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I ABSTRACT 

The d e s i g n  p resen ted  d e s c r i b e s  a .&foot nominal diameter Disk-Gap- 

' Band parachute  t e s t e d  as a cand ida te  i n  t h e  Supersonic P l a n e t a r y  Entry 

Dece le ra to r  Program. This  r e p o r t  i n c l u d e s  design requirements ,  e s t i m a t e s  

of maximum expected l o a d s  on t h e  parachute ,  parachute  conf igu ra t ion ,  stress 

a n a l y s i s ,  moment o f  i n e r t i a ,  and component s t r u c t u r a l  t es t  d a t a .  
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. 
1.0 INTRODUCTION 

The des ign  presented herein describes completely a 40-foot nominal 

diameter Disc-Gap-Band parachute to be tes ted  as a candidate in the 

Planetary Entry Parachute Program. This report includes des ign  requirements, 

estimates of maximum expected loads on the parachute, parachute configuration, 

stress a n a l y s i s ,  moment of iner t ia ,  and component s tructural  test data. 

G. T. Schjeldahl Co. - De ign Re ort -1- 
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2. I 

2.2 

2.3 

2.4 

I 

2.0  DESIGE SPhXIFICATIONS 

The parachute  is  a disc-gap-band type w i t h  a constructed geometric 

shape i n  accordance with t h e  LRC drfiwing number LB-15.1822, 

'&e nominal diameter of t h e  parachute (D 1 is 40 f t .  

The d i s c  is a r e g u l a r  polygon w i t h  an  even number of s ides .  There 

is a ven t  in t h e  cen te r  of t h e  d i s c  and t h e  area of t h e  v e n t  is equal 

t o  0.5 per c e n t  of S . The surface area of t h e  d i s c ,  i nc lud ing  t h e  

ven t  area, is  53.0  per  c e n t  of S 

The band is a r i g h t  c y l i n d e r  circumscribing t h e  d i s c .  

of t h e  band is 35 per cent  of So. 

The area of t h e  gap is  12.0 per cent of S . 
The number of suspension l i n e s  i s  equal  to t h e  number of s i d e s  on t h e  

d i s c .  The l eng th  of each suspension l i n e  is 40 f e e t .  

0 

I 
0 

0' 

The s u r f a c e  area 

0 

The parachute  has  a post-reef system i n  accordance wi th  LRC drawing 

number LD-151817, capable  of changing t h e  t e rmina l  rate of descent  

to  40 2 10 ft/sec a t  an a l t i t u d e  of 4,000 f e e t .  

. 

The weight of t h e  canopy and suspension l i n e s  is not more than 35 pounds, 

i nc lud ing  t h e  weight of t h e  deployment bag, b u t  not i nc lud ing  parachute  

riser system. 

The parachute  i s  designed t o  withstand t h e  fol lowing deployment con- 

d i t i o n s  without  s t r u c t u r a l  failure: 

a) 205 pounds suspended on parachute 

b) Mach number 1.6 a t  a dynamic p res su re  of 12 pounds/square f t  

c) Mortar e j e c t i o n  v e l o c i t y  of 120 f t / s e c .  

-2- 
I -  
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2.5 A l l  s t r u c t u r a l  f a b r i c  mater ia l  f o r  the parachute system is dacron. A l l  

l i n e s ,  t a p e s ,  webbing and threads are h i - t e n a c i t y  type dacron material. I 

I 

2.6 The complete parachute system i s  capable of withstanding 1 2 p C  f o r  120 

hours  while packed and is  designed t o  be a b l e  t o  withstand deployment 

and opening loads without s t r u c t u r a l  f a i l u r e .  

2.7 The canopy i s  white  with a 6-inch wide blue s t r i p e  on t h e  i n s i d e  of t h e  

canopy from t h e  vent t o  t h e  bottom of t h e  band and a 6-inch wide blue 

r i n g  around t h e  bottom of t h e  s k i r t .  

2.8 The parachute system (excluding deployment bag) is shown i n  Figure 1. 

G.  T. Schjeldahl  Co. Design Report -3- 
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3.0 DESIGN DATA - 
(40 P t  Do DGB) 

Nominal Diameter (Do) 

Geometric Poros i ty  tu) 

Tota l  A r e a  <So) 

D i s c  A r e a  (.53 So) 

D i s c  D i a m e t e r  

D i s c  Circumference 

Gap Area t.12 So) 

Gap Width 

Band Area (.35 So) 

Band Width 

Vent A r e a  (.005 So) 

Vent D i a m e t e r  

No. of suspension l i n e s  ’ 

Length of suspension l i n e s  

G. T. Schje ldahl  Co. Design Report  

40 ft 

12.5 per  cen t  

1256.64 f t ’  

666.02 ft’  

29.12 f t  

91.48 f t  

150.80 f t ’  

1.648 f t  

439.82 f t ’  

4.808 f t  

6.283 f t ’  

2.829 f t  

32 

40  f t  

-5- 



4.0 CORE LAYOUT AND PARACHUTE CONFIGURATION --- 
I 

Based on a geometric porosity of 12.5 per cent, the gore layoct  is 

calculated as follows: 

. 
k 

0 4 0  
S = -  D 3  

Z = 32 

4 = - -  360 - 110 15' . 
32 

1256.64 x 144 ina = 5654.88 in' - 
so - 32 

SI = 0.53 So = 2997.08 in2 

S2 = 0.12 So = 678.58 in' 

S3 = 0.35 So = 1979.21 in' 

s = .005 So = 28.27 in' 
V 

d.0981)  2997*08 = 174.53 in 

2 x sv 
= 3.336 in - - 

l" hV 

G. T. Schjeldahl Co. Design Report -6- 



I 

To ailow stress r e l i e f  a t  vent ,  add 10 per cent  f u l l n e s s  a t  vent  

I 
1 New ape,x a n g l e  8 

I - 34.352-3.71 .09735 
2 

Tan 8 - 
'I2 174.53-16.95 

New con t r u c t i o n  he igh t  of disc 

- 34.352 
2 

he igh t  

Tan - 

I '  

-- 17*176 = 176.44 in 17.176 - 
.09735 Height = 

Tan O1/2 

With t h i s  gore l ayou t ,  t h e  constructed shape as w e l l  as t h e  expected 

i n f l a t e d  shape is as shown i n  F igure  2. 

