three accelerometers 

for measuring vehicle vertical, lateral, and longitudinal accelera- 

tions; (b) load cells for measuring total parawing loads, control 





TABLE 16 

INSTRUMENTATION FOR CONTROLLABLE-VEHICLE TESTS 
C o n t i n u o u s  Da ta  

I R I G  TI4 c h a n n e l  P a r a m e t e r  measured  S e n s o r  r a n g e  

15  L e f t  t i p - l i n e  l o a d  0  t o  1000 l b s  

Z-axis a c c e l e r a t i o n  

A f t  main l o a d  

Forward main l o a d  

A i r s p e e d  i n d i c a t o r  

Nose l o a d  

Keel c o n t r o l - l i n e  l o a d  

R i g h t  t i p - l i n e  l o a d  

R a g l e  o f  a t t a c k  

D i r e c t i o n a l  h e a d i n g  

Vertical r e f e r e n c e  (8 )  

K e e l - c o n t r o l - l i n e  p o s i t i o n  

R i g h t -  t i p - l i n e  p o s i t i o n  

L e f t - t i p - l i n e  p o s i t i o n  

f 1 0  G 

O t o  15 ,000  l b s  

0  t o  15 ,000  l b s  

0  ts 60 f p s  

0  t o  750 l b s  

0  t o  2000 lbs 

0  t o  1000 l b s  

o0 t o  90' 

+180° 

+45O 

0  t o  -68 i n  

0 t o  -68 i n  

0 t o  -68 i n  



TABLE 16 .  - CONTIIJUEDo 

Cornmutated Data  ( I R I G  E C h a n n e l )  

Comrnu t a  t . o r  
s w i t c h  p o s i t i o n  P a r a m e t e r  measured  S e n s o r  r a n g e  

3 , 1 8 , 3 3 , 4 8 , 6 3 , 7 8  L e f t  riser l o a d  0  t o  5000 l b s  

4 ,19 ,34 ,49 ,64 ,79  R i g h t  riser l o a d  0  t o  5000 l b s  

5 , 2 0 , 3 5 , 5 0 , 6 5 , 8 0  X-axis a c c e l e r a t i o n  22 .5  G 

€ , 2 1 , 3 6 , 5 1 , 6 6 , 8 1  Ambient p r e s s u r e  0  t o  1 5  p s i a  

i 7 , 2 2 , 3 7 , 5 2 , 6 7 , 8 2  Y-axis a c c e l e r a t i o n  f 2 . 5  G 

* 8 , 2 3 , 3 8 , 5 3 , 6 8 , 8 3  R o l l  r a t e  ( p )  f150  d e g / s e c  

!? ,24 ,39 ,54 ,69 ,84  P i t c h  r a t e  (q) 

1 0 , 2 5 , 4 0 , 5 5 , 7 0 , 8 5  Yaw r a t e  ( r )  

1 1 , 4 1 , 7 1  S i d e s l i p  a n g l e  +4s0 

S u s p e n s i o n - l i n e  t r a n s £  er - - - -  
- e v e n t  

P a r a c h u t e  d i s c o n n e c t  
- e v e n t  

Emergency p a r a c h u t e  armed - - - -  
- e v e n t  

1 6 , 4 6 , 7 6  Boom e x t e n d e d  - e v e n t  - - - -  
26,56,E6 Program p a r a c h u t e  - e v e n t  - - - -  

Zero t i m e  - e v e n t  

28 ,58 ,88  B a t t e r y  v o l t a g e  - - - -  
NOTE: The d a t a  were cornmutated u s i n g  a 90 by i O  commutator .  The 

f i r s t  e i g h t  s e n s o r s  were a t t a c h e d  t o  s i x  s w i t c h e s  e a c h ,  a n d  
t h u s ,  were  comnuta ted  a t  60 s a m p l e s / s e c ;  t h e  r e n a i n i n g  e i g h t  
were a t t a c h e d  t o  t h r e e  s w i t c h e s  e a c h ,  a n d  t h u s ,  w e r e  commu- 
t a t e d  a t  30 s a m p l e s / s e c .  On tests f50T a n d  251T, a m b i e n t  
p r e s s u r e  a n d  s i d e s l i p  a n g l e  were i n t e r c h a n g e d  f rom w h a t  i s  
shown above .  



line loads, and parawing nose line (L1 and 91) load; (c) three 

linear potentiometers for measuring control line nositionst (d) a 

three-axis rate gyro unit for measuring vehicle roll, nitch, and 

yaw rates; (e) a directional gyro for vehicle azimuth readout; 

(g) a special sensor for measuring vehicle angle-of-attack, vaw 

angle and airsneed; (h) a vertical reference sensor; (i) triring 
? 

for indicating kev test events; and (j) a resistive voltage di- i 

vider for measuring the instrumentation battery voltage. Items 

(g) and (h) were mounted on the forward end of the extensible 

boom device previously identified. 
d 

In addition to the aforementioned instrumentation, the vehicle 

was equipped with two 16mm cameras. One camera was vertically 

mounted to record the parawing denloyment Drocess. The other cam- 

era was forward facing to view the extensible boom sensors and 

ground ahead of the vehicle. Finallv, the vehicle was equimed 

with a forward-and-down viewing television camera which nrovided 

a TV monitor picture at the ground controller ~tation, of the view 

ahead of the vehicle. 



APPENDIX B 

DATA PROCESSING AND CORRECTIO!l PROCEDURES 

T h i s  appzndix summarizes t h e  d a t a  p r o c e s s i n g  and  d a t a  c o r r e c -  

t i o n  p rocedure s  used  i n  t h e  i n t e r m e d i a t e - s c a l e  parawing  t e s t  

program. 

Bomb-Type T e s t  V e h i c l e  

T e s t  sys tem dynamic p r e s s u r e  v e r s u s  t i m e .  - P h o t o t h e o d o l i t e  

t r a c k i n g  d a t a  p r o v i d e s  v e l o c i t y  o f  t h e  tes t  sys t em r e l a t i v e  t o  t h e  

ground. To compute t e s t  sys tem dynamic p r e s s u r e ,  t h e  v e l o c i t y  

must be  r e f e r e n c e d  tc  t h e  anbierit a i r .  Thus,  g round  b a s e d  v e l o c i t y  

meascrements must b e  corrected f o r  movements o f  t h e  a -nb ien t  a i r  

r e l a t i v e  t o  t h e  g r ~ u n d .  The normal method f o r  making t h e s e  z o r r e c -  

t i o n s  i s  th roug5  use  o f  RAWIN wind d a t a  o b t a i n e d  by t r a c k i n g  a 

sounding b a l l o o n .  Thiz  rnctho.3 h a s  t'ne d i s a d v a n t a g e  t h a t  t h e  RAWIIJ 

S a l l o o n  ineasurements a r e  nc ?ade a t  t h e  same t i m e  or i n  t h e  same 

l o c a t i o n  a s  t h e  a c t u a l  d rop  t e s t .  For  t h e s e  r e a s o n s ,  s i g n i f i c a n t  

e r r o r s  c a n  occu r  i n  making wind ce3r rec t ions  usi - lg  RAWIN d a t a .  To 

overcome t h i s  d i f f i c u l t y ,  a  d i f f e r e n t  method o f  wind c o r r e c t i o n  

was used i n  t h e  i n t e r m e d i a t e - s c a l e  parawing a e r i a l  d r o p  tes ts .  

During t h e  i n i t i a l  phase  of  t h e  para\ .- ins deployment  sequ.tnce, i - 2  

test  s y s t e n  was e s s e n t i a l l y  noviny  v e r t i c a l l y ,  r e l a t i v e  t o  t h e  am- 

b i e n t  a i r .  Using t h e  t i m e  of parawing f i r s t - s t a g e  d i s r e e f  a s  t h e  

r e f e r e n c e  + i n t ,  t h e  h o r i z o n t a l  v e l o c i t y  component a s  measured by 

p h o t o t h e o d o l i t e  a t  t h i s  i n s t a n t  w a s  u sed  a s  t h e  wind c o r r e c t i o n  

d u r i n g  t h e  parawing deployment p r o c e s s .  T h i s  c o r r e c t i o n  method 

assumes t h a t  t h e  wind v e l o c i t y  and d i r e c t i o n  o v e r  t h e  a l t i t i ? J e  

r ange  of  parawing deployment  i s  c o n s t a r a t  and e q u a l  t o  t h e  measured 

h , ~ i z o n t a l  v e l o c i t y  component a t  parawing f i r s t - s t a g e  d i s r e e f .  

The p h c t o t l ~ e o d o ~ i t e  v e l o c i t y  measurements d u r i n g  t h e  d ~ p l o y m e n t  

p r o c e s s  vere c o r r e c t e d  by s u b t r a c t i n g  v ~ c t o r i a l l y  t h e  r e f e r e n c e  



p o i n t ,  h o r i z o n t a l  v e l o c i t y  component. Using t h e  c o r r e c t e d  v e l o c i t y  

measurements and t h e  atmospheric  d e n s i t y  ob ta ined  by RAWIN sounding 

b a l l o o n ,  c o r r e c t e d  dynamic p r e s s u r e  was computed f o r  t h e  d u r a t i o n  

of t h e  parawing deployment p rocess .  

T o t a l  f o r c e  a p p l i e d  t o  t h e  parawing dur ing  t h e  deployment pro- 

cess. - On-board ins t rumenta t ion  provided f o r c e  measurements which, - 
when t e l emete red  t o  t h e  ground r e c e i v i n g  s t a t i o n ,  were recorded a s  

force-t ime h i s t o r i e s  of t h e  f l i g h t .  The f o r c e  measurements were 

those  f o r c e s  a p p l i e d  t o  t h e  bomb v e h i c l e  by t h e  parawing through 

t h e  f o u r  risers. To o b t a i n  a t o t a l  measured force- t ime h i s t o r y ,  

the i n d i v i d u a l  riser f o r c e s  were summed a t  d i s c r e t e  t i m e  i n t e r v a l s  

i n  t h e  deployment process .  These t o t a l - r i s e r - f o r c e  measurements 

were then  c o r r e c t e d  f o r  t h e  mass of t h e  parawing t e s t  specimen 

i t s e l f .  Normally, t h i s  c o r r e c t i o n  i s  n o t  made f o r  c l o t h - t y p e  

d e c e l e r a t o r s ,  s i n c e  t h e  m a s s  of t h e  d e c e l e r a t o r  is a ve ry  smal l  

percentage  of t h e  mass of  t h e  test system. However, i n  t h e  c a s e  

of t h e  in te rmedia te - sca le  parawing t es t  systems,  t h e  mass of  t h e  

parawing was as much a s  11 p e r c e n t  of t h e  system mass. The t o t a l  

parawing f o r c e  was ob ta ined  by m u l t i p l y i n g  t h e  measured t o t a l  

r i s e r  f o r c e  by t h e  r a t i o  of t h e  t o t a l  system mass t o  t h e  mass of 

t h e  system below t h e  f o r c e  measuring l i n k s ,  

D z  f i r s t -  
r e e f e d - s t a g e .  - The parawing d rag  a r e a  growth c h a r a c t e r i s t i c s  dur-  

i n g  t h e  f i r s t - r e e f e d - s t a g e  i n f l a t i o n  were ob ta ined  from a n a l y s i s  

of on-board photographic coverage of t h e  parawing deployment. The 

technique  was t o  measure t h e  l e n g t h  and width of t h e  p r o j e c t e d  

parawing planform dur ing  t h e  i n f l a t i o n  p rocess ,  under t h e  assump- 

t i o n  t h a t  t h e  d rag  a r e a  was p ropor t iona l  t o  t h e  product  o f  t h e  

measured l eng th  and width .  The p o i n t  of  f u l l  r e e f e d  i n f l a t i o n  was 

determined by p l o t t i n g  t h e  length-width products  v e r s u s  t i m e  from 

l i n e  s t r e t c h  and approximating t h e  r e s u l t i n g  curve  wi th  straight- 

l i n e  segments. The t i m e  and v a l u e  of  length-width r a t i o  where t h e  



p l o t  i n d i c a t e d  t h a t  f u l l  r e e f e d  open had been r eached  were used t o  

non-d imens iona l ize  t h e  d a t a .  F i n a l l y ,  p l o t s  o f  d r a g  a r e a  o v e r  

d r a g  a r e a  a t  f u l l  r e e f e d  i n f l a t i o n  v e r s u s  p e r c e n t  of  t i m e  t o  f u l l  

r e e f e d  i n f l a t i o n  were p repa red .  

L i f t - t o - d r a g  r a t i o  and  r a t e - o f - d e s c e n t  d u r i n g  parawing g l i d i n g  

f l i g h t  on t h e  bomb-type v e h i c l e .  - A l l  t h e  bomb-type v e h i c l e  t e s t s  

t h a t  r e s u l t e d  i n  a  p r o p e r l y  i n f l a t e d ,  g l i d i n g  parawing c o n f i g u r a -  

t i o n  r e s u l t e d  i n  a  s p i r a l  g l i d i n g  d e s c e n t  o f  t h e  p a r a v i n g .  The 

ave rage  L/D was de t e rmined  by a  numer i ca l  a v e r a g i n g  o f  t h e  r a t i o  

of  h o r i z o n t a l - t o - v e r t i c a l  v e l o c i t y  d u r i n g  t h e  g l i d i n g  p o r t i o n  of  

f l i g h t .  Due t o  t h e  s p i r a l  n a t u r e  o f  t h e  sys tem f l i g h t  p a t h ,  t h e  

e f f e c t -  o f  wind were t h u s  c a n c e l l e d  o u t  by t h e  a v e r a g i n g  p r o c e s s .  

P h o t o t h e o d o l i t e  measured r a t e - o f - d e s c e n t  d u r i n g  t h e  g l i d i n g  por-  

t i o n  of f l i g h c ,  c o n v e r t e d  t o  mean-sea- level  c o n d i t i o n s ,  w a s  a l s o  

averaged  and used a s  t h e  r e f e r e n c e  v e l o c i t y  i n  computing l i f t ,  

d r a g ,  and r e s u l - t a n t  f o r c e  c o e f f i c i e n t s .  

L i f t ,  d r a g ,  and r e s u l t a n t  f o r c e  c o e f f i c i e n t s .  - The l i f t ,  d r a g ,  

and r e s u l t a n t  f o r c e  c o e f f i c i e n t s  were computed, based  on  t h e  ave r -  

age  L / D  and t h e  ave rage  mean-sea- level  r a t e - o f - d e s c e n t  d u r i n g  t h e  

g l i d i n g  p o r t i o n  of  t h e  parawing f l i g h t .  Atmospheric  d a t a  f o r  

t h e s e  c a l c u l a t i o n s  were o b t a i n e d  by RAWIN sounding b a l l o o n .  F ig-  

u r e  152 p r e s e n t s  t h e  a x i s  sys tem and t h e  e q u a t i o n s  used t o  compute 

t h e s e  c o e f f i c i e n t s .  

F i r s t  s t a g e  f i l l i n g  t i m e .  - F i l l i n g  times were de t e rmined  by 

a n a l y s i s  of on-board pho tog raph ic  cove rage .  For  t h e s e  a n a l y s e s ,  

f i l l i n g  t i m e  was d e f i n e d  a s  t h e  t i ~ e  from l i n e  s t r e t c h  t o  t h a t  

t i m e  when t h e  p r o j e c t e d  a r e a  of  t h e  f i r s t  s t a g e  became r e l a t i v e l y  

c o n s t a n t  a t  t h e  s t e a d y - s t a t e ,  f u l l y  i n f l a t e d  c o n d i t i o n .  

R e s u l t a n t  f o r c e  a r e a  ( C  S ) v e r s u s  t i m e  d u r i n g  deployment.  - 
R W - 

R e s u l t a n t  f o r c e  a r e a  v e r s u s  t i m e  was o b t a i n e d  by d i v i d i n g  t h e  

t o t a l  c o r r e c t e d  f o r c e  by t h e  c o r r e c t e d  dynamic p r e s s u r e .  



Relative 
Wind t tz 

Bomb-type test vehicle Controllable tes t  vehicle 

Y = tan - l L  
(L/ D) 

v~ (MSL) 
VMSL = -- 

Sin Y 

q = 1 Po WMSL12 
I 

Bomb-type and controllable test vehicles 

Y Flight path angle, measured negative down from horizontal, degrees 
8 Angle of boom relative to earth axis system hor inon t~ l ,  degrees 

Qi Angle of attack indicated by the boom sensor.  degrees 

Vi Velocity indicated b y  the sensar ,  f t / s ec  
V ~ ( ~ ~ ~ )  Rate of descent, average, corrected to mean-sea-letel .  f t lsec.  

VMSL Velocity, average, corrected to mean-sea-level, f t l s r c .  

Po Mass density of a i r  at  sea-level, s lugs/ft3 
p P ressu re  of air ,  :bslft2 
R Specific gas constant 
T Temperature of a i r ,  degrees Ranklnr 

Figurc 1 j2. Axis sys tem and equations used in determining C C and CR L' D 



C o n t r o l l a b l e  V e h i c l e  T e s t s  

Dynamic p r e s s u r e ,  t o t a l  f o r c e ,  and r e s u l t a n t  f o r c e  a r e a  d u r i n g  

t h e  deployment phase of  t h e  f l i g h t .  - For t h e  deployment phase  o f  - 
t h e  f l i g h t ,  d a t a  p r o c e s s i n g  was handled  i n  t h e  same manner a s  

d e s c r i b e d  f o r  t h e  bomb-type v e h i c l e  tests.  

L/D d u r i n g  t h e  g l i d i n g  p o r t i o n  of t h e  f l i g h t .  - L i f t - t o - d r a g  

r a t i o  d u r i n g  t h e  g l i d i n g  p o r t i o n  o f  t h e  c o n t r o l l a b l e  v e h i c l e  t es t s  

was de t e rmined  by measur ing  t h e  f l i g h t  p a t h  a n g l e  of  t h e  tesc s y s -  

t e m  r e l a t i v e  t o  t h e  ambient  a i r .  Measurements were made w i t h  a  

vane- type i n d i c a t o r  which measured a n g l e - o f - a t t a c k  and ang le -o f -  

s i d e s l i p  of  t h e  i n s t r u m e n t  inounting boom, r e l a t i v e  t o  t h e  ambiznt  

a i r ,  and a  pendulum-type i n s t r u m e n t  which measured t h e  a l t i t u d e  o f  

t h e  t e s t - i n s t rumen t -moun t ing  boom r e l a t i v e  t o  a n  e a r t h - h o r i z o n t a l -  

r e f e r e n c e  p l a n e .  The combina t ion  o f  t h e s e  measurements p rov ided  

f l i g h t  p a t h  a n g l e  of  t h e  tes t  sys tem r e l a t i v e  t o  t h e  ambient  a i r .  