G. T. Schje ldahl  Co. Design  Report -7- 
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5.0 SNATCH FORCE CALCULATION -- - P 

I 
The parachute  deployment bag is ejected rearward by means of a mortar 

and may, therefore ,  be t r e a t e d  i n  t h e  c l a s s i c a l  manner as presented in 

r e f  er.ence 1. 

Thus from equation 4-26 

Z = 32 

Ls = 40 ft 

and w i t h  t h e  design condi t ions defined as 

M = 1.6 8 q 12 psf ,  vo = 1665 fp8 

which f o r  t h e  worst case, can be assumed constant throughout t h e  period of 

deployment. 

Next , the v e l o c i t y  of t h e  deployment bag mass may be determined by 

consider ing t h e  following: 

For a c y l i n d e r  of l/d = 1.5 with blunt  end forward, % = 0.85 

( r e fe rence  2) and s ince  t h e  bag diameter = 1 f t . ,  % S 0.67 ft'. 

Also , the  t i m e  from mortar e j e c t i o n  t o  l i n e  s t r e t c h  may be computed 

= 120 f p s  and ve assuming a mortar ejection ve loc i ty ,  

= 0.367 sec. 'La t =  
# 

e 

hence, d e f i n i n g  i n i t i a l  parachute v e l o c i t y  as 

or V = 1545 f p s  
I 

OP v = vo - ve - OP 

Thus,veloci ty  of t h e  deployment bag system a t  l i n e  s t r e t c h  is 

P 

G. T. Schjeldahl  Co. Design Report 
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and the velocity of the bag and canopy relative to the payload is 

AV = 1665 - 1542 = 123 fps 

and the snatch force is P = 5593 pounds 

- .  

G. T. Schjeldahl Co. Design'Report 
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6.0 OPENING FORCE LOADS 
-_I_ 

The results o f  an  earlier experiment wit!? a 30-foot diameter  DGB at 

e s s e n t i a l l y  t h e  same des ign  cond i t ions  (q = 11.4 p s f ,  M = 1.56) showed a 

maximum opening f o r c e  of approximately 4000 pounds. Fu r the r ,  t h e  opening 

process  was of t h e  so-ca l led  i n f i n i t e  mass type.  

Ca lcu la t ing  a "shock f a c t o r "  f o r  t h i s  case 

F 
F 

x = o  =- 4000 e 0.94 
4200 

8.8 

which is cons iderably  below what would normally be expected f o r  this 

t ype  canopy. (Reference 1 and 3). 

However, s i n c e  t h e  process  is e s s e n t i a l l y  i n f i n i t e  mass type ,  cal- 

c u l a t i o n s  using f i n i t e  mass approaches y i e ld  ex t r anecus  results. 

Using a shock f a c t o r  of 0.94, t h e  opening f o r c e  is c a l c u l a t e d  as: 

= X . C S  'Q D o  

F = 0.94 x 0.52 x 1256.64 x 12 
0 

= 7370 pounds 

G. T. Sch je ldah l  Ca. Design.Report  -11- 
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8 .  7.0 WEIGHT ESTIMATS 

The 30-ft  D DGB, f a b r i c a t e d  from 2.0 oz/yd2 Dacron f a b r i c ,  weighed 

less t h a n  30 pounds. 

could be f a b r i c a t e d  from t h i s  same 2 . 0  oz/yd7 Dacron fabric. 

0 

Therefore,  it appe red f e a s i b l e  t h a t  the 40-ft Do DGB r 
With t h e  assumption, a weight es t imate  was made based on t h e  weight 

of 2.0 oz/yd2 f a b r i c .  
I 

The number of suspension l i n e s  required,  u s ing  t h e  550 pound t e n s i l e  

s t r e n g t h  l i n e  as used on previous parachutes f o r  t h e  PEPP Program, w a s  

determined as follows: 

For a p o s i t i v e  margin of s a f e t y  of 10 pe r  cen t ,  and us ing  a design 

f a c t o r  of 2.12, 

= 7370 x 2.12 x 1.10 'ult 

= 17,187 pounds P"lt 

Then 

W e  t hen  designed f o r  32 l i n e s  t o  g ive  a suspension l i n e  arrangement 

of f o u r  groups of e i g h t  l i n e s .  

The estimated component weight breakdown is t a b u l a t e d  below. 

G. T. Sch je ldah l  Co. Design Report -12- 



. Iten - 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

WEIGHT 

2.0 oz/yd’ dacron 
r a d i a l  tape 
suspension l i n e s  
s k i r t  reinforcement 
gap reinforcement 
, emre in fo rcemen t  
r a d i a l  gap reinforcement 
r e e f i n g  r i n g s  
r e e f i n g  l i n e s  
main riser 
deployment bag 
t h r e a d  
s t r i p i n g  fnk 
c o t t o n  webbing 

BREAKDOWN 

Units  W t .  w! 
141 yd’ 
230 yd 
435 ya 
31 ra 
62 yd 

7 Ya 
27 yd 
30 
65 yd 
6.7 yd - - - 
3.53 yd 

2.00 ozlyd’ 
.2258 oz/yd 
.60 y d l l b  
. m a  oz/ya 
-2758 Oz/ya 
. m a  oz/ya 
,2258 oz/yd 
0.125 02 

60 yd/lb 
2.1 o d y d  - - - 
.33 O d y d  

I 
I 
I 
I 
i 
I 

G. T. Sch je ldah l  Co. Design Report 

T o t a l  Estimated Weight = 

I 
T o t a l  (lbs) 

17.60 
3.25 
7.25 
0.44 
0.88 
0.10 
0.38 
0.24 
1.08 
0.88 
1.00 
1.00 
0.38 
0.07 

34.55 

-13- 



8.0 STRESS ANALYSIS 

I 8.1 Suspension lines (610 lb min. strength) 

- = -  7370 = 230.3 1bs e 32 

Using a design factor of 2.04 for suspension lines (see table I) 

r- 610 = 297 Ibs. 
'ail 2.04 

'de" 
M.S. - 1.0 

i 
I 
I 
I 
I 
I 
I 

i 

297 
230.3 MIS. =- - 1.0 = 0.290 

M . S .  = +29% 

8.2 Radial Tapes (575 lb rated strength) 

Design Factor = 1.86 . 

- 575 - - t 309 1 b  
'all 1.86 

309 
230.3 M.S. = -  - 1.0 = -34 

8.3 Skirt, gap or disc band (single 575 lb tape) 
I 

13.33 
'H - 'S.L 40.0 x- - 

I 

PSeL = 230.3 lbs 

PH = 76.86 lbs 

-14- G. T. Schjeldahl Co. Design'Beport 
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. 

hoking  at the cross-section at the skirt ,  assuming the inflated diameter 
is 2/3 Do. 

' I  

\ 

by Geometry: 

I 

1 = 34.35" 

c = 31.40" 

from rat io  of l/c = 1.095 

28 = 84O 

e = 42O 

- C 31 -40 - 
.rb 2 s i n  0 =2 x 0.67 

r = 23.50 inch b 

G.T. Schjeldahl Co. Design Report 

e = 42O 

y = 53.625O 

= 65.14 l b s  x-  1 -  - - x -  
cos y 2 0.59 

- - -  - 575 - 292 lbs  

- = 65.14 lbs  

'all 1.97 

'de" - 'sb 
292 
65.14 M.S. = - - 1.0 = 3.48 

H.S. = + 348% 

-15- 



8.4 Vent Band 

Prom t h e  geometry of t h e  vent ,  t h e  tension i n  t h e  v e n t  t a p e  &an be 
- -  

determined : 

360 a = 7 = 5.625O 

5' 

Taking i n t o  cons ide ra t ion  t h e  f a c t  t h a t  t h e  constructed l eng th  of t h e  

vent  band i s  longer  than  t h e  circumference of t h e  ven t  band based on t h e  

diameter of t h e  v e n t ,  t h e  ven t  band loading w i l l  be  determined. 

The v e n t  band l eng th  between r a d i a l  t a p e s  is  3.71 inches while  the 

cord l e n g t h  based on t h e  vent diameter is 3.34 inches.  

From t h e  r a t i o  3.71 = 1.1107, t h e  3 :34 

included a n g l e  between r a d i a l  t a p e s  and t h e  bulge r a d i u s  is found t o  be 

90 degrees.  

G. T. Schjeldahl  Co. Design Report -16- 
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t 

by geometry: 

. .  

1 I 
y = 50.625' 

*S.l 1 =-x- 
'v.b 2 cos y 

1 x- - 230.3 
'v.b - 2 0.635 

pyob = 181.3 

The vent band cons is t s  of two 
575 l b  tapes,  using a design 
f ac to r  of 1.97: 

- 1150 - - = 584 1bS 
'all 1.97 

= 181.3 l b s  'd ev 

M.S. = - 584 1.0 = 2.22 l b s  181.3- 

8.5 Xain Seams 

a. D S  

The worst case is  when F is absorbed by t h e  d i s c  area of t he  
0 

canopy - 
disc Bp 

7370 
Then t h e  d i s c  load = - X 

sD 

assuming a t h i n  s h e l l  with no bulge 

G.T. Schjeldahl Co. Design R e p o r t  -17- 



c 

= 0.768 lbs/in' - 7370 = 7370 l b  1 f t '  
"disc - 666 f t '  144 i na  

lb Cloth stress = L\P x El = .768 - x 160 i n  
P in' 

i 

Cloth stress = 12.29 lb/in. 

Using a design f ac to r  of 1.75 (i.e., j o i n t  e f f ic iency  of 100%) and 

the  m i n i m u m  s t r i p  t e n s i l e  s t rength  of t h e  canopy c lo th  = 60 lbs. 

= 34 l b / h  60 
t- 

'all 1.75 

'dev 12.29 lb/Ln 

34 M.S. ='m9 - 1.0 

M.S. = +177% (ignoring gore bulge) 

' t  1.77 

b. 

absorbed 

Band 

The most severe case on t h e  band is if t h e  t o t a l  force  Po is 

by t h e  t o t a l  canopyuniformly. men 

- 

Pall = 34 lb/in 

34 
6.55 M.S. f - - 1.0 = 4.19 

M.S. = + 419% 

-18- G. T. Schjeldahl Co. Design Report 
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8.6 Crosr Seam6 . 

a* - Disc 

Using same assumptions as for main seam analysis, except seam 

efficiency 100%- 

x s i n  a 
Pdev pdev radially 

= 12.29 x 0.707 = 8.7 lb/in 'dev 

34 
8.7 

M.S. = 291% 

M.S. = - - 1.0 = 2.91 

pall = 34 lb/in 

'dev = 6.55 x 0.707 = 4.'63 lb/in 

34 
4.63 M.S. =-  - 1.0 = 6.34 

M.S. = 634%. 