The test  i n s t r u m e n t a t i o n  w a s  mounted on a  boon which p r o j e c t e d  

forward of t h e  t e s t  v e h i c l e .  I n  o r d e r  t o  accoun t  f o r  t h e  e f f e c t s  

of t h e  f low f i e l d  around t h e  t e s t  v e h i c l e  on t h e  i n d i c a t e d  f l i g h t  

p a t h  a n g l e ,  t h e  t e s t  i n s t r u m e n t a t i o n / t e s t  v e h i c l e  combina t ion  was 

c a l i b r a t e d  i n  a  wind t u n n e l .  The r e s u l t s  o f  t h e  wind t u n n e l  t es t s  

shcwed t h a t  t h e  f l i g h t  p a t h  a n g l e  was d e f i n e d  a s  f o l l o w s :  

Y F l i g h t  p a t h  a n g l e ,  measured n e g a t i v e  down from h o r i z o n t a l  
( d e g r e e s )  = 8 - "1 

8 Angle of  boom r e l a t i v e  t o  e a r t h  a x e s  sys tem h o r i z o n t a l ,  d e g r e e s  

al Boom a n g l e - o f - a t t a c k  i n  d e g r e e s  a s  d e r i v e d  from t h e  boom 
s e n s o r  r e a d i n g  ( c o r r e c t e d  f o r  payload  i n t e r f e r e n c e  e f f e c t s )  

- - ai + 1.83UO - 0.3157 8' - 0.1290 Vi + .00387 viBO - 
a Angle of  a t t a c k  i n d i c a t e d  by t h e  boom s e n s o r ,  i n  d e g r e e s  i 

' Angle of s i d e s l i p  a t  t h e  moment r e f e r e n c e  c e n t e r  i n  d e g r e e s  

Vi s i n  B1 - r x  + pz  
( 1 

'i 



$1 Sideslip angle indicated by the boom sensor, in degrees 

Vi Velocity indicated by the sensor in feet per second 

r, p Angular velocities about the 2- and X-axes, respectively, 
in radians per second 

x X-axis displacement of the sensor from the moment reference 
center in feet 

z Z-axis displacement of the sensor frcm the moment reference 
center in feet 

During the flight test program, comparisons of the corrected 

values of L/D with phototheodolite-derived L/D data showed poor 

correlation. On the other hand, values of L/D based on the un- 

corrected, measured angles gave excellent correlation with photo- 

theodolite-derived L/D data. Consequently, all intermediate-scale 

controllable-vehicle-flight-test L/D data in this report are based 

directly on instrumentation-measured flight path angles. No cor- 

rections were made for the effects of test vehicle or parawkng on 

the flow field in which the L/D sensor system operated. The L/D 

values presented in this report are numerical averages over time 

intervals of approximately ten to fifteen seconds, with the data 

being sampled at the rate of one point per second. All values of 

L/D are for straight flight or very slow rates of turn. 

Lift, drag, and resultant force coefficients. - Lift, drag, and 
resultant force coefficient values presented in this report for 

the controllable-test-vehicle flights were baszd on uncorrected 

flight-path-angle measurements, indicated airspeed as measured by 

on-board instrumentation, on-board instrumentation atmospheric 

pressure measursxients and sounding balloon atmospheric temperature 

data. The time intervals for which coefficient data were analyzed 

corresponded with those over which L/D data were computed. Figure 

152 presents the axis system and the equations used to compute 

these equations. 



. I 

' -  i 
. . j  

Turn rate. - Turn rate was measured from recordings of headings 
.> . 

- .  ' 5  
I indicated by an on-board directional gyro. The turn rate data 

. '., . . . i f  . .:I presented in this report were obtained graphically by measuring 

the slope of the directional-heading-versus-time plots. The gra- 

phic measurements were always made during time intervals when the 

system was in steady-state turn. 



APPENDIX C 

CHRONOLOGICALLY ORDERED RESUMES OF TESTS 

T e s t  200T 

The o b j e c t i v e  of T e s t  200T was t o  check twin  k e e l  parawing 

t e s t  v e h i c l e  system o p e r a t i o n  under minimu-n load c o n d i t i o n s  and t o  

v e r i f y  t h e  parawing r e e f i n g  system performance. A Version No. I 

twin k e e l  parawing was used i n  t h i s  tes t .  

Launch of t h e  2 8 7 9  pound (WD) bomb tes t  v e h i c l e  from t h e  C-130 

a i r c r a f t  and deployment of t h e  programmer pa rachu te  were as planned. 

Following programmer pa rachu te  d i s c o n n e c t ,  two p i l o t  pa rachu tes  

were deployed, which i n  t u r n  deployed t h e  parawing. E x t r a c t i o n  and 

s t r e t c h o u t  c f  t h e  parawing from i t s  deployment bag were normal. il 
6 

Dynamic p r e s s u r e  a t  t h e  t i m e  of parawing l i n e  s t r e t c h  was 2 8  p s f ,  

compared wi th  20 psf  p l a n e d .  A l t i t u d e  a t  l i n e  s t r e t c h  was 4 7 5 4  i 
f t ,  compared w i t h  5000 f t  planned. 

A l l  parawing r e e f e d  s t a g e s  were normal. However, t h e  l i n e  
j 

t r a n s f e r  e v e n t  occurred  approximately 1.1 seconds a f t e r  t h i r d  s t a g e  y 

d i s r e e f ,  r a t h e r  than  t h e  3.0 seconds planned.  Cause of  t h e  abbre-  

v i a t e d  f o u r t h  r e e f e d  s t a g e  i n t e r v a l  was twofold.  F i r s t ,  t h e  t i m e  

from programmer d i sconnec t  t o  parawing l i n e  s t r e t c h  a c t u a l l y  re- 
i 

q u i r e d  about  one second longer  than  planned. S ince  t h e  l i n e  t r a n s -  

f e r  even t  was c o n t r o l l e d  by an  e l e c t r i c  t ime d e l a y  i n i t i a t e d  a t  i 

programmer pa rachu te  d i sconnec t ,  whi le  t h e  t h i r d  s t a g e  d i s r e e f  was 

c o n t r o l l e d  by a reefing-cucter-pyrotechnic t i m e  de lay  i n i t i a t e d  a t  

parawing l i n e  s t r e t c h ,  t h e  longer  t ime t o  l i n e  s t r e t c h  reduced t h e  

f o u r t h  r e e f e d  s t a g e  i n t e r v a l  by one second. Secondly, t h e  t h i r d  

s t a g e  r e e f i n g  c u t t e r s  f i r e d  approximately 0.9 second long.  The 5 

s h o r t  f o u r t h  r e e f e d  s t a g e  prevented t h e  wing from opening f u l l y ,  

p r i o r  t o  t h e  l i n e  t r a n s f e r  even t .  Thus, t h e s e  two e v e n t s  were 

0 

2 4 4  



somewhat merged, r a t h e r  t h a n  s e p a r a t e  and d i s t i n c t .  T h i s  anomaly 

caused  no p a r t i c u l a r  problem,  e i t h e r  i n  t h e  deployment  sequence  

o r  i n  t h e  subsequen t  g l i d i n g  phase  o f  t h e  f l i g h t .  

The g l i d i n g  p o r t i o n  of  t h e  f l i g h t  was normal ,  w i t h  t h e  sys t em 

s t a b l e  t h roughou t  t h e  f l i g h t .  The sys tem made a  v e r y  s low t u r n  t o  

t h e  l e f t  a t  a  r a t e  of app rox ima te ly  1 . 4  d e g r e e s  p e r  second.  Aver- 

a g e  MSL r a t e - o f - d e s c e n t  measured was 9 . 3 5  f p s ,  and  t h e  a v e r a g e  

l i f t - t o - d r a g  r a t i o  was 3.21,  a s  de t e rmined  from ASKANIA d a t a .  

P o s t  tes t  i ~ l s p e c t i o n  r e v e a l e d  no  s i g n i f i c a n t  damage t o  e i t h e r  

t h e  parawiny o r  t h e  t e s t  v e h i c l e .  A l l  i n s t r u m e n t a t i o n  f o r  t h e  t e s t  

f u n c t i o n e d  a s  p l anned ,  e x c e p t  f o r  t h e  l o a d  l i n k  on  l i n e  L6, which 

r e g i s t e r e d  a  no- load s i g n a l  u n t i l  t h e  l i n e  t r a n s f e r  e v e n t .  

A s  a  r e s u l t  o f  t h e  a b b r e v i a t e d  f o u r t h  r e e f e d  s t a g e  i n  t h i s  

t e s t ,  t h e  nominal t ime  between t h i r d  s t a g e  d i s r e e f  and t h e  l i n e  

t r a n s f e r  e v e n t  was i n c r e a s e d  fro]; 3.0 s econds  t o  5.0 s econds  on  

a l l  subsequen t  bomb v e h i c l e  t es t s .  

T e s t  204T 

The object:-ve o f  T e s t  204T w a s  t o  o b t a i n  d e s i g n  and  s c a l i n g  

d a t a  f o r  a  f u l l - s c a l e  parawing sys tem by neans  o f  s c a l e d  test  con- 

d i t i o n s  s i m u l a t i n g  a  15,000 pound sys tem w e i g h t  dep loyed  a t  18 ,000  

f t  a l t i t u d e ,  2 t  a  dynamic p r e s s u r e  of  70 p s f .  A V e r s i o n  N o .  I 

wing was flown i n  t h i s  t es t .  

Launch  of  t h e  3786 pound (;JD) t e s t  v e h i c l e  f rom t h e  C-130 a i r -  
I 
t 

t 
c r a f t  and deployment o f  t h e  programmer p a r a c h u t e  were a s  p lanned .  

Fo l lowing  programmer p a r a c h u t e  d i s c o n n e c t ,  a  ~ i l o t  p a r a c h u t e  was 

dep l cyed ,  which i n  t u r n  dep loyed  t h e  parawing.  ~ x t r a c t i o n  and 

s t r e t c h o u t  of  t h e  parawing were normal .  Dynamic D r e s s u r e  a t  t h e  
, > 

t i m e  of  parawing l i n e  s t r e t c h  was 49.2 p s f ,  compared w i t h  44.3  sf 

p lanned .  A l t i t u d e  z t  l i n e  s t r e t c h  was 18,784 f t ,  compared w i t h  

18,000 f t  p lanned .  , 

t 



A l l  parawing r e e f e d  s t a g e s  were normal.  However, t h e  bomb 

v e h i c l e  developed u s p i n n i n g  and coning  type  o f  o s c i l l a t i o n  a f t e r  

f i r s t  r e e f e d  s t a g e  i n f l a t i o n .  These v e h i c l e  motions damped o u t  

d u r i n g  subsequent  s t a g e s  of  t h e  deployment.  

The g l i d i n g  p o r t i o n  o f  t h e  f l i g h t  was normal ,  w i t h  t h e  pa ra -  

wing-vehicle  system s t a b l e  th roughou t  t h e  f l i g h t .  The sys tem made 

a  slow t u r n  t o  t h e  l e f t  a t  a  r a t e  o f  approximate ly  3  d e g r e e s  p e r  

second. A t  102 seconds  i n t o  t h e  f l i g h t  t h e  ASKANIA c a n e r a s  were, 
f o r  r e a s o n s  unknown, s h u t  down; t h e s e  cameras were n o t  r e s t a r t e d  

u n t i l  1360 seconds  i n t o  t h e  f l i g h t ,  some 21 seconds  p r i o r  t o  i m -  
p a c t .  For t h o s e  p o r t i o n s  of  t h e  f l i g h t  where d a t a  were c o l l e c t e d ,  

t h e  ave rage  MSL r a t e - o f - d e s c e n t  K a s  10.43 f p s ,  and t h e  ave rage  

l i f t - t o - d r a g  r a t i o  was 3.08, a s  de te rmined  from ASKANIA d a t a .  

P o s t  t e s t  i n s p e c t i o n  r e v e a l e d  no s i g n i f i c a n t  damage t o  e i t h e r  

t h e  parawing o r  t h e  test  v e h i c l e .  Two minor d i s c r e p a n c i e s  were 

noted .  One was t h e  l o s s  o f  t h e  two, second s t a g e  r e e f i n g  c u t t e r s  

l o c a t e d  a t  l i n e  RK2, due t o  broken r e e f i n g  c u t t e r  pocke t  t a c k  t i e s  

which p e r m i t t e d  t h e  c u t t e r s  t o  f a l l  o u t  o f  t h e i r  p o c k e t s  a f t e r  

f u n c t i o n i n g .  The o t h e r  was s h e a r i n g  o f  a  r o l l  p i n  on  one o f  t h e  

v e h i c l e  mounted, l i n e  t r a n s f e r  a s s e m b l i e s .  The f u n c t i o ; ~  of  t h e  

r o l l  ? i n  was t o  p r e v e n t  r o t a t i o n  o f  t h e  assembly beyond a  f i x e d  

a n g u l a r  d i sp l acemen t .  

T e s t  200s 

The o b j e c t i v e  o f  T e s t  200s was t o  check s i n g l e  k e e l  parawing- 

tes t  v e h i c l e  sys tem o p e r a t i o n  under  minimum l a a d  c o n d i t i o n s  and t o  

v e r i f y  t h e  parawing r e e f i n g  system performance.  A Vers ion  No. I 

s i n g l e  k e e l  parawing was flown i n  t h i s  t ,est.  
, 

Launch of t h e  2868 pound (WD) bomb test v e h i c l e  from t h e  C-119 

a i r c r a f t  and deployment of  t h e  programmer p a r a c h u t e  were normal ,  

e x c e p t  f o r  a  momentary hangup of t h e  progralivner pack a g a i n s t  t h e  

i n s i f l e  o f  t h e  v e h i c l e  a f t  c a n ,  due t o  i n i t i a l  p i t c h o v e r  o f  t h e  



v e h i c l e  a t  l aunch .  Fo l lowing  programmer p a r a c h u t e  d i s c o n n e c t ,  two 

p i l o t  p a r a c h u t e s  were dep loyed ,  which i n  t u r n  dep loyed  t h e  Dara- 

wing. E x t r a c t i o n  of t h e  parawing from i t s  deployment  bag was nor-  

mal.  Dynamic p r e s s u r e  a t  t h e  t i m e  of parawing l i n e  s t r e t c h  was 

29.4 p s f ,  compared w i t h  25.0 psf  p lanned .  A l t i t u d e  a t  l i n e  s t r e t c h  

was 4882 f t ,  compared w i t h  5000 f t  p l anned .  

A l l  parawing r e e f e d  s t a g e s  were normal .  Fo l lowina  t h e  l i n e  

t r a n s f e r  e v e n t  the nose  of t h e  parawing  tucked  under  and remained 

i n  t h a t  p o s i t i o ~ i  t h roughou t  t h e  g l i d i n g  f l i g h t .  The s i i spens ion  

l i n e  r i g g i n g  f o r  t h i s  tes t  had been  used  p r e v i o u s l y  i n  s m a l l - s c a l e  

T e s t s  105s  and 107s .  The tendency  f o r  nose  t u c k  w i t h  t h i s  r i g g i n g  
d was e v i d e n t  i n  T e s t  107S, when s h o r t l y  a f t e r  l i n e  t r a n s f e r  i n  t h a t  

t e s t ,  t h e  nose  tucked  under  and remained s o  t u c k e d  u n t i l  touchdown. 

' i Average MSL r a t e - o f - d e s c e n t  f o r  T e s t  200s was 14.46 f p s ,  and  t h e  
. ' B  

.i a v e r a g e  l i f t - t o - d r a g  r a t i o  was 1 . 6 9 ,  a s  de t e rmined  from ASKANlA 
d a t a .  

P o s t  t e s t  i n s p e c t i o n  r e v e a l e d  no damage t o  t h z  parawing ,  o t h e r  

t h a n  two s m a l l  b l r n  h o l e s ,  1 /4- inch  and 1/2-, inch l o n g ,  i n  t h e  l e f t -  

hand l o b e  i n  t h e  p a n e l  bounded by L3-1/2, K7, L4 and K8, p l u s  nu- 

merous s c u f f  marks and d i s c o l o r a t i o n s  d i s t r i b u t e d  o v e r  t h e  canopy.  

The bomb v e h i c l e  was undamaged i n  t h e  t e s t .  

T e s t  20 15  

The o b j e c t i v e  of  T e s t  201s was t o  d e m o n s t r a t e  t h e  c a p a b i l i t y  

of a 5000 pound sys tem t o  be s u c c e s s f u l l y  dep loyed  a t  t h e  m! nimum 

r e q u i r e d  a l . t i t u d e  and dynamic p r e s s u r e ,  namely 3000 f t  a..3 50 p s f ,  

r e s p e c t i v e l y .  A Ve r s ion  No. I s i n g l e  k e e l  wing was f lown i n  t h i s  

tes r . 
Launch of  t h e  4997 pound (WD) bomb t e s t  v e h i c l e  from t h e  C-130 

a i r c r a f t ,  deployment  of t h e  programmer p a r a c h u t e  and sys tem ope ra -  

t i o n  u n t i l  programmer p a r a c h u t e  d i s c o n n e c t  were as p lanned .  Fol low- 

i n g  programmer p a r a c h u t e  d i s c o n n e z t  two p i l o r  p a r a c h u t e s  were 



deployed ,  which i n  t u r n  deployed  t h e  parawing.  E x t r a c t i o n  and 

s t r e t c h o u t  of  t h e  parawing from i t s  deployment bag were normal.  

Dynamic p r e s s u r e  a t  t h e  t ime  of  parawing l i n e  s t re tch  was 32.6 p s f ,  

compared wi th  30 psf  p lanned .  A l t i t u d e  a t  l i n z  s t r e t c h  wzs 2627 

f t ,  compared w i t h  3000 f t  p lanned .  

A t  1 .35  seconds  a f t e r  parawing l i n e  s t r e t c h ,  a s  t h e  wing 

nea red  o r  r eached  f i r s t  s t a g e  r e e f e d  i n f l a t l o n ,  t h e  r i g h t  l o b e  

s p l i t  and c o l l a p s e d .  The t e a r  appeared  t o  s t a r t  a t  a p o i n t  n e a r  

tP.e c e n t e r  of t h e  r i g h t  l o b e ,  j u s t  fo rward  of  t h e  l a t e r a l  t a p e  be- 

tween K9 and K4-1/2. The tear propagate:! p a r a l l e l  t o  t h i s  l a t e r a l  

t a p e  i n  bo th  d i r e c t i o n s ,  s t o p p i n g  a t  t h e  k e e l  j u s t  fo rward  of l i n e  

K9 on t h e  inboa rd  s i d e .  On t h e  ou tboa rd  s i d e  t h e  t e a r  p ropaga ted  

t o  t h e  l e a d i n g  edge t a p e ,  t h e n  forward a l o n g  t h e  l e a d i n g  edge t a p e  

t o  t h e  l a t e r a l  t a p e  from R 4  t o  K8 and c o n t i n u e d  i n b o a r d ,  p a r a l l e l  

t o  and j u s t  a f t  o f  t h i s  t a p e ,  from R4 t o  t h e  K8 k e e l  liz:: r e i n f w c -  

i n g  pa t ch .  Thus,  t h e  r i g h t  l o b e  damage was a  completc  ,:.;:*ring o u t  

of  t h e  p a n e l  bounded by K8, R 4 ,  R4-1/2 and Kg, exczps :'?r t h e  s p a c e  

between K8 and K g ,  whare t h e  t o r n  p a n e l  remained a t t a c h e d  t o  t h e  

wing. 