8.7 Canopy Cloth . 
m e  worst case is assumed when Fo is absorbed by the disc aha. 

7370 lb = 11.13 lb/ft7 = 0.768 lb/in2 TmnF apdev = - = 
'd 

assuming the inflated disc diameter is equal to the inflated skirt 

diameter and is equal to 2/3 D 0' 

Cloth tension = 0.768 lbs/in3 x 160 in = 12.29 lb/in = Pdev 

using a design factor of 1.75 (no joints, therefore joint efficiency = 1Oojk) 

C,T. Schjeldahl Co. Design Report -19- 
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8.8 Vent Radial  

Assume v e n t  

- 

- 6o = 34.2 l b / in  
1.75 

12.29 lb/in 

3402 - 1.0 = 1.77 12.29 
+177 % neg lec t ing  gore bulge 

Tapes 

r a d i a l s  c a r r y  100% of the  load at  i n s t a n t  of opening; 

- 7370 = 230.3 pounds 
32 

575 l b s  

5 75 - = 288 pound where F = 2.0  is  used as a f l u t t e r  f a c t o r .  2.0 d 

- 1.0 = .25 288 
230.3 
- 
+25% 

8.9 Main Riser t o  Load C e l l  Junct ion 

The main riser c o n s i s t s  of 4 l aye r s  of dacron web, EEL-W-25361 Type 11, 

r a t e d  t e n s i l e  s t r e n g t h  of 6000 l b s .  (Actual i s  g r e a t e r  than 6000 l b ) ,  

= 4 x 6000 = 24,000 lbs 'ult 

using a design factor of 2.0 

249000 = 12,000 lbs - - 
'a1 1 2.0 

= 7370 lbs 'de" 

12yooo - 1.0 = 0.63 M.S. = 7370 

M.S. = + 63%. 

G.T. Sch je ldah l  Co. Design Report -20- 



I 

8.10 R i s e r  t o  Suspension Line Junc t ion  

There are 8-575 l b  suspension l i n e s  attached t o  each web of t h e  matn riser. 

me load c a r r i e d  by each web/suspension l i n e  combination, assuming equal  
load d i s t r i b u t i o n  is foA. 

, I 
t- 7370 = 1842.50 lbs. 

' 'de" Fo 4 
1 

I '  

The u l t i m a t e  s t r e n g t h  of t h e  8 suspension l i n e s  is: 

= 8 x 575 = 4600 l b s  
pulk 

Using a design f a c t o r  of 2.00 f o r  main riser seam, 

=- 4600 e 2300 1b6. 
Pall 2.0 

2300 
1842.5 M.S. =- - 1.0 0 0.25 

M.S. = + 25% 

8.11 Lower Riser B r i d l e  

Lower b r i d l e  consists of 3 webs of 10,000 lbs nylon, MIL-W-4088 type 

xIX. (10,000 l b  r a t e d  - actual is greater). 

p = 30,000 lbs.  u l  t 
Pd = 1.96 (no hea t  l o s s  f a c t o r )  

r 309000 = 15,306 lb8, 'all 1.96 

15'306 - 1.0 = 1.07 M*S* = 7370 
I 

M.S. = + X07% assurcing load is equal ly  d i s t r i b u t e d  between t h e  3 l e g s  I of t h e  b r i d l e  
I 

8.11a Based on t h e  results of one t e n s i l e  test  on a n  a c t u a l  cons t ruc t ed  

b r i d l e  assembly, t h e  a c t u a l  j o i n t  e f f i c i e n c y  w a s  found t o  be 80%. 

Using a j o i n t  e f f i c i e n c y  of 80% gives a des ign  f a c t o r  of 2.26. 

G. T. Sch je ldah l  Co. Design Report -21 



Then: 

'dev = 7370 

- 30s000 = 13,274 lbs pall * -  2.26 

I 

13274 
7370 M.S. = - - 1.0 = 0.80 

K.S. = + 80% 

8.12 Intermediate Riser 

Riser consists of 4 layers of 10,000 lbs nylon web (rated). 

= 40,000 lbs. 

= 1.56 (no heat loss, line convergence, or asymmetric loading) 

- - 40,000 = 25,641 

= 7370 

P"lt 

fd  

'all 1.56 

'de" 

M.S. = 259641 - 1.0 t 2-40 
7370 

G. T. Schjeldahl Co. Design Report 

M.S. = + 248%. 
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C r o s s  Seam 

in Riser 

M.S. + 25% 

M . S .  + 63% 

L i n e s  

+ 248% 

25% : 

F a b r i c  
+ 177 % 

A 

M . S .  = 
+ 107% 

C 
1/3 F 

1/3 Fo 1/3 F, 

Lower R i s e r  
I n t e r m e d i a t e  Riser 

MARGIN OF SAFETY AT CRITICAL POINTS ON PARACHUTE 



9.0 

9.1  PACKED PARACHUTB 

The center  of gravi ty  of 

CENTER OF GRAVTTY - 

t h e  packed I parachute i s  assumed to be at the 
I .  

center  of the deployment bag. 

9.2 PARACHUTE I N  "STRING-OUT" CONDITION 

- & e, 
m e ,  91 cc u 

r 4  e4 e, e4 W 
(3 

In 0 91 

1- $!l------ v) --[!BT 
P u u  0 u 

u I M ~  Lines 

= *  g 

# - + I n t ermed i a t e X 
Riser 

Main R i s e r  

Because the  parachute materials  are  homogenous, t h e  c .g .  of each com- 

ponent is assumed to  be at  its center .  

'i r + - + cmr) Wir - (4, + G g + Cb + le 2 

+ 'b 
g e + 'mr + 'ir - 2 ) 'b 

4 C d + d  + G b + G  

G.T. Schjeldahl Co .  Desi.gn Report -23- 



I 

With ' the measured weights from Table 11, the  center  of grsvity is 

ca lcu la ted  as: 

(575.9) 'jI = - 13.13 (187.7) + 17.18 (141.0) 
I 2 

I 

+ 39.33 (122.0) + 61.11 (26.0) 

+ 64.14 (24 .0)  + 67.39 (23.8) 

19.58 (51.4) +- 
2 

Q.T. Schjeldahl Co. Design Report 
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'* 

Item - 
D i s c  

TABLE 11' 
.. 

MEASURED WEIGHT BREAKDOWN 

Band (including reef ing  r ings  8r 
post  reef lines) 

Radial Tapes 

Suspension Lines & Post  Reef Lines 

Main Riser 

Intermediate Riser ( including secondary 
riser) 

Br id le  

Total Weight 

G.T. Schjeldahl  Co. Design Report 

Wt. (ounces) 

187.7 

141.00 

51.40 

'122.00 

26.00 

24.00 

23.80 

575.9 

I 

i 
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10.1 3OLL mME3lTs 

10.1.1 Disc 

Ig 

d A -  

f2 d156vd 

mxd y 

unit wt. - -0175 lb/ft2 

January 16,  1968 

Substituting; y = 4 s h  0 

'9 d e  

Ig - 8 1 7 - l b - f G  

10.1.2 

Ig'= m2 

a = 8.81 l b  

r = 13.33 f t  

Ig 1565 lb-f$ 

, 

G, T, Schjeldohl Co. - Design Report -26- 



January iE, 1558 

. : 

10.1.3 k d i a l  Tapes 

For thin rod bent into a circular arc 

Ig = + sin d cosd ) h 2 a 
c = 9oo . 

m r  + Ig = - 
f 

2 

rn = 3.21 l b  
r = 13.33 f t  

18 - 3.21 x (13.33)*/2 

fg = 284 lb - f t2  

10.1.4 Suspension Lines 

xg - d* a i &  /3 

m =  
r =  

7.63 x (39.5)2 x 0.114/3 

454 lb- f t2  

7.63 l b  
13.33 ft \ 
19 . 7O Y 

I 0.114 
39.5 ft 

g 

G ,  T. Schjeldahl Co, - Design Report -2 7- 



10.1.5 Included A i r  Mass -- 
Assuming a hemispherical  canopy, t h e  moment of i ne r tLa  

of t h e  included air  mass is: 
2 
5 Ig = - l d  

Since  t h e  weight of t h e  included a i r  mass is  a f u n c t l o n  of 

a l t i t u d e ,  t h e  moment of i n e r t i a  of t h e  included a i r  mass w i l l  vary with 

a l t i t u d e .  

Ma = Vp0a 

Where V = 

- - 
Po 
a =  

M = 372 Q l b  

Ig = 26,442 Q lb-f t ’  

a 

Canopy volume = 2/3 nr3 

Sea level d e n s i t y  

d e n s i t y  r a t i o  = p/po 

A t  130,000 f t  a l t i t u d e  Ig = 91.22 l b f t ’  

A t  sea level. Ig = 26,442 l b - f t 2  

10.1.6 Total  Roll  Moment of I n e r t i a  - -- 
The r o l l  moment of i n e r t i a  of t h e  riser and b r i d l e  are con- 

s ide red  n e g l i g i b l e  and have not  been included i n  t h e  t o t a l  r o l l  moment. 

G .  T. Schjeldahl  Co. Design Report -28- 



10.2 PITCH AND YAW M3MENTS - OF INERTIA-INFLATED CANOPY 
-e- 

10.2.1 Center of gravity- inf lated canopy 

G.T. Schjeldahl Co. Design Report 

d 

fb 

I 

a = c.g of d i s c  

b = c.g. of band 

c = c.g. of l i n e s  

d = c.g. ,of main r i s e r .  

e = c.g. of b r i d l e  

f = c.g. of air mass 

- 
x = c.g. of system 

g = c.g. of radia l  tapes 

h = c.g. of intermediate riser 

-29- 



January 16, 1568 

Rom flight pnotos, the inflated diameter is approximately 2 Do '5 

 ED - D  

- ., 
3 0  - 013 

2 

c 

- .  

r = 13.33' 

h - r ( l  - Sin 8 )  

6 45 8 P 9 = - x 57.3 - 27.7 degrees 
r 13.33 

s in.8 - -465 . s ,  - . 

h = 13.33 (1 - 0.465) 

h = 7.15 ft 

men; cog. of d i s c ,  a *-a - 3.575 ft 
2.: 

c.g of band, b = r (1-sin- 2 4  x 57.3) 
13.33 

b - 10.90 f t  

c.g of lines, c = r +- 1' 
2 

c - 13.33 + 18.59 

c - 31.92 f t  

c.g. of main 
riser, d - r + 1' + 

2 

d - 52.53 f t  

c - g .  of Inter- 
mediate r i ser  h = 54.56 + 1.0 

h - 55.56 

c o g .  of bridle,a = 55.56 + 4.50 
2 

e - 57.81 ft 

c.g. of included a i r  mass, f - r - r 5 
f - - r  5 

8 

f - 8.35 ft 

C. T. Schje ldah l  Co, - Design Report 
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January 16, 1468 

c o g .  of rad ia l  tapes, g -3 e- 1) - -56- 
T a  

g - 4.835 f t  

cbg- of system, X, - IILllqfisL 

Where W -Weight of i th component 

Xi = cog of 1 t h  component 

Since the mass of the included air is a function of a l t i t u d e ,  the 

C.S. of the system w i l l  change w i t h  a l t i tude .  