A t  t h e  t i m e  o f  f i r s t  s t a g e  d i s r e e f ,  t h e  dynamic p r e s s u r e  was 

27.5 p s f ,  compared w i t h  12  psf  p l anned ,  due t o  f a i l d r e  and  subse-  
i quen t  c o l l a p s e  o f  t h e  r i g h t  l obe .  A t  0.18 second a f t e r  f i r s t  s t a y e  

d i s r e e f  t h e  l e f t  l o b e  s p l i t .  The l e f t  l o b e  f a i l u r e  was a  t e a r  i n  ,; 
t h e  canopy c l o t h  e x t e n d i n g  from t h e  edge of t h e  K 8  k e e l  i i n e  r e i n -  

f o r c i n g  pa t ch  o u t b o a r d ,  p a r a l l e l  t o  and j u s t  forwdrd o f  t h e  l a t e r a l  -: 
t a p e  from K 8  t o  L4, t o  t h e  L4 r e i n f o r c i , ~ ?  p a t c h .  The t e a r  c o n t i n -  1 
ued forward a l o n g  t h e  l e a d i n g  edge t o  L3, t h e n  i n b o a r d ,  p a r a l l z l  

f 

t o  and j u s t  a f t  of  t h e  i3 to  K 6  i a t e r a l  t a p e  t o  a o o i n t  anproxi- .  i 
mately 75 p e r c e n t  of  t h e  d i s t a n c e  froo 53 to  KC. A t  t h i s  p o i n t  

t h e  t e a r  took a  90 d e g r e e  jog t o  a midpanel  l c c a t i o n  and t h e n  con- 

t i n u e d  i t s  p a t h  p z r a l l e l  t o  t h e  l a t e r a l  t a p e ,  u n t i l  i L  r eached  t h e  

k e e l  a t  a p o i n t  app rox ima te ly  midway between k e e l  l i c e s  K6 and KS. 

r i .  .. L, . . 
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Desp i t e  t h e  major  damage to  bo th  l o b e s ,  t h e  sys tem d e c e l e r a t e d  

t o  a dynamic p r e s s u r e  o f  10.7 p s f  a t  t h e  t i m e  o f  second  s t a g e  d i s -  

r e e f ,  compared w i t h  5.6 p s f  planned.  The remain ing  s t a g e s  were 

abr-orticll, due  t o  t h e  e x t e n s i v e  damage to  t h e  wing. Fol lowing  t h e  

l i n e  t r a n s f e r  e v e n t  t h e  wing i n f l a t e d  i n  t w o  s e c t i o n s ,  w i t h  t h e  

forward  and a f t  s e c t i o n s  h e l d  t o g e t h e r  o n l y  by t h e  l e a d i n g  edges  

and k e e l  s t r u c t u r e .  Ra te -of -descent  a t  touchdown was 35 f p s .  

Minor damage to t h e  v e h i c l e  a f t  parawing compartment w a s  i n c u r r e d  

a t  impact .  

A ~ o s t  t e s t  i n s p e c t i o n  o f  t h e  parawing i d e n t i f i e d  t h e  f o l l o w -  

i n g  canopy damage, i n  a d d i t i o n  t o  t h e  e x t e n s i v e  can01 c l o t h  tears 

i n  b o t h  t h e  r i g h t  and l e f t  lobes o f  t h e  wing p r e v i o u s l y  d e s c r i b e d :  

(1) numerous bu rns  on  t h e  u n d e r s i d e  o f  t h e  r e i n f o r c i n g  p a t c h  a t  L3,  

( 2 )  b roken  s t i t c h i n g  a l o n g  t h e  l e a d i n g  edge  f o r  app rox ima te ly  1 2  

i n c h e s  a t  t h e  r e e f i n g  r i n g  l o c a t e d  a t  L3-1/2, ( 3 )  broken  k e e l  

s t i t c h i n g  a t  K 8 ,  ( 4 )  a 1- inch  long  c l o t h  tear i n  t h e  r i g h t  l o b e  

n e a r  t h e  k e e l ,  between K10 and  K 1 1 ,  (5) a b u r n  h o l e ,  2-1/2-inches 

i n  d i a m e t e r ,  between K5 and K6, and ( 6 )  a cu rved  s c u f f  o r  a b r a s i o n  

mark n e a r  t h e  c e n t e r  o f  t h e  r i g h t  l o b e ,  ex t end ing  from a f t  o f  t h e  

l a t e r a l  r e i n f o r c i n g  t a p e  between K9 and  H4-1/2 t o  a p o i n t  fo rward  

of  t h e  r e i n f o r c i n g  t a p e  where j t  ne rged  w i t h  t h e  tear i n  t h e  r i g h t  

l o b e  panel.. F i g u r e  9 3  i d e n t i f i e s  t h e  major canopy damage i n c u r r e d  

i n  t h i s  test .  

A n  e x t e n s i v e  f a i l u r e  a n a l y s i s  of  t h i s  test  w a s  conducted .  

The c o n c l u s i o n  of  t h i s  a n a l y s i s  w a s  t h a t  t h e  parawing f a i l u r e  i n  

T e s t  2015 most p robab ly  w a s  c aused  by damage t o  t h e  canopy c l o t h  

p r i o r  t o  or d u r i n g  i n i t i a l  deployment.  Labora to ry  tests o f  t h e  

canopy c l o t h  m a t e r i a l  showed t h a t  w i t h  t h e  c l o t h  under  load, a 

s m a l l  h o l e  or c u t  i n t r o d u c e d  i n  t h e  c l o t h  would immedia te ly  propa-  

g a t e ,  i f  t h e  l o a d  were 18  t o  2 4  p e r c e n t  o f  t h e  r a t e d  c l o t h  s t r e n g t h  

o r  g r e a t e r .  
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A s  a p a r t  of  t h e  f a i l u r e  a n a l y s i s  a number o f  a l t e r n a t i v e  
9 

c o r r e c t i v e  measures were considered .  Of t h e  s e v e r a l  a l t e r n a t i v e s ,  ; 
t h e  recommended c o r r e c t i v e  a c t i o n  w a s  t h e  a d d i t i o n  to t h e  s i n g l e  

k e e l  canopy of  a c l o t h  cap  made o f  nylon pa rachu te  material. This  1 
cap  was t o  provide  p r o t e c t i o n  to  t h e  l o w  p o r o s i t y  canopy c l o t h  

from f r i c t i o n / a b r a s i o n  damage, p l u s  a redundant  secondary load 

pa th  i n  the e v e n t  of  canopy c l o t h  f a i l u r e .  Design of  such a c l o t h  

cap  was completed. However, no s i n g l e  k e e l  parawings were s o  mod- 

i f i e d ,  and no f u r t h e r  s i n g l e  k e e l  parawing a e r i a l  tests were con- 
I 

ducted ,  subsequent  t o  T e s t  201s. 1 
8 
i 

j 
T e s t  201T 

i 
f The o b j e c t i v e  of  T e s t  201T w a s  t o  demonst ra te  t h e  c a p a b i l i t y  ! 

of t h e  parawing to  be s u c c e s s f u l l y  deployed on a 5000 pound payload ! 

a t  t h e  minimum r e q u i r e d  a l t i t u d e  and dynamic p r e s s u r e ,  namely 3000 { 

f t  and 30 p s i ,  r e s p e c t i v e l y .  A Version N o .  I wing was used i n  t h i s  
i 

test. i 

Launch of t h e  5034 pound (WD) bomb test v e h i c l e  from t h e  C-119 

a i r c r a f t ,  deployment of  t h e  programmer pa rachu te  and sys tem opera-  

t i o n  through programmer parachute  d i sconnec t  were a s  planned. Fol- 

lowing programmer pa rachu te  d i s c o n n e c t ,  t w o  p i l o t  pa rachu tes  were 

deployed which i n  t u r n  deployed t h e  parawing. E x t r a c t i o n  of t h e  

parawing from i ts  deployment bag w a s  normal. Dynamic p r e s s u r e  a t  

t h e  t i m e  of parawing l i n e  s t r e t c h  was 32.9 p s f ,  compared w i t h  30 

psf planned. A l t i t u d e  a t  l i n e  s t r e t c h  was 3740 f t ,  compared wi th  

4000 f t  planned (Note: t h e  a l t i t u d e  f o r  parawing deployment was 

inc reased  from t h e  o r i g i n a l l y  planned 3000 f t  t o  4000 f t ,  a s  a 

s a f e t y  measure fo l lowing t h e  parawing s t r u c t u r a l  f a i l u r e  i n  T e s t  

201s) .  

A l l  parawing r e e f e d  s t a g e s  up through t h e  t h i r d  s t a g e  were 

normal. A t  t h i r d  s t a g e  d i s r e e f  t h e  l e f t  t r a i l i n g  edge of  t h e  wing 

f a i l e d  t o  d i s r e e f .  The wing l e f t  t r a i l i n g  edge remained ga the red  



throughout  t h e  f l i g h t .  A f t e r  l i n e  t r a n s f e r  t h e  wing performed 

e r r a t i c a l l y  u n t i l  impact.  Average ra te-of-descent  i n  t h i s  pe r iod  

was 41.6 f p s .  However, on ly  minor damage to  t h e  v e h i c l e  a f t  para- 

wing compartment was i n c u r r e d  a t  impact.  

P o s t  tes t  i n s p e c t i o n  of  t h e  wing r e v e a l e d  t h a t  t h e  t r a i l i n g -  

edge-gather ing- l ine  loop on t h e  l e f t  s i d e  a t  L6 had,  p r i o r  t o  t h i r d  

s t a g e  d i s r e e f ,  been p u l l e d  p a r t i a l l y  i n t o  t h e  outboard  r e e f i n g  

c u t t e r  a t  LK12. This  i n  e f f e c t  in t roduced  t w o  t h i c k n e s s e s  of  

10,000 pound nylon l i n e  i n t o  a r e e f i n g  c u t t e r  r a t e d  t o  c u t  a  max- 

imum 12,030 pounds o f  nylon l i n e .  When t h e  outboard  r e e f i n g  c u t -  

ter a t  LK12 f i r e d ,  t h e  g u i l l o t i n e  k n i f e  b l a d e  p a r t i a l l y  severed  

the two t h i c k n e s s e s  of t h e  g a t h e r i n q - l i n e  loop and then  s t o p ~ e d ,  

e f f e c t i v e l y  jamming t h e  loop i n  t h e  . c  cer .  This  prevented  t h e  

f r e e  end of t h e  g a t h e r i n g  l i n e  severed  by t h e  inboard  (r 'edundant) 

t h i r d  s t a g e  c u t t e r  a t  RK12 from t h r e a d i n g  through t h e  outboard  

LK12 c u t t e r  t o  f r e e  t h e  l e f t  t r a i l i n g  edge of  t h e  wing. 

Cor rec t ive  a c t i o n  t o  p reven t  p o s s i b l e  occurrence  of t h i s  prob- 

l e m  i n  subsequent  f l i g h t s  was a  r e d u c t i o n  i n  t h e  s t r e n g t h  of t h e  

t r a i l i n g - e d g e  g a t h e r i n g  l i n e  from 10,000 pounds t o  6000 pounds. 

TFis f i x  was u t i l i z e d  on a l l  subsequent  f l i g h t s  u n t i l  T e s t  206T, 

when a modified t h i r d - s t a g e - t r a i l i n g - e d g e  r e e f i n q  system was 

in t roduced.  

The p o s t  test i n s p e c t i o n  a l s o  i d e n t i f i e d  some minor damage t o  

t h e  parawing canopy. This  damage inc luded:  (1) t h r e e  b u r n s ,  from 

1/4-inch t o  1/2-inch i n  s i z e ,  l o c a t e d  i n  t h e  l e f t  han? s e c t i o n  of 

t h e  wing, approximately 10 f t  inboard from t h e  l ead ing  edge i n  t h e  

panel  bounded by L4-1/2, LK9, L5 and LK10, ( 2 )  two h o l e s ,  1/2-inch 

and 1-inch i n  d iamete r ,  on t h e  r e i n f o r c i n g  patch  a t  L3-1/2, (3 )  

two burn h o l e s  3-inches a f t  of t h e  nose l e a d i n g  edge and 30 inches  

inboard from R K 1 ,  p l u s  approximately a  dozen s u p e r f i c i a l  burns  i n  

t h e  same a r e a ,  ( 4 )  a 1/8-inch d iameter  h o l e  i n  t h e  r i g h t  s e c t i o n  

of t h e  wing between RKlO and R K l l ,  approximately 10 f t  outboard  

from t h e  k e e l ,  and ( 5 )  a  1-1/4-inch h o l e  and 3-inch long burned 

a r e a  j u s t  forward of t h e  t r a i l i n g  edge a t  RT2. 



T e s t  202T 

The o b j e c t i v e  of  T e s t  202T was t o  o b t a i n  d e s i g n  and s c a l i n g  

d a t a  f o r  a  f u l l - s c a l e  parawing sys tem by means o f  s c a l e d  t e s t  con- 

d i t i o n s  s i m u l a t i n g  a  15,000 pound parawing-vehic le  system deployed  

a t  a  dynamic p r e s s u r e  o f  100 psf  and a n  a l t i t u d e  of  14,030 f t .  

(The o r i g i n a l l y  planned deployment a l t i t u d e  w a s  18,000 f t .  However, 

maxi -.um launch  a l t i t u d e  f o r  t h e  C-119 used  i n  t h i s  test  was 20,000 

f t .  To o b t a i n  a  n e a r - v e r t i c a l  f l i g h t  p a t h  a t  parawing deployment,  

it was necessa ry  t o  lower t h e  deployment a l t i t u d e  from 18,000 f t  

t o  14,030 f t . )  A Vers ion  No. I wing was flown i n  t h i s  test. 

Launch o f  t h e  3792 pound (WD) bomb tes t  v e h i c l e  from t h e  C-119 

a i r c r L r t  and dep loynen t  o f  t h e  programmer p a r a c h u t e  were a s  p l anned ,  

excep t  f o r  a  momentary hangup o f  t h e  programmer pack a g a i n s t  t h e  

i n s i d e  of  t h e  v e h i c l e  a f t  c a n ,  due  t o  i n i t i a l  p i t c h o v e r  of t h e  

v e h i c l e  a t  l aunch .  Fol lowing programmer p a r a c h u t e  d i s c o n n e c t  a  

p i l o t  p a r a c h u t e  was deployed ,  which i n  t u r n  deployed  t h e  parawing. 

A t  t h e  t i m e  of  parawing l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was 69.6 

p s f ,  compared w i t h  63.3 ps f  planned.  A l t i t u d e  a t  l i n e  s t r e t c h  was 

14,107 f t ,  compared w i t h  14,000 f t  p lanned .  

A l l  parawing r e e f e d  s t a g e s  were normal.  However, t h e r e  was 

an  e s t i m a t e d  180 d e g r e e  t w i s t  i n  t h e  parawing suspens ion  l i n e s  

du r ing  t h e  f i r s t  r e e f e d  s t a g e .  A t  t h i r d  r e e f e d  s t a g e  i n f l a t i o n  

some minor damage was o b s e r v a b l e  i n  t h e  c e n t e r  s e c t i o n  nose a r e a  

of t h e  wing. 

The g l i d i n g  p o r t i o n  o f  f l i g h t  was normal ,  w i t h  t h e  sys tem 

making a  slow t u r n  t o  t h e  l e f t  a t  t h e  r a t e  of  approximate ly  2  de- 

g r e e s  p e r  second. Average MSL r a t e - o f - d e s c e n t  f o r  t h e  g l i d i n g  

p o r t i o n  of  f l i g h t  was 14.4 f p s ,  and ave rage  l i f t - t o - d r a g  r a t i o  was 

2.07, a s  de te rmined  from ASKANIA d a t a .  The r e l a t i v e l y  low L/D 

r a t i o  i n  t h i s  t e s t  s u g g e s t s  t h a t  t h e  parawing damage i n  t h e  nose  

a r e a  of wing, a l though  r e l a t i v e l y  minor ,  may have had a  s i g n i f i c a n t  

e f f e c t  on g l i d i n g  performance.  



P o s t  test  i n s p e c t i o n  o f  t h e  wing d i s c l o s e d  t h a t  t h e  s i g n i f i -  

c a n t  damage i n c u r r e d  by t h e  wing i n  t h i s  test  c o n s i s t e d  of t h e  

fo l lowing :  

a .  An i n v e r t e d ,  L-shaped tear i n  t w o  p a n e l s  i f i  t h e  con tou red  

nose  s e c t i o n  o f  t h e  wing,  t o  the r i g h t  o f  c e n t e r .  Each 

l e g  of t h e  tear was approx ima te ly  54 i n c h e s  i n  l e n g t h ,  

one  l e g  be ing  a l o n g  t h e  l e a d i n g  edge  r e i n f o r c i n g  t a p e  

and t h e  second l e g  e x t e n d i n g  a f t  t o  t h e  heavv l a t e r a l  

r e i n f o r c i n g  webbing c o n n e c t i n g  k e e l  l i n e s  LK1 and 2 K 1 .  

I n  t h e  a r e a  o f  t h e  t e a r  were twe lve  b u r n / a b r a s i o n  h o l e s  

and s e v e r a l  s m a l l  s c u f f e d  a r e a s .  

b .  Broken s t i t c h i n g  a t  t h e  fo rward  end of  t h e  r i g h t  k e e l ,  

which j o i n e d  t h e  c e n t e r  s e c t i o n  and t h e  r i g h t  hand sec- 

t i o n  s k i r t  bands.  F a i l u r e  o f  t h i s  s t i t c h i n g  p e r m i t t e d  

t h e  r i g h t  lobe and t h e  c e n t e r  nose  s e c t i o n  t o  be p u l l e d  

a p a r t ,  c a u s i n g  a 36-inch t e a r  i n  t h e  canopy c l o t h  i n  t h e  

c e n t e r  s e c t i o n  con tou red  nose  a r e a ,  a d j a c e n t  t o  and i n -  

boa rd  o f  t h e  k e e l  s k i r t  Sand. Approximately 30 p e r c e n t  

o f  t h e  s t i t c h i n g  i n  t h e  c o r r e s ~ o n d i n g  l e f t  kee l -nose  

l o c a t i o n  a l s o  f a i l e d ;  however, t h e  remain ing  s t i t c h i n g  

p reven ted  a t e a r  i n  t h e  c l o t h .  

c .  F r i c t i o n  bu rns  on t h e  s k i r t  band i n  t h e  nose a r e a  and 

on two of  t h e  nose  snubbe r  l i n e s  which a t t a c h  t h e  nose  

s k i r t  band t o  t h e  r e i n f o r c i n g  webbing between L K 1  and R K 1 .  

d .  Broken s t i t c h i n g  i n  t h e  webbing l o o p s  which ho ld  s i x  of 

t h e  r e e f i n g  r i n g s  a t  t h e  nose .  