(575.9 + Ma) = (3.575)(187.7) + (141)(10.9) + (122)(31.92) + (26)(52.53) 

+ (24)(55.56) + (23.8)(57.81) + (51.4)(4.833) + (8.35)(Ha) 

Where Mi is given in  ounce8 

xi is given in  feet 

Ma - mass of included air 

X = 10,424.4 + 8.35 1J. 

575.9 + )(. 
Evaluated at 130,Ooo It altitude, Ha = 20.5 OS 

X 
10.2.2 Moment of inert ia-dlsc  

x z +  9 -  9 
dm - 27Tx d9 

-fy2d. [ Z r X  .L\Wd 

Awd ,0175 l b / f G  

Awa 
-46% 

C. T. Schjeldahl 00. - Design Report -31- 



10.2.3 

. ,  . 
-, 

Ix 573 lb - f t z  

. -  

- I  + m  
X 

I 
c.0 

sye tea 

I 573 + 11.7 [(14.19512 - ( 9 . 7 5 5 ) j  
C . 8  

system 

I = 1816 l b - f t 2  
cog 

system 

Moment of Inertla-Band 

Ig - m  (6r + h ) 
12 

2 2  

Ig - A  8 8  (6 x 13.33' i- 
12 

8 

4.8') 

Ig = 800 lb - f t2  

I = 800 + 8 .8 (2  - 
C.8 

sya tern 

I 5 800 + 8.8(17.77 - 10.90)* 
c*g 

system 

I - 1216 lb - f t2  
e - 8  

sys tern 

10.2.4 Moment of I n e r t i a  - Radial Taper 
16 
Semi-circular 
radia l  tapes mx I ,  = 16 (mr2/2) 

I, - 4563 lb-ft2 

= Ix + m (x - - (r - g ~ ]  
I C.8  c- 
I (12.935)*- (8.491)2] 

sys ten 

c.g 
rye tam 

I = 4868.4 lb-fc2 
=ell 

r y s t e o  

G .  T. Schja ldah l  Co. - Design Report -32- 



10.2.5 Moinea; of Inertia-Suspension Lines 
2 2  

12 

U - 70.4O 
Ig - mL sin Q 

. sirn = -942 

Ig = 880 lb-ftZ 

I = 880 + m ( c - 3 )  
c-g 

sys tern. 

I = 880 + 7.63 (31.92 - 17077)2 
=.g I 

sys tern 

I 2408 lb-fG 
c.g 

sys tern 

10.2.6 Monent of Inertia-Main Riser 

2 Ig = & 
2 

1 63 2 Xg L (4.06) 
12 * 

Ig 9 2.23 lb-fG 

riser 

+g 
I 2.23 + 1.63 (d - G)2 
c-g 

system 

= 2.23 + 1.63 (52.53 - 17.77)2 
2 1972.23 lb-ft 

10.2.7 Moment of Inertia - Intermediate Riser 

Ig = & 
12 

Ig = A 1 5  x (200) 2 
12 

Ig - 0.50 lb-f$ 

IC.8 0.50 + 1.5; 

=c.g 

1c.g - 2146.5 lb-ft2 1 

0.50 + 1.5 (55.56 - 17.77)2 

G. T. Schjcldahl Co. - Design Report -33- 



January 15, 1466 
10.2.8 Moment of Inertia - Bridle  . 

2 2  , .  - 1 r ~ .  o i o  
12 

sin - - 82' ,930 
, . .  . . fi,. . .  

Ig - 1.50/12 {4.50)2 (0.990)2 

Ig = 2.48 l b - f t  

I 

2 

2 2.48 + 1.5 (57.81 - 17.77) 
= .8 

s y s t e m  

I - 2404.48 lb-ft' 
c.g 

sys tern 

10.2.9 Moment of Inert ia  - Included A i r  Mass 

Ig - .26 a2 

Ig = -26 x 1.3 x 177.69 

Ig - 60 lb-ft' . 

I 60 + 1.3 (x - f)* 
c .g  

aystem 
2 = 60 + 1 .3  (17.77 - 8.3s) 

I = 173.6 l b f 2  
=.g 

eys tea 

10.2.10 Total Pi tch  and Yaw Moment of Inertia 

The total  pitch and yaw moment of iner t ia  a t  130,000 f t  

a1 titudc t 

I - 17,005.21 lbf3 
*%tal 
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11.0 POST REEFING SYSTEM - 
To o b t a i n  an equi l ibr ium descen t  v e l o c i t y  of 40 ft/sec a t  4000 f t  

a l t i t u d e ,  the parachute must be ree fed  t o  provide a smaller d rag  area <% SI. 

W = -  
(%‘)Reefed p v2 

12 
where: V =  40 f t / s e c  

p = d e n s i t y  a t  4000 ft 
= 142.07 ft’ (CDS)Beef ed 

(CDSl0 = 628.32 f t 2  where: (CDS)o = unreefed d r a g  area 

then: 

Therefore ,  t h e  d rag  a rea  r educ t ion  required = 77.39%. 

The r e e f i n g  l i n e  diameter required t o  o b t a i n  a reefed d rag  area of 

142.07 f t 2  is  found by t h e  methods presented i n  r e fe rence  1, based on a 

f l a t  circular canopy. 

D Reefing l i n e  diameter( RO) 
F 1 a t  D i a m e t e r  - c =  

D i a m e t e r  of Reefing l i n e  of Reefed Parachute ’ = Diameter of Reefing l i n e  of F u l l y  I n f l a t e d  Parachute  

The diameter  of t h e  r e e f i n g  l i n e  c i rc le  is then  given BS 

Dai = Do x C x 6 

From t h e  curves presented i n  r e fe rence  1: 

C = 0.65 

6 = 0.31 

G.T. Schjeldahl  Co. Design Report -36- 



then: 

I) = 40 x 0.65 x 0.31 = 8.1 f t  
Bi 

t hen  t h e  r e e f i n g  l i n e  circumference i s  25.5 feet. 

I n  o r d e r  f o r  t h e  r e e f i n g  l i n e  to operate  on a non-interference b a s i s ,  

it should be equal i n  l eng th  t o  the  circumference of the Band. 

Band Circumference = 91.5 f e e t  

Reefing loop circumference = 91.5 f e e t  

Reefing l i n e  take-up = 91.5 - 25.5 = 66.0 f e e t  

The r e e f i n g  method used g ives  f o u r  f e e t  of take-up f o r  each one 

f o o t  of secondary riser extension. 

Therefore ,  t h e  length of secondary riser must be 66/4 = 16.5 f e e t .  

G.T. Sch je ldah l  Co. Design Report -37- 
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APPENDIX A 

DETAILED WEIGHT BREAKDOWN 

OF 40 FT DGB'S 

S/N 671, AND S I N  672 

! 



.. 

.- - .  - . _  . .  . .  . .  ._ . - .  

.. . .  
. .  

. .  , 
'.' WEIGHTS- OX 40' Do DGB PXL4CEUTE SYSTEPIS 

S/N 671 S / S  672 

lb oz lb oz 

- .  
. I : .- .. . . .  . .  

- .  . 

:. . . 

Deployiwnt Bag 1 3  

Upper R i s e r  1 10 
\ In t e rEed ia t e  Riser 1 8 

Upper L a t e r a l  Tapes IJ/Spl-ices 1.2 

' Bridle 1 7.8 - 

Reefing Rings - 30 each 2-75 

Lower Tzpe or' D i s c  "A!' 
Top Tape of Band "B" 
Bottom Tape of Band "C" 

6.7 
6.7 
6.7 

Gap Reinforcing ?.=pes - 32 each 
Radial  Tepes - 32 each 3 
B m d  Less "B" & "C" Tapes 
Band b?/"B" & "C" Tapes 
Disc Less Top & Bottox Tape 11 
D i s c  t?/Top 6- Botton Tape . 11 

7 
8 

CEROPY Disc & Band !.?/32dial Tzpes 
(Less Reefing Rhgs , Post Reefing 
Loop, Post Reefing Llnes and 
Suspension Lines) 23 

Suspension Lines - 32 each 7 
Caxopy \*?/Suspension Lines & ~ e e f i n g  

Rings - 30 
Canopy W/Suspens i o n  Lines ,  Reefing 

Rings, Post Reefing Loop, and 

-To tal Canopy 34 
Post Reefing Lines  32. 

. .  
. . .  

. *  

.. . . 
. 

\ 

5.4 
3 . 4  
3 
2 . 3  
2 .4 

11.75 

14 
2 

12.8 

3 .4  
.4 

- 1  
1 
3 

3 
7 
8 
11 
11 

23 
7 

3 1  

32  
34 

13 
7.8 
10 
8 
2.75 

. 1.2 
6.7 
6.7 
6.7 
5.4 
3.4 
3 
3.1 
2.9 

12.5 

15 
1 

2 

5.3 
- 9  



APPENDIX B 

SECONDARY RISER LOADING 



The l o a d  developed i n  t h e  secondary riser du r ing  p o s t  r e e f i n g  of t h e  

parachute is analyzed as a func t ion  of t h e  r e l a t i v e  v e l o c i t y  between t h e  

parachute and payload a f t e r  t h e  intermediate  riser is disconnected from 

t h e  main riser. 

The relative v e l o c i t y  between payload and parachute  is a f u n c t i o n  of 

t h e  t e n s i o n  i n  t h e  post  r e e f i n g  l i n e s  and the  payload weight. 

Assuming a l i n e a r  s t r e s s - s t r a i n  r e l a t i o n  f o r  t h e  secondary riser, t h e  

snatch f o r c e  i n  t h e  secondary riser is given as: 

where AV = relative v e l o c i t y  

= u l t  s t r e n g t h  = 2000 lb 

= break e longa t ion  = 20% e max 

The relative v e l o c i t y  between parachute and payload a f t e r  disconnect 

is determined as a f u n c t i o n  of t e n s i o n  i n  the pos t  reef l i n e s  a t  75,000 f t  

a1 t itude.  

VELOCITY OF PARACHUTE . ' - 
Assume a n  average d rag  a r e a  of O.62(CDS), 

dur ing  t h e  r e e f i n g  process.  

Then: 

+ 2T cos 8 
where = 'parachute 

= 0.62 x 0.52 x 1256.64 
cDs 
CDS = 413 ft' 

e = ig.so, COS e = 0.941 t 
'Parachute 

t 



I 
I 
I 

a 
I 

3 
'j 

I 
I 
I 
I 
I 
I 
I 
I 

Tension v a l u e s  are then a r b i t r a r i l y  s e l e c t e d ,  and t h e  corresponding 

pa rachu te  v e l o c i t y  is c a l c u l a t e d  (see Table I b e l o w ) .  