F i g u r e  9 4  i d e n t i f i e s  t h e  major  canopy damage i n c u r r e 6  i n  t h i s  t e s t .  

A p o s t  t es t  f a i l u r e  a n a l y s i s  de t e rmined  from a s t u d v  of  bo th  

motion p i c t u r e s  of  t h e  tes t  and t h e  parawing t e s t  specimen i t s e l f ,  

t h a t  most ,  i f  n o t  a l l ,  o f  t h e  nose  damage d e s c r i b e d  above o c c u r r e d  

a s  t h e  nose  s e c t i o n  of t h e  parawing r e a d l e d  f u l l  i n f l a t i o n  fo l low-  

i n g  second s t a g e  d i s r e e f .  The a n a l y s i s  c i t e d  t h e  r a p i d  forward  



a c c e l e r a t i o n  o f  t h e  nose  a r e a  f o l l o w i n g  d i s r e e f  t o  t h i r d  s t a g e ,  

t h e  r e s u l t i n g  r a p i d  d r a g  a r e a  growth ,  and t h e  s u b s e q u e n t  sudden 

a r r e s t  of t h e  r a p i d l y  moving s k i r t  band and r e e f i n g  r i n g  mass ,  a s  

c a u s i n g  a  dynamic l o a d i n g  c o n d i t i o n ,  similar i n  n a t u r e  t o  t h e  

" snap  s t r e s s "  i d e n t i f i e d  by Asfour  i n  Re fe rence  3 .  

The recornended  c o r r e c t i v e  a c t i o n s  f rom t h e  T e s t  202T f a i l u r e  

a n a l y s i s  (which,  i n c i d e n t a l l y ,  was s t i l l  i n  p r o g r e s s  a t  t h e  t i m e  

of T e s t  205T, and t h u s ,  had t h e  b e n e f i t  o f  T e s t  205T r e s u l t s )  were: 

(1) encasement o f  t h e  f i v e  ny lon  nose  snubbe r  l i n e s  i n  c o t t o n  

s a t e e n  r l e e v e s ,  ( 2 )  s e p a r a t e  r e e f i n g  f o r  t h e  nose  s e c t i o n  o f  t h e  

wing, and ( 3 )  r e i n f o r c e m e n t  o f  t h e  s k i r t  c o r n e r  j o i n t s  a t  LK1 and  

R K 1 .  The c o r r e c t i v e  a c t i o n s  c i t e d  above  were implemented on  a  

phase- in  b a s i s  a u r i n g  t h e  remainder  o f  t h e  t e s t  program. !?e inforce-  

ment of t h e  s k i r t  c o r n e r  j o i n t s  a t  LK1 and  R K 1  was accompl i shed  

on t h e  wing f o r  T e s t  209T and o n  t h e  wings  f o r  a l l  s u b s e q u e n t  tests 

( i . e . ,  on wing Ver s ions  I V  t h rough  V I I ) .  Implementa t ion  of t h e  

o t h e r  two changes  i s  i d e n t i f i e d  i n  t h e  d e s c r i p t i o n  of  T e s t  205T. 

T e s t  205T 

The o b j e c t i v e  of  T e s t  205T was t o  p r o v i d e  a  parawing sys tem 

t e s t  a t  a  tes t  w e i g h t  of 5000 pounds,  w i t h  parawing deployment  a t  

a n  i n t e r m e d i a t e  r ange  dynamic p r e s s u r e  of  70 p s f ,  a t  t h e  naximum 

r e q u i r e d  a l t i t u d e  of 18,000 f t .  T h i s  t e s t  was a l s o  t o  s e r v e  a s  a  

comparison t e s t  p o i n t  f o r  t h e  s m a l l - s c a l e  parawing s c a l e d  T e s t  

102T. Due t o  a l t i t u d e  l i m i t a t i o n s  w i t h  t h e  C-119 l aunch  a i r c r a f t ,  

t h e  p lanned  parawing deployment  a l t i t u d e  f o r  t h i s  t e s t  had t o  be 

lowered f rom 18,000 f t  t o  14,000 f t ,  t h u s  compromising t o  a  d e g r e e  

t h e  match of  t h i s  t e s t  w i t h  s m a l l - s c a l e  T e s t  102T. A V e r s i o n  N o .  

I wing was f lown i n  t h i s  t e s t .  

Launch of t h e  50 31 pound (ND) bomb t e s t  v e h i c l e  f rom t h e  C-119 

a i r c r a f t  and deployment  o f  t h e  programmer were a s  p l a n n e d ,  e x c e p t  

f o r  a  momentary hangup o f  t h e  programmer pack.  Fo l lowing  program- 

mer p a r a c h u t e  d i s c o n n e c t ,  a  p i l o t  p a r a c h u t e  was deployed  which i n  



t u r n  deployed t h e  parawing. A t  t h e  t i m e  o f  parawing l i n e  s t r e t c h  

t h e  dynamic p r e s s u r e  was 76.3 p s f ,  compared w i t h  70 p s i  p lanned .  

Line s t r e t c h  a l t i t u d e  was 14,32€ f t ,  compared w i t h  14,000 f t  p l anned ,  

A l l  parawing r e e f e d  s t a g e s  were normal .  However, a f t e r  f i r s t  

s t a g e  r e e f e d  i n f l a t i o n  t h e  bomb v e h i c l e  deve loped  a  s p i n n i n g  and  

coning  t y p e  of  o s c i l l a t i o n .  These v e h i c l e  mot ions  damped o u t  a f t e r  

second s t a g e  i n f l a t i o n .  A f t e r  f o u r t h  s t a g e  i n f l a t i o n  a  l o n g i t u d -  

i n a l  t e a r  i n  t h e  r i g h t h a n d  s e c t i o n  o f  t h e  wing was obse rved .  

The g l r d i n g  p o r t i o n  o f  t h e  f l i g h t  was normal ,  w i t h  t h e  pa ra -  

wing-vehic le  sys tem s t a b l e  t h roughou t  t h e  f l i g h t .  The sys tem made 

a  c o n s t a n t  t u r n  t o  t h e  l e f t  a t  a r a t e  o f  app rox ima te ly  6 .7  d e g r e e s  

p e r  second.  Average MSL r a t e - o f - d e s c e n t  measured was 13 .67  f p s ,  

and ave rage  l i f t - t o - d r a g  r a t i o  was 2.75 d u r i n g  t h e  g l i d i n g  p o r t i o n  

of  t h e  f l i g h t ,  a s  de t e rmined  from ASKANIA d a t a .  A t  touchdown t h e  

v e h i c l e  impacted on a  small h i l l .  The v e h i c l e  t i p p e d  o v e r ,  l a n d i n g  

on i t s  back r a t h e r  t h a n  on t h e  l a n d i n g  s k i d s ,  c a u s i n g  some minor 

Jamage t o  t h e  v e h i c l e  a f t  c a n  assembly.  

P o s t  test  l ibspec t ion  of  t h e  parawing r e v e a l e d  t h a t  t h e  s i g -  

n i f i c a n t  canopy damage i n c u r r e d  by t h e  wing i n  t h i s  t e s t  c o n s i s t e d  

of  t h e  f o l l o w i n g :  

a .  Seven s m a l l  bu rn  o r  a b r a s i o n  h o l e s  i n  t h e  r i g h t  hand s i d e  

o f  t h e  con tou red  nose o f  t h e  wing,  r a n g i n g  i n  s i z e  from 

1/8- inch t o  1-1/4-inches i n  d i a m e t e r .  A l so  p r e s e n t  was 

a  small s c u f f e d  s p c t  i n  t h e  v i c i n i t y  o f  two o f  t h e  h o l e s .  

b .  A 20-inch l o n g  t e a r  i n  t h e  canopy f a k ~ r i c  i n  t h e  r i g h t  

s e c t i o n  o f  t h e  wing. The t e a r  was l o c a t e d  inboa rd  ap- [ 
prox ima te ly  o n e - t h i r d  t h e  d i s t a n c e  from t h e  l e a d i n g  edge 

to  t h e  k e e l ,  and ex tended  r ea rward  from t h e  R4-1/2 t o  

RK9 l a t e r a l  t a p e  t o  w i t h i n  3/8-inch of  t h e  n e x t  l a t e r a l  ; 

, 
seam (un taped )  . 

I 



c. Severe sen3 strain damage in the right section of the 

wing adja~nnt to the reinforcement gussets at keel line 

attachment locations R K 2  and R K 3 ,  and minor seam strain 

damage tq the wing adjacent to the reinforcement gussets 4 
at keel-line-attachment locations RK7 and R K 8 .  1 

t 

Figure 95 shcws the major parawing canopy damage which occurred 

in this test. 

A post test failure analysis concluded that the burn/abrasion 

damage in the nose area occurre3 during deployment and was caused f 
by friction resulting from contact of the nose area canopy fabric 1 
with the nose snubber lines or the leading edge skirt band. Simi- 

lar, but more extensive, damage of this type had been incurred by 

che wing in Test 2022'. It is perhaps significant to note that the 

canopy damage in the nose area of the wing apparently had a small 
or even negligible effect on L/D during steady glide in this test, 

but appeared to have had a significant effect on L/D performance 

of the wing in Test 202T. 

Recommended corrective action to minimize or eliminate the 

nose area Ci3?opy damage was: (1) encasement of the five nylon 

nose snubber lines in cotton sateen sleeves, and ( 2 )  separate 

reefing of the nose area of the wing, with disreef occurring at 

third stage disreef, 12 seconds after line stretch and simultaneous 

with disreef of the trailing edges of the wing. 

The failure analysis concluded that the 20-inch long tear was 

the result of initial, localized abrasion damage. A small scuff 

mark adjacent to the tear supported this conclusion. Finally, the 

failure analysis concluded that the seam strains adjacent to the 

four keel line attachments were the result of marginal canopy 

strength in the direction of the load path during third-stage- 

reefing-inflation peak loading. From the locations of the seam 

strains one could surmise that the lateral tapes in these locations 

are oriented at an angle forward of the load paths during pezk 

reefed loading. No separate corrective action was recommended for 



t k - i s  problem, s i n c e  t h e  a d d i t i o n  o f  t h e  s e p a r a t e  nose r e e f i n g  was 

expec ted  t o  r educe  t h e  magni tude of t h e  t h i r d  s t a g e  r e e f e d  l o a d .  

The c o r r e c t i v e  a c t i o n s  c i t e d  were implemented on a phase - in  

b a s i s  d u r i n g  t h e  remainder  o f  t h e  test program. Encasement of t h e  

nylon snubber  l i n e s  i n  c o t t o n  s a t e e n  s l e e v e s  was f i r s t  accompl i shed  

on t h e  wing f o r  T e s t  208T and was t h e r e a f t e r  i n c o r p o r a t e d  on  t h e  

wings used i n  a l l  subsequen t  d r o p  tests .  The s e p a r a t e  nose  r e e f i n g  

was accomplished on t h e  wing f o r  T e s t  207T, and t h e r e a f t e r  i n c o r -  

p o r a t e d  on t h e  wings used  i n  a l l  subsequen t  d r o p  ~ e s t s .  

T e s t  20 3T 

The o b j e c t i v e  o f  T e s t  203T was t o  o b t a i n  d e s i g n  and s c a l i n g  

d a t a  f o r  a f u l l - s c a l e  parawing sys tem by means of  s c a l e d  test  con- 

d i t i o n s  s i m u l a t i n g  a 15,000 pound pa rawing-veh ic l e  sys tem deployed  

a t  a dynamic p r e s s u r e  of  100 psf  and a n  a l t i t u d e  o f  14,000 f t .  

(The o r i g i n a l l y  p l anned  deployment a l t i t u d e  was 18,000 f t .  How- 

e v e r ,  maximum launch  a l t i t u d e  f o r  t h e  C-119 used i n  t h i s  tes t  was 

20,000 f t .  To o b t a i n  a n e a r  v e r t i c a l  f l i g h t  p a t h  a t  parawing de- 

ployment,  i t  was n e c e s s a r y  t o  lower  t h e  deployment a l t i t u d e  f rom 

18,000 f t  t o  14,000 f t . )  Planned parawing deployment c o n d i t i o n s  

f o r  t h i s  t e s t  were i d e n t i c a l  w i t h  t h o s e  f o r  T e s t  202T. A V e r s i o n  

N o .  I wing was used i n  t h i s  test .  

Launch of t h e  3805 pound (WD) bomb t e s t  v e h i c l e  from t h e  C-119 

a i r c r a f t ,  deployment o f  t h e  programmer p a r a c h u t e  and sys tem opera-  

t i o n  th rough programmer p a r a c h u t e  d i s c o n : ~ e c t  were normal.  Follow- 

i n g  programmer p a r a c h u t e  d i s c o n n e c t  a p i l o t  p a r a c h u t e  was dep loyed ,  

which i n  t u r n  deployed  t h e  parawing. A t  t h e  t i m e  of  parawing l i n e  

s t r e t c h  t h e  dynamic p r e s s u r e  was 6 4  p s f  , compared w i t h  63.3 p s f  

planned.  A l t i t u d e  a t  l i n e  s t r e t c h  was 14,568 f t ,  compared w i t h  

14,000 i t  p lanned .  

F i r s t  s t a g e  r e e f e d  i n f l a t i o n  was r a p i d  and p o s i t i v e .  A f t e r  

f i r s t  s t a g e  r e e f e d  i n f l a t i o n  t h e  bomb v e h i c l e  deve loped  a s p i n n i n g  

.?d con ing  t y p e  of o s c i l l a t i o n .  Fol lowing  d i s r e e f  t o  t h e  second 
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r e e f e d  s t a g e ,  t h e  canopy c l o t h  i n  t h e  r i g h t  l obe  o f  t h e  wing f a i l e d  

a d j a c e n t  t o  t h e  s e m i - c i r c u l a r  r e i n f o r c i n g  g u s s e t  a t  t h e  R3 suspen-  

s i o n - l i n e - a t t a c h m e n t  l o c a t i o n .  The t e a r  p r o g r e s s e d  from i t s  incep -  

t i o n  p o i n t  n e a r  t h e  l e a d i n g  edge  a t  R3, i n  a  l i n e  p a r a l l e l  t o  and 

approx ima te ly  6 i n c h e s  a f t  o f  t h e  l a t e r a l  t a p e  between R3 and RK6, 

t o  t h e  k e e l  a t  t h e  c i r c u l a r  r e i n f o r c i n g  g u s s e t  a t  t h e  RK6 l i n e  

l o c a t i o n ,  The t e a r  t h e n  p r o g r e s s e d  around t h e  g u s s e t  a t  RK6 and 

a f t  t o  t h e  g u s s e t  3t  RK7, p a r t i a l l y  t e a r i n g  th rough  t h e  RK7 g u s s e t  

b e f o r e  s t o p p i n g .  A l so ,  t h e  tear p r o g r e s s e d  from i t s  i n c e p t i o n  

p o i n t  a t  L3, a f t  a l o n g  t h e  l e a d i n g  edge  t o  t h e  s e m i - c i r c u l a r -  

r e i n f o r c i n g  g u s s e t  a t  t h e  R3-1/2 r e e f i n , . .  r i n g  p o s i t i o n ,  p a r t i a l l y  

t e a r i n g  t h e  g u s s e t  b e f c r e  s t o p p i n g .  Fol lowing  t h i s  p a n e l  f a i l u r e ,  

t h e  r i g h t h a n d  lobe  c o l l a p s e d .  A t  d i s r e e f  t o  t h i r d  s t a g e  t h e  dy- 

namic p r e s s u r e  was 6 . 9  p s f ,  compared w i t h  4 .3  p s f  p l anned ,  due  t o  

t h e  reduced  d r a g  a r e a  a s  a  r e s u l t  o f  t h e  damage t o  t h e  r i g h t  l o b e .  

Subsequent  deployment s t a g e s  were n e a r l y  normal ,  w i t h  t h e  damaged 

r i g h t  hand l ~ , , e  r e i n f l a t i n g  i n  t h i r d  s t a g e  and remain ing  i n f l a t e d  

i n  t h e  t r a n s i t i o n  t o  g l i d i n g  f l i g h t .  

The  g l i d i n g  p o r t i o n  of  f l i g h t  appeared  normal ,  w i t h  t h e  pa ra -  

winq-vehic le  sys tem s t a b l e  t h roughou t  t h e  f l i g h t .  The sys tem made 

a c o n s t a n t  t u r n  t o  t h e  l e f t  a t  t h e  r a t e  of  4 .2  d e g r e e s  p e r  second .  

During t h i s  p o r t i o n  o f  t h e  f l i g h t  t h e  a v e r a g e  MSL r a t e - o f - d e s c e n t  

was 14.95 f p s ,  and t h e  a v e r a g e  l i f t - t o - d r a g  r a t i o  was 1 . 8 3 ,  a s  

de te rmined  f rorn ASKANIA ",.La. 

P o s t  t e s t  i n s p e c t i o n  o f  t h e  parawing t e s t  specimen i d e n t i f i e d  

t h e  f o l l o w i n g  a d d i t i o n a l  canopy damage, above and beyond t h e  t o r n  

p a n e l  p r e v i o u s l y  d e s c r i b e d :  

a .  A t e a r  i n  t h e  s e m i - c i r c u l a r  r e i n f o r c i n g  g u s s e t  a t  t h e  

R3 l i n e  a t t a c h m e n t  l o c a t i o n ,  app rox ima te ly  8  i n c h e s  from 

t h e  l e a d i n g  edge ,  a l o n g  one o f  t h e  g u s s e t  r e i n f o r c i n g  

t a p e s .  



b. The s e m i - c i r c u l a r  r e i n f o r c i n g  g u s s e c  a t  t h e  R4 l i n e  

a t t achmen t  l o c a t i o n  t o r n  from t h e  l e a d i n g  edge  s k i r t  

band f o r  a  d i s t a n c e  o f  app rox ima te ly  8  i n c h e s  and  t o r n  

from t h e  l a t e r a l  r e i n f o r c e m e n t  t a p e  app rox ima te ly  8 

i n c h e s ,  p l u s  app rox ima te ly  6 i n c h e s  o f  seam s t r a i n  i n  
t h e  p e r i p k e r a l  s t i t c h  p a t t e r n  o f  t h e  g u s s e t .  

c .  F i v e  small tears, r a n g i n g  i n  l e n g t h  from 1/4 i n c h  t o  

1-1/2 i n c h e s  and a n  ad ;acent  9 i n c h  l o n g  bu rn  a r e a  i n  

t h e  ceriter s e c t i o n  o f  t h e  wing,  j u s t  a f t  of t h e  l a t e r a l  

t a p e  between t h e  LK5 and R K 5  and  approx ima te ly  midway 

between t h e  t w o  k e e l  l i n e  l o c a t i o n s .  

F igu re  96 shows t h e  major canopy damage s u s t a i n e d  by t h e  wing i n  

t h i s  t es t .  

A p o s t  test  f a i l u r e  a n a l y s i s  i n d i c a t e d  t h a t  t h e  c a u s e  of t h e  

f a i l u r e  was i n a d e q u a t e  s t r e n g t h  a t  l e a d i n g  edge  number 3 l i n e  a t -  

tachments and a t  t h e  r e e f i n g  r i n g  a t t achmen t s  between l e a d i n g  edge  

l i r - e s  3 and 4 .  The s t r e n g t h  inadequacy was due  t o  l o a d  p a t h s  i n  

t h e  f i r s t  and second s t a g e  r e e f e d  s t a g e s  t h a t  a r e  d i r e c t e d  rear- 

ward of t h e  e x i s t i n g  l a t e r a l  t a p e s  between t h e  l e a d i n g  edge  and 

t h e  k e e l ,  toward t h e  c e n t e r  o f  p r e s s u r e  of  each  o u t e r  l obe .  

Recommended c o r r e c t i v e  a c t i o n  was f u r t h e r  r e i n f o r c e m e n t  o f  

a l l  l e a d i n g  edge g u s s e t  r e i n f o r c e m e n t s ,  euce? t  t h o s e  a t  l e a d i n g  

edge l i n e  number 1 and t h o s e  a f t  of l e a d i n g  edge  l i n e  number 4 .  

The f g r t h e r  r z in fo rce lnen t  sugges t ed  was l a r g e r  diameter g u s s e t s  

of  s t r o n g e r  c l o t h ,  z r  t h e  a d d i t i o n  of  d i a g o n a l  t a p e s  r a d i a t i n g  

rearward  from t h e  i n t e r s e c t i o n  o f  t h e  l a t e r a l  t a p e s  w i t h  t h e  

l e a d i n g  edge s k i r t  band. 

T e s t  298T 

The o b j e c t i v e  of  T e s t  208T was t o  q u a l i f y  t h e  Ver s ion  N o .  I1 

wing d e s i g n  f o r  f l i g h t s  w i t h  a 4000 pound d e s c e n t  we igh t  c o n t r o l -  

l a b l e  t e s t  v e h i c l e .  



Launch o f  t h e  5024 pound (WD) b ~ m b  t e s t  v e h i c l e  and deploy-  

ment of  t h e  two programmer p a r a c h u t e s  were a s  p l anned ,  e x c e p t  f o r  

a  momentary hangup of t h e  programmer p a r a c h u t e  packs a g a i n s t  t h e  

i n s i d e  of t h e  v e h i c l e  a f t  can .  Fol lowing  d i s c o n n e c t  of  t h e  pro-  

grammer p a r a c h u t e ,  two p i l o t  p a r a c h u t e s  were deployed .  The p i l o t  

c h u t e s  i n  t u r n  deployed  t h e  parawing from i t s  deployment bag. 

Dynamic p r e s s u r e  a t  t h e  t i m e  of  parawing l i n e  s t r e t c h  was 27.5 p s f ,  

compared w i t h  36 ps f  p lanned .  A l t i t u d e  a t  l i n e  s t r e t c h  was 18,882 

f t ,  compared w i t h  18,000 f t  p lanned .  I n  t h e  f i r s t  s t a g e  i n f l a t i o n  

t h e  r i g h t  l o b e  i n f l a t e d  more f u l l y  t h a n  normal ,  w h i l e  t h e  c e n t e r  

and l e f t  l o b e s  f a i l e d  t o  f i l l  t o  t h e i r  normal s i z e .  Due t o  t h i s  

anomaly, t h e  dynamic p r e s s u r e  a t  t h e  t i m e  o f  d i s r e e f  t o  second 

s t a g e  was 21.2 p s f ,  compared w i t h  15 .8  ps f  p lanned .  Upcn d i s r e e f  

t o  second s t a g e  o n l y  t h e  r i g h t  l o b e  d i s r e e f e d ,  t a k i n g  t k -  major 

p o r t i o n  of  t h e  second s t a g e  load .  D i s r e e f  o f  t h e  l e f t  l o b e  was 

de l ayed  u n t i l  d i s r e e f  t o  t h i r d  s t a g e .  A s  t h e  r i g h t  l o b e  approached  

second s t a g e  f u l l  i n f l a t i o n  t h e  canopy c l o t h  i n  t h e  l o b e  f a i l e d .  

The t e a r  o r i g i n a t e d  n e a r  t h e  R 3  l i n e  a t t a c h m e n t  l o c a t i o n  and qu ick -  

l y  propaga ted  inboa rd  t o  t h e  k e e l  and a f t  a l o n g  bo th  t h e  k e e l  and  

t h e  l e a d i n g  edge  t o  t h e  R4-1/2 t o  RK9 l a t e r a l  t a p e ,  r e s u l t i n g  i n  

t h e  l o s s  of t h r e e  p a n e l s  i n  t h e  r i g h t  l o b e  o f  t h e  wing. 

A t  second s t a g e  d i s r e e f  t h e  dynamic p r e s s u r e  was 12  p s f ,  

compared w i t h  8 .4  p s f  planned.  T h i s  h i g h e r  t h a n  p l anned  dynamic 

p r e s s u r e  was due b o t h  t o  t h e  damage i n  t h e  r i g h t  l o b e  and t h e  f a i l -  

u r e  of t h e  l e f t  l obe  t o  d i s r e e f .  A t  second s t a g e  d i s r e e f  t h e  ten- 

ter l o b e  d i s r e e f e d ,  fo l lowed  immediately  by d i s r e e f i n g  o f  t h e  l e f t  

l o b e .  A l l  s ubsequen t  s t a g e s  o f  t h e  deployment were normal.  

I n  t h e  g l i d i n g  p o r t i o n  o f  t h e  f l i g h t  t h e  wing descended i n  a 

t i g h t  s p i r a l  t u r n  a t  t h e  r a t e  o f  58 d e g r e e s  p e r  second  and a t  a n  

ave rage  r a t e - o f - d e s c e n t  of  45 f p s .  A t  a n  a l t i t u d e  of  1300 f t  t h e  

t u r n  and d e s c e n t  r a t e s  of  t h e  sys tem d e c r e a s e d  t o  17  d e g r e e s  p e r  

second and 25 f p s ,  r e s p e c t i v e l y .  The a v e r a g e  l i f t - t o - d r a g  r a t i o  



i of t h e  wing f o r  t h e  f i n a l  1300 f t  o f  d e s c e n t  was app rox ima te ly  

1 . 2 ,  a s  de te rmined  from ASKANIA d a t a .  No damage was i n c u r r e d  by 

t h e  t e s t  v e h i c l e  a t  impact .  

A p o s t  test  i n s p e c t i o n  o f  t h e  parawing r e v e a l e d  t h e  f o l l o w i n g  

damage t o  t h e  canopy: 

a .  A tear i n  t h e  r i g h t  l o b e  beg inn ing  a t  t h e  l e a d i n g  edge  

a t  t h e  R3 l i n e  a t t a c h m e n t  l o c a t i o n ,  p r o p a g a t i n g  a l o n g  

and j u s t  a f t  of  t h e  R3 t o  RK6 l a t e r a l  t a p e  t o  t h e  k e e l ,  

a l o n g  t h e  k e e l  from RK6 t o  4K7, s t o p p i n g  a t  t h e  ~ 3 - 1 / 2  

t o  RK7 l a t e r a l  t a p e  n e a r  i t s  j u n c t u r e  w i t h  t h e  2K7 l i n e  

a t t a c h m e n t  c i r c u l a r  g u s s e t .  The tear a l s o  p ropaga ted  

from i t s  i n c e p t i o n  p o i n t  a t  R3, a f t  a l o n g  t h e  l e a d i n g  

edge  t o  34,  t h e n  inboa rd  a l o n g  and j u s t  fo rward  o f  t h e  

R4-RK8 l a t e r a l  t a p e  t o  t h e  k e e l ,  s t o p p i n g  a t  t h e  RK8 

l i n e  a t t a c h m e n t  c i r c u l a r  g u s s e t .  

b .  A t e a r  i n  t h e  r i g h t  l o b e  beg inn ing  a t  t h e  R4 l i n e  a t t a c h -  

ment l o c a t i o n ,  p r o p a g a t i n g  i n b o a r d  a l o n g  and j u s t  a f t  of  

t h e  R4 t o  RIi8 l a t e r a l  t a p e ,  and t h e n  a l o n g  t h e  k e e l  and 

t h e  l e a d i n g  edge t o  t h e  ?4-1/2 t o  XK9 l a t e r a l  t a p e .  

c .  S e v e r a l  bu rn  h o l e s  and burned o r  ab raded  a r e a s  i n  t h e  

nose  a r e a ,  c e n t e r  and r i g h t  s e c t i o n s  o f  t h e  wing. 

The c o t t o n  s a t e e n  s l e e v e  c o v e r i n g  one end l o o p  on t h e  

f i r s t  s t a g e  r e e f i n g  l i n e  was m i s s i n g  e n t i r e l y ,  and t h e  

t a c k  t i e s  on t h e  s l e e v e  c o v e r i n g  t h e  o t h e r  end  l o o p  were 

broken ,  w i t h  t h e  s l e e v e  i t s e l f  jammed t o g e t h e r  a t  t h e  

end of t h e  l oop .  Th i s  c o n d i t i o n  s t r o n g l y  s u g g e s t e d  t h a t  

t h e  c o t t o n  s a t e e n  s l e e v e  on t h e  l e f t  l o b e  f i r s t - s t a g e -  

r e e f i n g - l i n e  end l o o p  had been t h e  c a u s e  o f  t h e  f i r s t -  

s t a g e - r e e f i n g - l i n e  hangup, and t h e  r e s u l t i n g  f a i l u r e  of 

t h e  l e f t  l o b e  t o  d i s r e e f  a t  t h e  p r o p e r  t i m e  i n  t h e  de- 

ployment sequence .  



e.  A 6- inch t e a r  on t h e  t h i r d - s t a g e - r e e f i n g - c u t t e r  p o c k e t  

l o c a t e d  a t  RK12, ex t end ing  from t h e  c u t t e r  f l a p  down- 

ward a long  t h e  s i d e  o f  t h e  pocke t .  The r e e f i n g  c u t t e r  

had been los t  from t h e  pocke t  i n  t e s t .  

F i g u r e  9 7  i d e n t i f i e s  t h e  major  canopy damage i n c u r r e d  by t h e  wing 

i n  t h i s  t e s t .  

A p o s t  t e s t  f a i l u r e  a n a l y s i s  a t t r i b u t e d  f a i l u r e  of  t h e  pa ra -  

wing t o  t h e  f o l l o w i n g  c o n t r i b u t o r y  f a c t o r s :  

a .  Excess ive  d y n a r ~ i c  p r e s s u r e  a t  f i r s t  s t a g e  d i s r e e f ,  due 

t o  incomple t e  i n f l a t i o n  of  t h e  l e f t  and c e n t e r  l o b e s  o f  

t h e  wing. 

b. Excess ive  r a t e  o f  f i r s t  s t a g e  d i s r e e f  o f  t h e  r i g h t  l o b e ,  

due t o  higher- than-normal  v e h i c l e  v e l o c i t y  and  h i g h  s k i r t  

t e n s i o n  caused  by r i g h t  l o b e  o v e r i n f l a t i o n .  

c. Over loading  o f  t h e  r i g h t  l o b e  i n  second s t a g e  i n f l a t i o n ,  

due t o  d e l a y  of t h e  l e f t  l o b e  d i s r e e f  f u n c t i o n  and  re- 

s u l t a n t  l o s s  o f  l o a d  s h a r i n g  between l e f t  and r i g h t  l o b e s .  

Based on t h e  f i n d i n g s  of  t h e  f a i l u r e  a n a l y s i s ,  t h e  f o l l o w i n g  

c o r r e c t i v e  a c t i o n s  were proposed:  

a .  Reduct ion t o  minimum s i z e  of t lre f i r s t  s t a g e  r e e f i n g  

l i n e  connec to r  l o o p ,  w i t h  t n e  ioop t h r e a d e d  th rough  t h e  

R6 and L6 r e e f i n g  r i n g s .  Th i s  a r rangement  would p r e v e n t  

l a t e r a i  s h i f t i n g  o f  t h e  l o o p ,  t hus  i n s u r i n g  a n  e q u a l  

mouth c i r cumfe rence  f o r  each  o f t h e  o u t e r  l o b e s .  

b. Removal of t h e  c o t t o n  s a t e e n  s i e e v e s  on t h e  f i r s t - s t a g e -  

r e e f i n g - l i n e  end l o o p s ,  and  r ep l acemen t  w i t h  a t e f l o n  

m a t e r i a l  a p p l i e d  t o  t h e  end l o o p s  by d i p p i n g .  T h i s  

change would r educe  t h e  p o s s i b i l i t y  of a  lockup  o f  t h e  

end loops  i n  t h e  r e e f i n g  r i n g s .  



c. Addition of five leading edge lines at the five loca- 

tions where lateral seams terminate at reefing rings 

only, with the opposite ends terminating at existing 

keel lines. The added lines would redistribute the 

loading along the skirt and reduce the unit load at L3 

and R3 following disreef to second stage. 

d. Reinforcement of the local failure inception points at i 
1 

L3 and R3. I 

i 

As a result of the twin keel parawing structural and opera- 

tional failures encountered in Tests 203T and 208T, all remaining 

planned parawing tests were stopped, pending a thorough review 
i 
I 

and analysis of the problems encountered in these tests, and im- 1 
t 

plementation of selected modifications to the parawing test speci- i 
mens. As a result of this review and analysis a decision was made 1 
to incorporate the folloiring modifications on the twin keel para- 

wing specimens: 
I 
1 

a. Improved first stage reefing system to eliminate non- 

symmetrical inflation o; the individual lobes and to 

eliminate possible first stage reefing line hangups. 

b. Addition of ten leading edge lines (five on each leading 

edge) at the midpositions between the existing lines 

from L1 to L6 and R1 to R6. 

c. Reinforcement of the leading-edge-line attachment struc- t j 

ture for certain highly loaded leading edge lines. 

d. Addition of separate nose reefing as a part of the third 

stage reefing system, with disreef of the nose reefing 

concurrent with disreef of the trailing edges of the 

wing. : 5 

e. Addition of a network of ripstop tapes on the wing j 

canopy to limit propagation of tears in the canopy cloth. I 
I 



I n  o r d e r  t o  resume t e s t i n g  o f  t h e  parawings a t  t h e  e a r l i e s t  

p o s s i b l e  t i m e ,  t h e  above m o d i f i c a t i o n s  were implemented i n  t w o  

s t e p s .  One wing, t h e  S e r i a l  No. 1 twin  k e e l  parawing,  was pro-  

v ided  w i t h  m o d i f i c a t i o n s  ( a )  th rough (d l  above,  p l u s  a minimum 

r i p s t o p  t a p e  network,  c o n s i s t i n g  o f  f o u r  l o n g i t u d i n a l  t a p e s  on  

each  of  t h e  two o u t e r  l o b e s .  Th i s  wing,  t h e  Ver s ion  No. I11 twin  

k e e l  wing, was flown i n  T e s t s  207T, 250T and 251T. Two wings ,  t h e  

S e r i a l  Nos. 2 and 4 twin  k e e l  p a r w i n g s ,  were p rov ided  w i t h  modi- 

f i c a t i o n s  ( a )  th rough (e)  aSove, where t h e  r i p s t o p  t a p e  mod i f i ca -  

t i o n  c o n s i s t e d  o f  a comple te  m a t r i x  of  t a p e s  o v e r  t h e  e n t i r e  win9 

canopy. The S e r i a l  N o .  4 wing i n  t h e  Verb-on N o .  V was flown i n  

T e s t s  209T and 211T. The S e r i a l  N o .  2 wing i n  t h e  Ver s ion  No. I V  

w a s  f lown i n  T e s t  252T. 

T e s t  207T 

The o b j e c t i v e  of  T e s t  207T was t o  q u a l i f y  t h e  Ver s ion  N o .  I11 

wing d e s i g n  f o r  f l i g h t s  w i t h  a 4000 pound d e s c e n t  we igh t  c o n t r o l -  

l a b l e  v e h i c l e .  T e s t  207T was a r e p e a t  of T e s t  208T, w i t h  a V e r -  

s i o n  No. I11 wing i n  p l a c e  o f  t h e  Ver s ion  No. I1 wing which had 

s u s t a i n e d  major canopy s t r u c t u r a l  damage i n  T e s t  208T. 

Launch o f  t h e  4994 pound (ND) bomb t e s t  v e h i c l e  and  deployment 

of t h e  p r o g r a m e r  p a r a c h u t e  were as p lanned .  Fol lowing  d i s c o n n e c t  

of t h e  programmer p a r a c h u t e ,  t w o  p i l o t  p a r a c h u t e s  were dep loyed  

which i n  t u r n  deployed t h e  parawing.  E x t r a c t i o n  and s t r e t c h o u t  o f  

t h e  parawing from i t s  deployment bag were normal.  A t  t h e  t i m e  of 

parawing l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was 37.1 p s f ,  compared 

w i t h  36 ps f  p lanned .  A l t i t u d e  a t  l i n e  s t r e t c h  was 14,840 f t ,  com- 

pared  w i t h  18,000 f t  p lanned .  (Weather c o n d i t i o n s  a t  t h e  test  

s i t e ,  i n  t h e  form o f  h i g h  a l t i t u d e  c loud  c o v e r ,  n e c e s s i t a t e d  a 

l a s t  minute  r e d u c t i o n  i n  t h e  l aunch  a l t i t u d e  from t h e  p l anned  

22,500 f t ,  t o  ~ 0 , 0 0 0  f t ,  w i t h  t h e  consequen t  r e d u c t i o n  i n  parawing 

deployment a l t i t u d e . )  



A l l  s t a g e s  o f  pa rawing  dep loyment  were n o r m a l .  T h i s  was t h e  

f i r s t  t e s t  o f  t h e  pa rawing  w i t h  s e p a r a t e  n o s e  r e e f i n g ,  a n d  i t  p e r -  

formed a s  p l a n n e d .  F o l l o w i n g  t h e  l i n e  t r a n s f e r  e v e n t  t h e  wing d i d  

n o t  p r o c e e d  t o  a s t e a d y - s t a t e  g l i d e .  The g l i d i n g   ort ti on o f  t h e  

f l i g h t  was c h a r a c t e r i z e d  by a c y c l i c  f o l d i n g  i n  o f  t h e  wing t i p s ,  

t o g e t h e r  w i t h  a t u c k i n g  back  a n d  t o  o n e  s i d e  of t h e  p a r a w i n g  n o s e ,  

f o l l o w e d  by r e i n f l a t i o n  o f  t h e  t i p s  and  n o s e .  S u b s e q u e n t  i n v e s t i -  

g a t i o n ,  p l u s  a  s m a l l - s c a l e  p a r a w i n g  a e r i a l  t e s t  c o n d u c t e d  a t  LRC,  

c o n f i r m e d  t h a t  t h i s  abnormal  g l i d i n g  b e h a v i o r  was d u e  t o  t h e  

l o n g e r - t h a n - n o r m a l  t i p  l i n e  l e n g t h s  t h a t  had  been  r i g g e d  f o r  t h i s  

test .  The a v e r a g e  MSL r a t e - o f - d e s c e n t  d u r i n q  t h e  g l i d i n g  p o r t i o n  

o f  f l i g h t  was 19.44 f p s ,  a n d  t h e  a v e r a g e  l i f t - t o - d r a g  r a t i o  f o r  . 
t h e  f l i g h t  w a s  2 .32 ,  a s  d e t e r m i n e d  f rom ASKANIA d a t a .  

P o s t  t e s t  i n s p e c t i o n  o f  t h e  p a r a w i n g  i d e n t i f i e d  o n l y  minor  

damage, c o n s i s t i n g  o f  two 1 - i n c h  long t e a r s  i n  t h e  r i g h t h a n d  n o s e  

s e c t i o n  o f  t h e  wing ,  a d j a c e n t  t o  t h e  R K 1  l i n e  a t t a c h m e n t  r e i n f o r c e -  

ment g u s s e t .  

One anomaly i n  t h i s  t e s t  was a l o o s e  c o n n e c t i o n  i n  o n e  o f  t h e  

s i x ,  i n d i v i d u a l - s u s p e n s i o n - l i n e  l o a d  l i n k s .  The l o o s e  c o n n e c t i o n  

f e d  n o i s e  i n t o  t h e  T!l s i g n a l s  f o r  a l l  t h e  l o a d s - i n s t r u m e n t e d  s u s -  

p e n s i o n  l i n e s .  Because  o f  t h i s  n o i s e  some peak  l i n e  l o a d s  were 

l o s t ,  and  t h e  v a l i d i t y  o f  t h e  o t h e r s  i s  s u s n e c t .  

T e s t  250T 

The o b j e c t i v e  o f  T e s t  250T was t o  o b t a i n  g l i d i n g  f l i g h t  d a t a  

w i t h  a minimum w e i g h t ,  c o n t r o l l a b l e  t e s t  v e h i c l e .  The V e r s i o n  No. 

I11 t w i n  k e e l  p a r a w i n g  w a s  f lown i n  t h i s  t e s t .  

Launch o f  t h e  3444 pound (WD) c o n t r o l l a b l e  t e s t  v e h i c l e  and  

dep loyment  o f  t h e  p r o g r a m e r  p a r a c h u t e  w e r ~  normal .  F o l l o w i n g  

d i s c o n n e c t  o f  t h e  programmer p a r a c h u t e ,  two p i l o t  p a r a c h u t e s  de-  
i 

C p o l y e d  t h e  pa rawing  i n  a  normal  manner .  A t  t h e  t i m e  o f  p a r a w i n g  
mi 
i l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was 23 .9  p s f ,  compared w i t 1 1  21  

p s f  p l a n n e d .  A l t i t u d e  a t  l i n e  s k r e t c h  was 1 9 , 0 1 0  i t ,  compared 



w i t h  18,000 f t  p lanned .  The v e h i c l e  was launched  a t  an  a l t i t u d e  

1000 f t  h i g h e r  t h a n  o r i g i n a l l y  p lanned  t o  e x t e n d  t h e  d u r a t i o n  o f  

parawing g l i d i n g  f l i g h t .  I n  g e n e r a l ,  a l l  of t h e  250 s e r i e s  p a r a -  

wing t e s t s  w i t h  t h e  c o n t r o l l a b l e  v e h i c l e  were launched a t  h i g h e r  

a l t i t u d e s  t h a n  o r i g i n a l l y  p l anned ,  w i t h  r e s u l t i n g  h ighe r - than -  

planned parawing deployment a l t i t u d e s ,  i n  o r d e r  t o  e x t e n d  t h e  du r -  

a t i o n  of  g l i d i n g  f l i g h t  and accompl i sh  more maneuvers w i t h  t h e  

c o n t r o l l a b l e  t e s t  system.  

A l l  t h e  r e e f e d  s t a g e s  i n  t h e  parawing deployment sequence  

were normal.  Fol lowing t h e  l i n e  t r a n s f e r  e v e n t ,  ground c o n t r o l  

of t h e  sys tem was ach ieved  and  a  p r e s c r i b e d  maneuver p l a n  f lown.  

The L/D measured i n  t h i s  t e s t  v a r i e d  from a  maximum of  2.12 t o  a  

minimum of  1.92.  Maximum t u r n  ra te  a c h i e v e d  i n  t h i s  tes t  was 25.9 

d e g r e e s  p e r  second.  

Touchdown of t h e  v e h i c l e  was normal ,  w i t h  t h e  v e h i c l e  coming 

t o  rest  on i t s  s k i d s .  T o t a l  t i m e  o f  t h e  f l i g h t  f r o r  l aunch  was 

20 minu te s ,  1 4  seconds .  

P o s t  t es t  i n s p e c t i o n  of  t h e  parawing r e v e a l e d  no  s i g n i f i c a n t  

damage t o  t h e  canopy, o t h e r  t h a n  a  number o f  s c u f f  marks on t h e  

canopy and one 3/8-inch long  c l o t h  t e a r  i n  t h e  l e f t  l o b e  nose  a r e a ,  

a d j a c e n t  t o  LK1. 

T e s t  251T 

The o b j e c t i v e  of  T e s t  251T was t o  o b t a i n  g l i d i n g  f l i g h t  d a t a  

and t o  de t e rmine  t h e  e f f e c t  of  wing l o a d i n g  on  g l i d i n g  f l i g h t  p e r -  

formance.  The Ver s ion  No. I11 tw in  k e e l  parawing was flown i n  

t h i s  test .  

The 3977 pound ( W D )  c o n t r o l l a b l e  v e h i c l e  was launched from 

t h e  C-119 a i r c r a f t  a t  a n  a l t i t u d e  o f  22,160 f t ,  compared w i t h  

19,350 f t  o r i g i n a l l y  p lanned .  The h i g h e r  launch  a l t i t u d e  was re- 

q u e s t e d  i n  o r d e r  t o  o b t a i n  t h e  maximum amount o f  g l i d i n g  f l i g h t  

t i m e  p o s s i b l e .  Deployment of t h e  programmer p a r a c h u t e  and ope ra -  

t i o n  t o  d i s c o n n e c t  were normal .  Fo l lowing  programmer d i s c o n n e c t ,  
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1 0 . 6 1  seconds  a f t e r  l a u n c h ,  two p i l o t  p a r a c h u t e s  were dep loyed .  

Ilowever, t h e  p i l o t  p a r a c h u t e s  d i d  n o t  immedia te ly  dep loy  thr? 

parawing. For a p e r i o d  of  app rox ima te ly  22 seconds  t h e  t e s t  ve- 

h i c l e  w i t h  t h e  two i n f l a t e d  p i l o t  p a r a c h u t e s  c o n t i n u e d  t o  descend  

i n  a  n e a r  v e r t i c a l  t r a j e c t o r y .  I n  t h i s  t i m e  p e r i o d  t h e  c o n t r o l -  

l a b l e  t e s t  v e h i c l e  r o t a t e d  benea th  t h e  p i l o t  p a r a c h u t e s .  

A t  32.23 seconds  a f t e r  l aunch  t h e  parawing pack was f i n a l l y  

p u l l e d  f r e e  o f  i t s  r e t e n t i o n  sys t em and dep loyed .  A t  parawing 

l i n e  s t r e t c h ,  32.97 seconds  a f t e r  l a u n c h ,  t h e  d y n a n i c  p r e s s u r e  

was 43.3 p s f ,  compared w i t h  24  p s f  p l anned .  A l t i t u d e  a t  l i n e  

s t r e t c h  was 15,970 f t ,  compared w i t h  18,000 f t  p lanned .  
. . . . 
i: A t  33.75 s econds  a f t e r  l aunch  o r  0 .78  s econd  a f t e r  parawing 

I l i n e  s t r e t c h ,  l i n e  t r a n s f e r  o c c u r r e d .  Th i s  e v e n t ,  i n i t i a t e d  by 

an  e l e c t r i c  timer onboard  t h e  t e s t  v e h i c l e ,  was schedu led  t o  o c c u r  
.! . f 
'! 30 seconds  a f t e r  l a u n c h ,  o r  20 seconds  a f t e r  programmer p a r a c h u t e  

d i s c o n n e c t .  Thus,  due  t o  t h e  22-second hangup of  t h e  parawing  

pack,  l i n e  t r a n s f e r  o c c u r r e d  e n t i r e l y  o u t  of s equence ,  d u r i n g  pa ra -  
: wing f i r s t  s t a g e  r e e f e d  i n f l a t i o n .  However, due  t o  t h e  s e v e r e  

suspens ion  l i n e  t w i s t u p ,  t h e  l i n e  t r a n s f e r  e v e n t  d i d  n o t  immedi- 

a t e l y  m a n i f e s t  i t s e l f ,  s i n c e  t h e  t w i s t u p  tended  t o  ho ld  t h e  l i n e s  

a t  t h e  p r e  l i n e - t r a n s f e r  l e n g t h ,  r e l a t i v e  t o  t h e  parawing s k i r t .  

Also ,  t h e  l i n e  t w i s t u p  a p p a r e n t l y  p reven ted  arming of  t h e  r e e f i n g  

c u t t e r s  a t  parawing l i n e  s t r e t c h .  F i r s t  s t a g e  d i s r e e f  o c c u r r e d  

app rox ima te ly  9 seconds  a f t e r  l i n e  s t r e t c h ,  compared w i t h  t h e  

nominal 6 seconds  p lanned .  A t  f i r s t  s t a g e  d i s r e e f ,  t h e  dynamic 

p r e s s u r e  was 25 .8  p s f ,  compared w i t h  1 0 . 8  p s i  p r e d i c t e d .  The 

ex t r eme ly  h i g h  dynamic p r e s s u r e  a t  f i r s t  s t a g e  d i s r e e f  was d u e  t o  

t h e  t w i s t e d  s u s p e n s i o n  l i n e s  which p r e v e n t e d  a normal f i r s t  s t a g e  

parawing r e e f e d  i n f l a t i o n .  

Second s t a g e  d i s r e e f  o c c u r r e d  46.07 seconds  a f t e r  l aunch .  

T h i s  e v e n t  took  p l a c e  a b o u t  4 s econds  l a t e r  t h a n  p l a n n e d ,  r e l a t i v e  

t o  l i n e  s t r e t c h ,  a g a i n  i n d i c a t i n g  a  l a t e  r e e f i n g - c u t t e r - t i m e - d e l a y  



initiation. Based on the dynamic pressure at second stage disreef, 

the parawing drag area in the second reefed stage was about normal. 

Third stage disreef was not distinguishable, due to the pre- 

viously cited anomalies of line twistup and 2arly line transfer. 

At approximately 86 seconds after launch the suspension lines 

had untwisted, but due to rotational inertia of the payload, the 

lines then commenced to wrap up in the opposite direction. At 120 

seconds after launch the suspension lines had achieved a normal 

condition, and at approximately 130 seconds after launch the wing 

was in steady glide. 

At the start of the parawing deployment sequence the forward 

riser, left lateral riser and nos? load transducers all failed. 

Thus, the deployment total loads Jata were not obtained for this 

test. 

From approximately 165 seconds after launch until vehicle 

touchdown at 853 seconds, the system was flown in a prescribed 

maneuver plan by the ground controller. The wing was very stable 

and controllable in gliding flight and achieved a maximum L/D of 

3.32. The maximum turn rate rieasured in this test was 18.2 de- 

grees per second. This was not necessarily the maximum possible 

turn rate of the system, since less than the full tip-control-line 

travel was used to achieve this turn rate. 

Post test inspection of the parawing revealed only superficial 

damage to the canopy. However, some of the suspension lines had 

evidence of burn damage, and many of the suspension-line-stowage 

flutes were badly torn, due to the severe line twistup during 

deployment . 
The post test inspection identified that failure of a cutter 

knife was responsible for the delay in de~loyment of the parawing. 

One of two mechanical cutter knives used to free the parawing pack 

from its retention system had broken in test usage, with the knife 



p o r t i o n  o f  t h e  assembly having  dropped away d u r i n g  t h e  t e s t .  
Subsequent  l a b o r a t o r y  tes ts  r e v e a l e d  t h a t  t h e  k n i f e  assembly a s  a 
des igned  was m a r g i n a l l y  adequa te  f o r  i t s  a p p l i c a t i o n ;  however, 

k n i f e  a s s e m b l i e s  from t h e  l o t  i n  u s e  were found t o  have been h e a t  

; : t r e a t e d  t o  a n  e x c e s s i v e  h a r d n e s s ,  a c o n d i t i o n  which c o n t r i b u t e d  

t o  t h i s  f a i l u r e .  C o r r e c t i v e  a c t i o n  c o n s i s t e d  o f  r e p l a c i n g  t h e s e  h 
mechanica l  k n i f e  a s s e m b l i e s  i n  t h e  sys tem w i t h  h e a v i e r ,  s t r o n g e r  

mechanica l  c u t t e r  k n i f e  a s s e m b l i e s .  
k 
2 

T e s t  209T 

, t 
j; The o b j e c t i v e  o f  T e s t  209T was t o  o b t a i n  d e s i g n  and s c a l i n g  

d a t a  f o r  a f u l l - s c a l e  parawing sys tem by means o f  s c a l e d  tes t  con- 

d i t i o n s  s i m u l a t i n g  a  15,000 pound pa rawing-veh ic l e  sys t em dep loyed  

a t  a  dynamic p r e s s u r e  of 100 p s f  and a n  a l t i t u d e  o f  14,000 f t .  A s  

such ,  t h i s  t e s t  was a  r e p e a t  of  T e s t  203T, w i t h  a Ver s ion  N o .  V 

# parawing i n  p l a c e  o f  t h e  Ver s ion  No. I parawing t h a t  had i n c u r r e d  

major canopy s t r u c t u r a l  damage i n  T e s t  203T. 

Launch of  t h e  3811 pound ( d e s c e n t  w e i g h t )  bomb t e s t  v e h i c l e  

from t h e  C-119 a i r c r a f t  and deployment of  t h e  programmer p a r a c h u t e  
/*3t 

. .v were a s  p lanned .  Fol lowing  programmer p a r a c h u t e  d i s c o n n e c t ,  a  :'I 
; . , p i l o t  p a r a c h u t e  was deployed  which e x t r a c t e d  t h e  parawing from i t s  

:: deployment bag.  A t  parawing l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was . ,I 

.: , . , , 

! 62.5 p s f ,  compared w i t h  6 3 . 3  p s f  p lanned;  a l t i t u d e  was 14,175 f t ,  ..-: , 

. +. compared w i t h  14,000 f t  p lanned .  
:' - . I  
t .  

% .  

- . I  Parawing o p e r a t i o n  th rough  f i r s t  s t a g e  d i s r e e f  was normal .  
,\ ' ?  

i A t  0.36 second a f t e r  f i r s t  s t a g e  d i s r e e f ,  n e a r  t h e  t i m e  o f  second  

s t a g e  peak l o a d ,  t h e  t h i r d - s t a g e ,  t r a i l i n g - e d g e  r e e f i n g  l i n e  
f a i l e d .  The a f t  p o r t i o n s  of  t h e  wing q u i c k l y  i n f l a t e d ,  fc rming  

a n  u n s t a b l e  r e e f e d  c o n f i g u r a t i o n .  Subsequent  r e e f e d  performance 

was e r r a t i c ,  w i t h  t h e  wing t e n d i n g  t o  c o l l a p s e  and  r e i n f l a t e  s ev -  

e r a l  times. Second s t a g e  d i s r e e f  and subsequen t  d i s r e e f  o f  t h e  1 
i nose s e c t i o n  o c c u r r e d  d u r i n g  this p e r i o d  of  e r r a t i c  b e h a v i o r .  
a 

The l i n e  t r a n s f e r  e v e n t  o c c u r r e d  a s  p l anned ,  and  t h e  wing ach ieved  

a  normal,  s t a b l e  g l i d i n g  c o n f i g u r a t i o n .  
, .'* 



The s t eady-g l ide  p o r t i o n  of t h e  f l i g h t  was normal, wi th  t h e  I 
1 

wl?g making a s t eady  t u r n  t o  t h e  r i g h t  a t ' t h e  r a t e  of 5.3 degrees  
I 
i per  second .  Average MSL ra te-of-descent  dur ing  t h e  g l i d i n g  por- ; 
j t i o n  of t h e  f l i g h t  was 11.7 f p s ,  and t h e  average  L/D measured was 

2 .9 ,  a s  determined from ASKANIA d a t a .  
? 

Pos t  test  i n s p e c t i o n  of  t h e  parawing revea led  no s i g n i f i c a n t  t 

i 
damage t o  t h e  wing i n  t h i s  test .  A f a i l u r e  a n a l y s i s  conducted a s  P 

a r e s u l t  of  f a i l u r e  of t h e  t r a i l i n g  edge r e e f i n g  l i n e  determined 1 

t h a t  t h e  cause  of  t h i s  f a i l u r e  was a s h a r p  edge on t h e  t h i r d - s t a g e  i 

r e e f i n g  c u t t e r  a n v i l .  C o r r e c t i v e  a c t i o n  was t o  p rov ide  a generous j 

chamfer on t h e  a n v i l s  of  r e e f i n g  c u t t e r s  used i n  a l l  subsequent  

t e s t s  . 
T e s t  211T 

The o b j e c t i v e  of  T e s t  211T was t o  q u a l i f y  t h e  parawing d e s i g n  . 
1 

f o r  use  wi th  a 6000 pound c o n t r o l l a b l e  v e h i c l e  and to  e s t a b l i s h  f 

parawfng f l i g h t  performance a t  a wing l o a d i r ~ g  of 1 .5  p s f .  A V e r -  1 
s i o n  No. V wing was used i n  t h i s  test .  

I 
Launch of t h e  6009 pound (WD) bomb tes t  v e h i c l e ,  deployment 

of t h e  programmer pa rachu te  and o p e r a t i o n  u n t i l  programmer para-  

chu te  d i sconnec t  were as planned. Following programmer pa rachu te  

d i sconnec t  a p i l o t  pa rachu te  deployed t h e  parawing i n  a nori,lal 

manner. Parawing l i n e  s t r e t c h  occur red  a t  a dynamic p r e s s u r e  of  

49.3 p s f ,  compared w i t h  50 psf  planned;  a l t i t u d e  a t  l i n e  s t r e t c h  

was 18,320 f t ,  compared wi th  18,000 f t  planned. During f i r s t  

s t a g e  r e e f e d  i n f l a t i o n  a h o l e  developed i n  t h e  r i g h t  l o b e  canopy 

c l o t h .  The k . ~ l e ,  measuring approximately 51 inches  by 2 4  i n c h e s ,  

was roughly c e n t e r e d  i n  t h e  lobe  between RK9 and h4-1/2, i u c t  f o r -  

ward of  t h e  l a t e r a l  r e i n f o r c i n g  t a p e  connect ing  t h e  aforementioned 

l i n e  a t tachment  p o s i t i o n s .  The h o l e  caused t h e  r i g h t  lobe  t o  par-  
> 

t i a l l y  c o l l a p s e ,  reducing t h e  f i r s t  s t a g s  d rag  a r e a  t o  about  300 

sq f t  from t h e  normal 350 t o  400 sq  f t  expected  wi th  10 p e r c e n t  
. - kK f i r s t  s t a g e  r e e f i n g .  The dynemic p r e s s u r e  a t  t h e  t i m e  of f i r s t  

). 

s t a g e  d i s r e e f  was 25 p s f ,  compared wi th  17.2 psf planned. 



The second r e e f e d  s t a g e  w a s  normal ,  a l t h o u g h  t h e  peak second 

s t a g e  load  was h i g h e r  t h a n  p i  ~ n e d ,  due  t o  t h e  h i g h  dynamic p r e s -  

s u r e  a t  f i r s t  s t a g e  d i s r e e f .  Fol lowing second s t a g e  d i s r e e f  and  

d u r i n g  t h i r d  s t a g e  i n f l a t i o n ,  s e v e r a l  tears appea red  i n  t h e  nose  

a r e a  o f  t h e  l e f t  l o b e ,  i n  t h e  p a n e l  bounded by L1- l j2 ,  L3, LK3 

and LK4. The tears ex tended  from t h e  l e a d i n g  edge  t o  a b o u t  t h e  

c e n t e r  o f  t h e  a forement ioned  p a n e l .  The remainder  o f  t h e  deploy-  

ment p r o c e s s  was normal,  e x c e p t  t h a t  t h e  d u r a t i o n  o f  t h e  f o u r t h  

r e e f e d  s t a g e  was somewhat a b b r e v i a t e d  a t  3.67 seconds ,  compared 

wi th  5.0 seconds  p lanned ,  due  to  c u m u l a t i v e  r e e f i n g  c u t t e r  and  

l i n e  t r a n s f e r  t i m e  d e l a y  t o l e r a n c e s .  

The g l i d i n g  p o r t i o n  o f  t h e  f l i g h t  w a s  normal ,  w i t h  t h e  wing 

making a s t e a d y  r i g h t  t u r n  a t  app rox ima te ly  10 d e g r e e s  p e r  second.  

Average MSL a t e -o f -descen t  d u r i n g  t h e  g l i d i n g  p o r t i o n  o f  t h e  

f l i g h t  was 18.1 f p s ,  and t h e  a v e r a g e  L/D n e a s u r e d  w a s  1 .9 ,  a s  

determined from ASKXJIA d a t a .  A t  touchdown t h e  v e h i c l e  impacted 

i n  rocky t e r r a i n  and f e l l  o v e r  on i t s  back.  The v e h i c l e  r e c e i v e d  

some damage a t  l and ing ;  t h e  a f t  can  w a s  b e n t  i n  on one  s i d e ,  and  

a me ta l  s k i n  pane l  j u s t  a f t  o f  t h e  h e m i s p h e r i c a l  nose  w a s  r u p t u r e d .  

P o s t  t e s t  i n s p e c t i o n  o f  t h e  parawing i d e n t i f i e d  t h a t  i n  a d d i -  

t i o n  t o  t h e  p r e v i c ~ ~ s l y  d e s c r i b e d  canopy damage, there w e r e  s e v e r a l  

s m a l l  Aio les ,  r ang ing  i n  s i z e  from 1/4- inch t o  1-1/2-inches i n  d i -  

a n e t e r ,  i n  t h e  wing canopy c l o t h .  These h o l e s  were main ly  i n  t h e  

c e n t r a l  ( o r  h i g h  p r e s s u r e )  a r e a s  o f  a l l  t h r e e  l o b e s  o f  t h e  wing. 

F igu re  98 i d e n t i f i e s  t h e  major canopy damage s u s t a i n e d  by t h e  wing 
4 .. & L a  A,, ~ u i s  t e s t .  

A f a i l u r e  a n a l y s i s  was c a r r i e d  o u t  o f  t h e  canopy damage i n -  

c u r r e d  by t h e  parawing i n  t h i s  test .  I t  w a s  conc luded  from t h e  

a n a l y s i s  t h a t  t h e  l a r g e  h o l e  i n  t h e  r i g h t  hand lobe of thc wing 

(and a l s o  tile ssvercll s z a l l  hsles i r 7  ki le  c e n t r a l  p o r t i o n s  o f  each  

l o b e )  were t h e  r e s u l t  o f  t ape-on-c lo th  or cloth-en-clot11 a b r a s i o n  

which o c c u r r e d  d u r i n g  i n i t i a l  deployment o f  t h e  parawing. I t  w a s  



f u r t h e r  concluded from t h e  a n a l y s i s  t h a t  t h e  t e a r  damage i n  t h e  

nose a r e a  of  t h e  l e f t  lobe  was caused by t h e  high loads  i n  t h e  

second and t h i r d  r e e f e d  s t a g e s ,  a s  a r e s u l t  o f  t h e  damaged canopy 

i n  t h e  f i r s t  r e e f e d  s t a g e .  Recommended c o r r e c t i v e  a c t i o n  w a s  t o  

extend t h e  f o u r  f a n  pa tch  t a p e s  emanating from LK1 and R K 1  f o r  

d i s t a n c e s  ranging f r o n  6 t o  1 3  f t  t o  p o i n t s  where each t a p e  jo ined 

a n  i n t e r s e c t i o n  of  a p a i r  of e x i s t i n g  r i p s t o p  t a p e s .  Implementa- 

t i o n  of t h i s  change r e s u l t e d  i n  t h e  c r e a t i o n  of Version Nos. V I  

and V I I  of t h e  twin k e e l  parawing, which were flown i n  a l l  tests 

subsequent  t o  T e s t  206T. 

T e s t  252T 

The o b j e c t i v e  of  T e s t  252T w a s  t o  o b t a i n  g l i d i n g  f l i g h t  d a t a  

and t o  determine t h e  e f f e c t  of  wing load ing  on g l i d i n g  f l i g h t  per- 

formance. The Version No. I V  twin k e e l  parawing was flown i n  t h i s  

test . 
The 4007 pound (WD) c o n t r o l l m l e  test v e h i c l e  was launched 

from t h e  C-119 a i r c r a f t  a t  an  a l t i t u d e  of 23,670 f t .  Deployment 

of the prograpxer parachute and system o p e r a t i o n  u n t i l  Frogramcer 

parachute  d i sconnec t  w e r e  normal. F o l l o \ ~ i n g  pmgrammer pa rachu te  

d i sconnec t ,  two p i l o t  parachutes  w e r e  deployed. The two p i l o t  

parachutes  i n  t u r n  deployed t h e  parawing. A t  t h e  t ime 'c f  pzrs t~ in9  

l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was 23.5 p s f ,  compared wi th  27 

psf planned. A l t i t u d e  a t  l i n e  s t r e t c h  w a s  22,345 it. 

A l l  s t a g e s  of parawing deployment w e r e  normal. Following t h e  

l i n e  t r a n s f e r  zven t  a t  32.5 seconds a f t e r  launch,  c o n t r o l  o f  t h e  

system w a s  taken by t h e  ground c o n t r o l l e r .  The t i p  l i n e s  were re -  

t r a c t e d  and a s t a b l e ,  g l i d i n g  c o n f i g u r a t i o n  w a s  e s t a b l i s h e d  a t  

approximately 60 seconds a f t e r  launch.  Approximately 80 seconds 

a f t e r  laucch t h e  v e h i c l e  ins t rumented  boom was extended and t h e  

system flcbwn t o  a p r e s c r i b e d  maneuver p l a n  by t h e  ground c o n t r o l -  

l e r .  The wing was very  stable and c o n t r o l l a b l e  i n  f l i g h t .  Meas- 

ured L/D performance dur ing  s t e a d y  g l i d i n g  f l i g h t  v a r i e d  from a 



minimum of 2.26 to a maximum of 2.82. The maximum turn rate meas- -. 
. ured in this test was 10,l degrees per second; however, this was 

1 not necessarily the maximum possible turn rate for the system, 

since less than half the total available tip line travel was used 

to achieve this turn rate. 

Two anomalies occurred during the gliding-flight-portion of 

this test. One was loss of on-board measured total velocity, due 

to loss of the propeller on the boom-mounted airspeed indicator. 

The other anomaly was an apparent mechanical binding in the rear- 

keel-line-control-cable drive system, which invalidated the meas- 

ured rear-keel-control-line loads. 

Touchdown of the test vehicle was normal, with the vehicle 

remaining upright following ground impact. Tctal time of the 

flight from launch was 21 minutes, 43.8 seconds. 

Post test inspection of the parawing revealed no significant 

damage to the canopy or lines. 

Test 206T 

The objective of Test 206T was to demonstrate the capability 

of the parawing to be successfully deployed with a 5000 pound pay- 

load at t h e  rn3ximl.m r equ i r~d  altitude and dynamic pressure, namely 

18,003 ft and 100 psf, respectively. Also, this test was to pro- 

vide test dcca for comparison with data from small-scale parawing 

tests conducted at conditions scaled to match the 206T test condi- 

tions. 

Launch of the 5001 pound (WD) bomb test vehicle from the C-119 

aircraft and deployment of the programmer parachute were as planned. 

Following programmer parachute disconnect, a pilot parachute was 

deployed, which in turn deployed the parawing. At the time of 

parawing line stretch the dynamic pressure was 94.7 psf, compared 

with 100 psf planned; altitude at line stretch was 18,115 ft, corn-- 

; pared with 18,000 ft planned. 
, , . .  . '.I ,. d . . ,  . . .  

. . . . 



During f i r s t  s t a g e  r e e f e d  i n f l a t i o n ,  t e a r s  and h o l e s  developed 

i n  t h e  canopy, a s  evidenced by loose  and f l a p p i n g  m a t e r i a l ,  and by 

a p i e c e  of m a t e r i a l  s e p a r a t i n g  from t h e  c e n t e r  lobe  of t h e  canopy. 

A t  f i r s t  s t a g e  d i s r e e f  t h e  dynamic p r e s s u r e  was 38.5 p s f ,  compared 

wi th  21.5 psf  planned. This  h i g h e r  than  planned dynamic p r e s s u r e  

was due t o  canopy damage s u s t a i n e d  dur ing  i n i t i a l  parawing deploy- 

ment ahd f i r s t  s t a g e  i n f l a t i o n .  A t  f i r s t  s t a g e  d i s r e e f  t h e  l e f t  

lobe  d i s r e e f e d  3.25 second l a t e r  t h a n  t h e  r i g h t  lobe .  

Following f i r s t  s t a g e  d i s r e e f ,  s e v e r a l  h o l e s  and t e a r s  became 

v i s i b l e  i n  the parawing canopy. These inc luded a 50-inch wide by 

16-inch long ho le  i n  t h e  r i g h t  lobe  on t h e  outboard  s i d e  of t h e  

panel  between R4-1/2 and RS, a 55-inch wide l a t e r a l  t e a r  i n  t h e  

r i g h t  lobe  nea r  t h e  c e n t e r  of  t h e  pane l  bounded by R 3 ,  RK6, R3-1/2 

and RK7, and a 24-inch square  h o l e  i n  t h e  l e f t  hand lobe  near  t h e  

c e n t e r  of t h e  panel  bounded by L4, LK8, L4-1/2 and LK9. A t  second 

s t a g e  d i s r e e f  t h e  dynamic p r e s s u r e  was 8.5 p s f ,  e s s e n t i a l l y  a s  

planned. 

During t h i r d  s t a g e  r e e f e d  i n f l a t i o n  ano the r  h o l e ,  l o c a t e d  i n  

t h e  canopy c e n t e r  l o b e ,  became v i s i b l e .  T h i s  h o l e ,  roughly rec- 

t a n g u l a r  i n  shape and measuring approximately 40 inches  wide by 

24 inches  long,  was l o c a t e d  i n  t h e  l e f t  c e n t e r  of t h e  p a n e l  bounded 

by LK4, RK4, LK5 and RK5. 

Immediately fo l lowing t h i r d  s t a g e  d i s r e e f ,  one a d d i t i o n a l  

ho le  of s i g n i f i c a n t  s i z e  was observed.  This  i r r e g u l a r  shaped h o l e  

was l o c a t e d  i n  t h e  l e f t  lobe  j u s t  forward of t h e  t r a i l i n g  edge and 

cen te red  between LT2 and LT3. F igure  99 shows t h e  major canopy 

damage i n c u r r e d  by t h e  wing i n  t h i s  test. 

Following l i n e  t r a n s f e r ,  t h e  wing e s t a b l i s h e d  a s t a b l e  g l i d -  

i n g  c o n f i g u r a t i o n  and f lew i n  a s t eady  r i g h t  t u r n  a t  a r a t e  of  

11.5 degrees  p e r  second. Figure 100 p rov ides  a photograph of t h e  

damaged wing i n  s t eady  g l i d i n g  f l i g h t .  The average  MSL ra te -o f -  

d e s c e n t  dur ing  t h e  g l i d i n g  p o r t i o n  of t h e  f l i g h t  was 16.7 f p s ,  



and t h e  ave rage  L/D f o r  t h e  g l i d i n g  p o r t i o n  o f  f l i g h t  was 2.13,  

a s  de te rmined  from ASKANIA d a t a .  

P o s t  tes t  i n s p e c t i o n  of  t h e  parawing r e v e a l e d  t h a t  i n  a d d i t i o n  

t o  t h e  l a r g e  h o l e s  and t e a r s  d e s c r i b e d  above,  t h e r e  were 22  a d d i -  

t i o n a l  s m a l l  h o l e s ,  r a n g i n g  i n  s i z e  from 1/16-lnch t o  2- inches i n  

d i a m e t e r ,  d i s t r i b u t e d  somewhat randomly th roughou t  t h e  wing canopy. 

Also ,  s e v e r a l  burned and abraded  a r e a s  were i d e n t i f i e d ,  p a r t i c u -  

l a r l y  i n  t h e  c e n t e r  s e c t i o n  nose area and i n  a n  a r e a  j u s t  forward 

of t h e  c e n t e r  l o b e  r e c t a n g u l a r  h o l e .  I n  g e n e r a l ,  t h e  l a r g e  h o l e s  

and c , x s  had i n  each  case been c o n f i n e d  by t h e  r i p s t o p  t a p e  m a t r i x  

t h a t  sur rounded each  of  t h e  c l o t h  f a i l u r e  l o c a t i o n s .  

I n  a d d i t i o n  t o  t h e  canopy damage c i t e d  above,  t h e  p o s t  t e s t  

i n s p e c t i o n  i d e n t i f i e d  t h a t  t h e  second s t a g e  r e e f i n g  c u t t e r s  l o c a t e d  

a t  t h e  RK2 l i n e  a t t achmen t  l o c a t i o n  had been l o s t  i n  test.  The 

t a c k  t i e s  which h e l d  t h e  t o p  o f  t h e  pocke t  t o  t h e  heavy k e e l  web- 

b i n g  had been t o r n  l o o s e ,  a l l o w i n g  t h e  r e e f i n g  c u t t e r s  t o  f l i p  

o u t  of  t h e  c u t t e r  pocke t ,  once t h e  c u t t e r s  had f i r e d  and s e v e r e d  

t h e  second s t a g e  r e e f i n g  l i n e .  

A f a i l u r e  a n a l y s i s  of t h i s  tes t  concluded t h a t  most ,  i f  n o t  

a l l ,  of  t h e  canopy damage had been i n i t i a t e d  d u r i n g  i n i t i a l  para- 

wing deployment and f i r s t  s t a g e  r e e f e d  i n f l a t i c n .  The r a t h e r  ex- 

t e n s i v e  ev idence  of  bu rn  and a b r a s i o n  damage t o  t h e  canopy suppor t ed  

t h e  c o n c l u s i o n  t h a t  t h e  canopy c l o t h  f a i l u r e s  had been  i n i t i a t e d  

by l o c a l i z e d  damage t o  t h e  c l o t h ,  caused  by c l o t h - t o - c l o t h  o r  

t a p e - t o - c l o t h  c o n t a c t  i n  t h e  t i m e  i n t e r v a l  between i n i t i a l  canopy 

s t r e t c h o u t  and f i r s t  s t a g e  r e e f e d  i n f l a t i o n .  I t  is  i n  t h i s  p e r i o d  

of t i m e  when much o f  t h e  canopy c l o t h  i s  u n c o n t r o l l e d  and s u b j e c t e d  

t o  aerodynamic b u f f e t i n g .  The d u r a t i o n  o f  t h i s  t i m e  i n t e r v a l  i s  

a  f u n c t i o n  of t h e  f i r s t  s t a g e  r e e f i n g  r a t i o  used ,  w i t h  t h e  i n t e r v a l  

i n c r e a s i n g  w i t h  d e c r e a s i n g  r e e f i n g  r a t i o  ( l o n g e r  f i l l i n g  t i m e ) .  

The s e v e r i t y  of  t h e  canopy b u f f e t i n g  i s  a f u n c t i o n  o f  dynamic p r e s -  

s u r e  a t  t h e  t i m e  o f  i n i t i a l  parawing deployment.  I n  t h i s  test  



t h e  f i r r t  s t a g e  r e e f i n g  r a t i o  was 0.08 R K t  t h e  l owes t  r a t i o  used  

i n  any of  t h e  i n t e r m e d i a t e - s c a l e  parawing tests.  The dyanmic p r e s -  

s u r e  of 95 psf  a t  parawing l i n e  s t r e t c h  was t h e  h i g h e s t  v a l u e  o f  

a l l  o f  t h e  i n t e r m e d i a t e - s c a l e  parawing tests.  Thus,  t h e s e  two 

f a c t o r s  tended  t o  p r o v i d e  bo th  a r e l a t i v e l y  l o n g  and s e v e r e  p e r i o d  

of  canopy b u f f e t i n g  w i t h  t h e  r e s u l t i n g  damage t o  t h e  parawing  

canopy . 
Recommended c o r r e c t i v e  a c t i o n ,  w i t h i n  t h e  c o n s t r a i n t s  o f  t h e  

e x i s t i n g  r e e f i n g  sys tem and  t h e  s p e c i f i e d  parawing deployment en- 

v i ronment ,  was t o  c o v e r  s e l e c t e d  p o r t i o n s  o f  t h e  parawing canopy,  

p a r t i c u l a r l y  t h e  h i g h  p r e s s u r e  crown a r e 3 s  o f  e a c h  l o b e ,  w i t h  a 

l a y e r  o f  p a r a c h u t e  t y p e  ny lon  c l o t h ,  t o  p r o t e c t  t h e  canopy c l o t h  

from b u f f e t i n g  damage. Th i s  c o r r e c t i v e  a c t i o n  was n o t  implemented 

on  t h e  parawing specimens used i n  t h e  remaining'intermediate-scale 

tests;  however, t h i s  c o n c e p t  was s u b s e q u e n t l y  i n t e g r a t e d  i n t o  t h e  

p r e l i m i n a r y  d e s i g n  f o r  a f u l l - s c a l e  parawing.  

T e s t  25 3T 

The o b j e c t i v e  o f  T e s t  2531 was t o  o b t a i n  g l i d i n g  f l i g h t  d a t a  

a t  a s p e c i f i e d  wing l o a d i n g  of  1 .25  p s f .  The v e r s i o n  N o .  V I  twin  

k e e l  p a r x i i n g  was flown i n  t h i s  t e s t .  

The 5011 pound (WD) c o n t r o l l a b l e  test  v e h i c l e  was launched  

from t h e  C-119 a i r c r a f t  a t  a n  a l t i t u d e  o f  24,050 f t .  Deployment 

o f  t h e  programmer p a r a c h u t e  and sys tem o p e r a t i o n  u n t i l  programmer 

p a r a c h u t e  d i s c o n n e c t  were normal.  Fo l lowing  programmer p a r a c h u t e  

d i s c o n n e c t ,  t w o  p i l o t  p a r a c h u t e s  were deployed  which i n  t u r n  de- 

p loyed  t h e  parawing.  A t  t he  parawing l i n e  s t r e t c h  e v e n t  dynamic 

p r e s s u r e  was 27.8 p s f ,  compared w i t h  32 psf  p l anned .  A l t i t u d e  a t  

l i n e  s t r e t c h  was 22,640 f t .  

A l l  s t a g e s  of  parawing deployment were normal.  Fo l lowing  t h e  

l i n e  t r a n s f e r  e v e n t  a t  32.72 seconds  a f t e r  l aunch ,  c o n t r o l  o f  t h e  

sys tem was t a k e n  by t h e  ground c o n t r o l l e r .  The t i p  l i n e s  were 



r e t r a c t e d ,  and a s t a b l e ,  g l i d i n g  c o n f i g u r a t i o n  was e s t a b l i s h e d .  

A t  91.5 seconds  a f t e r  l aunch  t h e  v e h i c l e  i n s t r u m e n t e d  boom was 

ex t ended ,  and t h e  sys tem was f lown by t h e  ground c o n t r o l l e r  acco rd -  

i n g  t o  a  p r e s c r i b e d  maneuver p l a n .  The measured L,/D per formance  

d u r i n g  s t e a d y ,  g l i d i n g  f l i g h t  v a r i e d  f rom a minimum o f  1 .93  t o  a 
maximum of  2.5. The maximum t u r n  r a t e  f lown i n  t h i s  tes t  was ap- 

prox ima te ly  6 d a g r e e s  p e r  second.  However, t h i s  was n o t  neces-  

s a r i l y  t h e  maximum t u r n  rate c a p a b i l i t y  o f  t h e  sys tem,  s i n c e  o n l y  

approximate ly  20 p e r c e n t  of  t h e  a v a i l a b l e  t i p  l i n e  r e t r a c t i o n  was 

used  to  a c h i e v e  t h i s  t u r n  rate.  

Two anomal ies  o c c u r r e d  r e l a t i v e  t o  t h e  g l i d i n g  p o r t i o n  o f  

t h i s  f l i g h t .  The f i r s t  w a s  r e l a t i v e l y  low onboard v e l o c i t i e s  meas- 

u red  i n  t h i s  test .  These a p p a r e n t l y  low r e a d i n g s  r e s u l t e d  i n  com- 

puted  c o e f f i c i e n t s  o f  l i f t ,  d r a g  and r e s u l t a n t  f o r c e  (CL, CD' and  

CR) t h a t  were q u i t e  h i g h ,  r e l a t i v e  t o  p r e v i o u s  t es t  d a t a .  The 

second anomaly was a n  a p p a r e n t  d r i f t  i n  t h e  z e r o  r e f e r e n c e  o f  t h e  

d a t a  a c q u i s i t i o n  sys tem f o r  r e a r - k e e l - c o n t r o l - l i n e  l o a d ,  which 

i n v a l i d a t e d  t h e s e  d a t a .  
. . 

Touchdown of  t h e  t e s t  v e h i c l e  was normal ,  w i t h  t h e  v e h i c l e  
.:: 

coming t o  rest on  i t s  s k i d s .  T o t a l  t i m e  o f  t h e  f l i g h t  from l aunch  

i 
t o  touchdown was 21 mir.utes,  53.5 seconds .  

I 
. ': 

; i 
- '?I 
.; . . .< P o s t  t e s t  i n s p e c t i o n  of  t h e  parawing r e v e a l e d  o n l y  s u p e r f i c i a l  
. , .i damage t o  t h e  canopy. T h i s  damage c o n s i s t e d  of  a  3- inch long  tear 
i 

:e i n  t h e  c e n t e r  nose  s e c t i o n  of  t h e  wing, j u s t  a f t  o f  and p a r a l l e l  

t o  t h e  l a t e r a l  r e i n f o r c i n g  t a p e  between L K 1  and R K 1 ;  a  1 - l /2 - inch  

long t e a r  i n  t h e  r i g h t  s e c t i o n  o f  t h e  wing i n  t h e  c e n t r a l  a r e a  o f  

t h e  pane l  bounded by RK10, R 5 ,  R5-1/2 and R K 1 1 ,  and a  few s c u f f  

marks i n  t h e  a f t  a r e a s  o f  t h e  r i g h t  and l e f t  s e c t i o n s  o f  t h e  wing. 

T e s t  210T 

The o b j e c t i v e  of  T e s t  210T was t o  o b t a i n  d e s i g n  and  s c a l i n g  

d a t a  f o r  a f u l l - s c a l e  parawing sys tem,  by means o f  s c a l e d  test  
. , . . c o n d i t i o n s  s i m u l a t i n g  a  15,000 pound parawing-vehic le  sys tem de- 
: '1 
. .,.j ployed  a t  a  dynamic p r e s s u r e  o f  100 ps f  and an  a l t i t u d e  o f  18,030 
, .. 
$' 
3-l 



f t .  AS such ,  t h i s  t e s t  was a r e p e a t  of  T e s t  209T, e x c e p t  f o r  a 

parawing deployment a l t i t u d e  of  18,000 f t  i n s t e a d  of t h e  14,000 

f t  a l t i t u d e  i n  T e s t  209T. A Ver s ion  No. V I I  wing was flown i n  

t h i s  t e s t .  

Launch of  t h e  3813 pound (WD)  bomb t e s t  v e h i c l e  from t h e  c-119 

a i r c r a f t  and deployment o f  t h e  programmer p a r a c h u t e  were normal.  

Fol lowing programmer p a r a c h u t e  d i s c o n n e c t ,  a p i l o t  p a r a c h u t e  was I 
dep loyed ,  which i n  t u r n  deployed t h e  parawing. A t  t h e  t i m e  o f  I 
parawing l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was 62 .1   sf, compared 

w i t h  63.3 psf  p lanned;  a l t i t u d e  a t  l i n e  s t r e t c h  was 18,600 f t ,  

compared w i t h  18,000 f t  planned.  

A l l  phases  o f  t h e  deployment sequence were a s  planned.  Some 

v e h i c l e  o s c i l l a t i o n  w a s  n o t i c e a b l e  u n t i l  t h e  l i n e  t r a n s f e r  e v e n t .  

Fol lowing l i n e  t r a n s f e r  t h e  wing e s t a b l i s h e d  a s t e a d y  g l i d e ,  w i t h  

a slow t u r n  t o  t h e  l e f t  a t  a r a t e  o f  approximate ly  3.9 d e g r e e s  p e r  

second. Average MSL r a t e - o f - d e s c e n t  d u r i n g  t h e  g l i d i n g  p o r t i o n  o f  

t h e  f l i g h t  was 12.2 f p s ,  and t h e  ave rage  L/D i n  s t e a d y  g l i d e  was 

2.69, a s  de te rmined  from ASKANIA d a t a .  Veh ic l e  touchdown w a s  nor-  

mal w i t h  t h e  v e h i c l e  coming t o  rest  on i t s  l a n d i n g  s k i d s ,  w i t h  no  

damage. I 
P o s t  tes t  i n s p e c t i o n  o f  t h e  parawing r e v e a l e d  o n l y  minor 

damage of  a s u p e r f i c i a l  n a t u r e .  Th i s  damage c o n s i s t e d  o f  t h e  

fo l lowing :  two s m a l l  burn  h o l e s ,  measuring 1- inch  and 1/2- inch 
I 

i n  l e n g t h ,  i n  t h e  c e n t e r  s e c t i o n  o f  t h e  wing, l o c a t e d  j u s t  f o r -  

ward of  t h e  l a t e r a l  t a p e  between LK6 and RK6; t h r e e  small h o l e s ,  

va ry ing  i n  s i z e  from 1/16 t o  3 j8- inch  i n  d i a m e t e r  i n  t h e  t o p  l a y -  

er of  c l o t h  i n  t h e  r e i n f o r c i n g  p a t c h e s  a t  LK12 and HK12; and a 

l /4- inch h o l e  i n  t h e  l e f t  s e c t i o n  o f  t h e  wing, j u s t  a f t  of  t h e  

r e i n f o r c i n g  t a p e  between L4 and LK8 and approximate ly  midway be- 

tween t h o s e  two l i n e  p o s i t i o n s .  % 

One anomaly i n  t h i s  tes t  was t h e  l o s s  o f  l o a d s  d a t a  f o r  t h e  
LK12 suspens ion  l i n e .  P o s t  tes t  i n s p e c t i o n  i d e n t i f i e d  t h a t  a 
connec t ing  wire from t h e  l o a d  l i n k  t o  t h e  v e h i c l e  had broken f o l -  
lowing d i s c o n n e c t  o f  t h e  programmer pa rachu te .  



T e s t  254T 

The o b j e c t i v e  of  T e s t  254T was t o  o b t a i n  g l i d i n g  f l i g h t  d a t a  

and t o  de t e rmine  t h e  e f f e c t  of  wing l o a d i n g  on g l i d i n g  f l i g h t  per- 

formance. The Ver s ion  No. V I  wing was flown i n  t h i s  t e s t .  

The 6011 pound (WD) c o n t r o l l a b l e  tes t  v e h i c l e  was launched  

from t h e  C-119 a i r c r a f t  a t  an  a l t i t u d e  o f  23,540 f t .  V e h i c l e  

l aunch ,  deployment of  t h e  programmer p a r a c h u t e  and  sys tem ope ra -  

t i o n  th rough programmer p a r a c h u t e  d i s c o n n e c t  were normal.  Follow- 

i n g  programmer p a r a c h u t e  d i s c o n n e c t ,  two p i l o t  p a r a c h u t e s  were 

deployed;  t h e  p i l o t  c h u t e s  i n  t u r n  deployed  t h e  parawing.  A t  t h e  

t ime  of parawing l i n e  s t r e t c h  t h e  dynamic p r e s s u r e  was 31.4 p s f ,  

compared w i t h  36 ps f  p lanned;  t h e  a l t i t u d e  a t  l i n e  s t r e t c h  was 

22,075 f t .  

A l l  s t a g e s  of parawing deployment were a s  p lanned .  Fol lowing  

t h e  l i n e  t r a n s f e r  e v e n t  a t  32.3 seconds  a f t e r  l aunch ,  c o n t r ~ l  o f  

t h e  system was t a k e n  by t h e  ground c o n t r o l l e r .  The t i p  l i n e s  were 

r e t r a c t e d  and a s t a b l e ,  g l i d i n g  c o n f i g u r a t i o n  was e s t a b l i s h e d  a t  

approximate ly  70 seconds  a f t e r  l aunch .  A t  118  seconds  a f t e r  l aunch  

t h e  v e h i c l e  i n s t rumen ted  boom was ex tended  and t h e  sys tem flown by 

t h e  ground c o n t r o l l e r  t o  a  p r e s c r i b e d  maneuver p l a n .  Veasured L/D 

performance d u r i n g  s t e a d y  g l i d i n g  f l i g h t  i n  t h i s  t e s t  v a r i e d  from 

a  maximum of 2.51 t o  a  minimum of  2.10.  The maximum t u r n  r a t e  

measured i n  t h i s  t e s t  was 32.7 d e g r e e s  p e r  second;  however, t h i s  

was n o t  n e c e s s a r i l y  t h e  maximum p o s s i b l e  t u r n  r a t e  c a p a b i l i t y  o f  

t h e  sys tem,  s i n c e  less t h a n  f u l l  t i p - c o n t r o l - l i n e  r e t r a c t i o n  was 

used t o  a c h i e v e  t h i s  t u r n  rate.  

Touchdown o f  t h e  test  v e h i c l e  was normal ,  w i t h  t h e  v e h i c l e  

coming t o  rest on i ts  l a n d i n g  s k i d s .  T o t a l  t i m e  of  t h e  f l i g h t  

was 16 minu te s ,  22.2 seconds .  

P o s t  t es t  i n s p e c t i o n  o f  t h e  parawing r e v e a l e d  o n l y  minor 

damage of a  s u p e r f i c i a l  n a t u r e .  T h i s  damage c o n s i s t e d  of  two 1/16- 

i n c h  d i ame te r  h o l e s  i n  t h e  l e f t  s e c t i o n  o f  t h e  wing, j u s t  fo rward  



of  t h e  LT2 l i n e  a t t a c h m e n t  l o c a t i o n ,  a 3-inch long  t e a r  i n  t h e  

c e n t e r  nose s e c t i o n  of  t h e  wing, j u s t  a f t  of  t h e  r e i - f o r c i n g  t a p e  

between LK1 and RK1,  a  12- inch long  s c u f f  mark i n  t h e  c e n t e r  l o b e  

a f t  of  t h e  r e i n f o r c i n g  t a p e  between LK2 and RK2, and a n  8- inch 

long  burned a r e a  i n  t h e  l e f t  s e c t i o n  o f  t h e  wing on t h e  i n s i d e  

l a y e r  o f  t h e  LK12 r e i n f o r c i n g  p a t c h .  A l so ,  t h e  t w c  l e f t  s i d e  nose 

snubber  l i n e s  were damaged n e a r  t h e  nose  r e e f i n g  r i n g s .  

Only anomaly i n  t h i s  test  was a  t e l e m e t r y  c a l i b r a t i o n  s i g n a l  

t h a t  was i n i t i a t e d  app rox ima te ly  s i x  seconds  a f t e r  parawing l i n e  

s t r e t c h ,  f o r  a d u r a t i o n  o f  a b o u t  two seconds .  T h i s  s i g n a l  obscured  

t h e  l o a d s  r e a d i n g s  d u r i n g  a  s i g n i f i c a n t  p o r t i o n  of  parawing second- 

s t a g e  r e e f e d  i n f l a t i o n ,  making t h e  a p p a r e n t  s econd- s t age  peak l o a d  

q u e s t i o n a b l e .  

T e s t  255T 

The o b j e c t i v e  of  T e s t  255T was t o  o b t a i n  g l i d i n g  f l i g h t  d a t a  

and t o  de t e rmine  t h e  e f f e c t  o f  wing l o a d i n g  on  g1 ;d ing  f l i g h t  pe r -  

formance. Also ,  t h i s  t e s t  was conducted  t o  d e t e r m i n e  t h e  d e g r e e  

o f  r e p e a t a b i l i t y  of  parawing f l i g h t  performance.  T o  t h i s  end t h e  

test  c o n d i t i o n s  were t h e  same as t h o s e  f o r  T e s t  254T. The Ver s ion  

N o .  V I  wing was flown i n  t h i s  test .  

The 6014 pound (\ID) c o n t r o l l a b l e  tes t  v e h i c l e  w a s  l aunched  

from t h e  C-119 a i r c r a f t  a t  a n  a l t i t u d e  of  24,700 f t .  V e h i c l e  

l aunch ,  deployment of  t h e  programmer p a r a c h u t e  and sys tem ope ra -  

t i o n  th rough  programmer p a r a c h u t e  d i s c o n n e c t  were normal.  Follow- 

i n g  programmer p a r a c h u t e  d i s c o n n e c t ,  t w o  p i l o t  p a r a c h u t e s  were 

deployed;  t h e  p i l o t  p a r a c h u t e s  i n  t u r n  deployed  t h e  parawing.  :.: 
t h e  time o f  parawing l i n e  s t r e t c h  t h e  dynamic p r e s s u l e  was 31 p s f ,  

compared w i t h  36 ps f  p lanned;  t h e  a l t i t u d e  a t  l i n e  s t r e t c h  was 

23,260 f t .  
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A l l  s t a g e s  of  deployment were normal .  Fo l lowing  t h e  l i n e  

j t r a n s f e r  e v e n t  a t  32.03 seconds  a f t e r  l aunch ,  c o n t r o l  ~f  t h e  s y s -  

; tem was t aken  by t h e  ground c o n t r o l l e r .  The t i p  l i n e s  were re- 

d t r a c t e d  and a  s t a b l e ,  g l i d i n g  c o n f i g u r a t i o n  was e s t a b l i s h e d  approx-  

i m a t e l y  80 seconds  a f t e r  l aunch .  A t  91 .8  seconds  a f t e r  l aunch  t h e  

v e h i c l e  i n s t r u m e n t e d  boon was ex tended  and t h e  sys t em flown by t h e  

ground c o n t r o l l e r  t o  a  p r e s c r i b e d  maneuver p l a n .  Yeasured L/D 

: 2 performance d u r i n g  s t e a d y  g l i d i n g  f l i g h t  i n  t h i s  tes t  v a r i e d  from 
f 
t a  maximum of  2.64 t o  a  minimum of  2 . 2 4 .  The maximum t u r n  ra te  

measured i n  t h i s  t e s t  was 35.8 d e g r e e s  p e r  second.  T h i s  t u r n  r a t e  

i s  c o n s i d e r e d  a near-maximum t u r n  rate f o r  s i n g l e - t i p - l i n e  t u r n  

c o n t r o l ,  ba sed  on p r e v i o u s  tes t  d a t a .  

Touchdown of  t h e  t e s t  v e h i c l e  was normal ,  w i t h  t h e  v e h i c l e  

coming to  rest  on i t s  l a n d i n g  s k i d s .  T o t a l  t i m e  o f  t h e  f l i g h t  was 

1 5  minut.es,  25.4 seconds .  

P o s t  test i n s p e c t i o n  o f  t h e  parawing r e v e a l e d  no s i g n i f i c a n t  
p: 

damage t o  t h e  wing, o t h e r  t h a n  t w o  burned  areas and a  s c u f f  mark 

i n  t h e  nose a r e a  of  t h e  c e n t e r  s e c t i o n ,  a d j a c e n t  t o  R K 1 ,  two s c u f f  

marks i n  t h e  r i g h t h a n d  s e c t i o n ,  and some damage t o  one nose  snubber  

l i n e ,  second l i n e  i nboa rd  from LK1. 

One anomaly o f  t h e  test  was t h e  l o s s  of  bo th  second s t a g e  

r e e f i n g  c u t t e r s  a f t e r  t h e y  had performed t h e i r  f u n c t i o n .  The 

r e e f i n g  c u t t e r  pockek had been t o r n  f r e e  o f  t h e  k e e l  a t  R K 2 ,  s i m i -  

l a r  t o  t h a t  which had o c c u r r e d  i n  T e s t s  204T and 206T, a l l o w i n g  

t h e  c u t t e r s  t o  f a l l  o u t .  Th i s  anomaly had no e f f e c t  on t h e  test .  
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