TABLE I 

T ( lb )  2T cos c) 

0 0 

20  37.6 

40 75.2 

6 0  113 

80 150 

W (lb) 

35 

72.6 

110.2 

100 188 

185 

223 

120 226 261 

39.4 

58.5 

73 

85 

96 

111 

114 

VELOCITY - OF PAYLOAD (Neglecting Drag) 

T T . - 2T cos 8 d v  
d t  

dv d t  

M - = WPmL 

- 2T COS W M - o - - . v =  
d t  d x  wP.L. 

(WPeL - 2T COS 6 )  Vo' 
M /GI +T V3 

2 
- =  

where 1 = l e n g t h  of secondrary 
8 riser = 16.5 f t  

V = payload v e l o c i t y  at t i m e  
of disconnect  0 

V = 81 f t / s e c ,  Vo' = 656 wP. L. 
0 

-B-2- 



. .  

i 

TABLE I1 
I 

Payload Velocity VB T 

, (1) (2) (3 )  (4) (5) 

, (3) + VO” 
- 2T COS u ‘WP-2T COS e‘,&* 

2‘ M 
wP.L. T ( l b )  

87.6 4 .763 x 10 

86.2 4 20  205.4 .746 x 10 

85.0 

83.2 

82.4 

81 -5 

80.6 

4 

4 

4 

4 

,729 x 10 4 

4 

40 167.8 .073 x 10 

.713 X 10 60 130 .OS7 x 10 

80 93 .041 x lo4 .697 x 10 

4 .663 x 10 4 

100 55 .024 x lo4 -680 x 1 0  

120 17 .0075 x 10 

REJATIW3 VELOCITY (AV) 

TABLE 111 

T vP.L. ’Parachute AV 

20  

40 

6 0  

80 

100 

120 

87.6 

86.2 

85 .0  

83 .2  

82 .4  

81 .5  

8 0 . 6  

~~ 

39.4 

58.5 

73.0 

85.0 

96.0 

111.0 

114.0 

48 .2  

27.7 

12 .0  

3420 

1970 

85 0 

- 



i 

As shown by Table 111, with a tension of 60 lbs  i n  t h e  post reef l ines ,  
I , 

t h e r e  would be no r e l a t i v e  v e l o c i t y  be twenparachu te  and payload. *.Any t e n s i o n  

less than 60 l b s  w i l l  a l low t h e  payload and parachute  to separate .  

With zero t ens ion  i n  t h e  pos t  reef  l i n e s ,  t h e  secondary riser loading 

exceeds t h e  u l t i m a t e  s t r e n g t h  of t h e  secondary riser. 

No known a n a l y t i c a l  method f o r  determining t h e  t e n s i o n  in t h e  p o s t  reef 

l i n e s  has  been founa. 

e f f e c t  on t h e  secondary riser i f  t he  post r e e f i n g  l i n e s  f a i l e d  du r ing  d i s -  

connect. 

This  a n a l y s i s  was made p r i m a r i l y  t o  determine t h e  
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. 
TEST ITEH PROJECT 

MAIN RISER WEB JOINT E092 

PURPOSE x ULTIMATESTRENGTH X POINT OF FAILURE 

x EFFICIENCY OTHER 

I -  

REQ7ESTED BY - DATE APPROVED BY 
R. LEMKE 6-14-67 

I 
I 

i 

TEST METHOD 

IMSTRON TENSITE TESTER, 5 in/min JAW SEPARATION RATE, 
18 INCH JAW SPEED 

R. IDfKE 

TABLE 

SAMPLE 

- 

1 
2 
3 

. AVG. 

TENSILE 
STRENGTH ( l b s )  

7000 
7050 
7200 . 

7083 . 

.. 
RESULTS 

CONMENTS 

ALL SAYPLES FAIJXD I N  WEB 
STITCHIIU'G. RATED STKENGTH OF 
1-IIL-W-25361, TYPE 111 DACRON 8 -  

WESBING IS 7000 Lb. 

MINIHUM JOINT STRENGTH/RATED WEB STRENGTH x 100 
JOINT EFFICIENCY = 7000/7000 x 100 = LOOZ 

CONCLUSIONS 

JOINT ACCEPTABLE FOR USE, AM) EIEETS DESIGX R E Q U I m E h d  
r i  

TESTED BY: L! ./-.. A, . , / - I , -  DATE TESTED:(- -. c.27 - - - -  
f /  

. 4-1- 



.. 

EST I= 

INTER~EDIATE RISER 

PROJECT 

UOSZ 

?URPOSE X ULTIMATESTRENGI'H X POINT OF FAIWRE 

REQUESTED BY 
R. T.EMlCE 

X EFFICIENCY OTHER 

DATE APPROVED BY - 
7-12-67 R. ZEMKe 

PEST METHOD 

TINIUS OTSOX TENSILE TESTE-R, 14 INCH JAW SPREAD 
. 4% i n / m i n  JAW SPEED . 

TAB= 

SAWLE 

1 
2 

AVG. 

TENSILE 
STRENGTE (Ibs) 

26,250 
25,650 

25,950 

I .  

COMMENTS 

skmxs FAILED AT LOOP END 
OF RISER, JOINTS SHO-mD NO 
SIGN OF DANAGE. - .  

. .- 

RESULTS 

JOINT EFFICIENCY IS 100% SINCE KO FAILURES OCCURRED I N  JOINT 

CONCLUSIONS . 

RISER COXSTRUCTIO'IU' ACCEPTABLE FOR INTEaED USE, AX) MEETS 
DES IGY REQ'nREXE,YTS . 

TESTED BY: . I ,  -- DATE TESTED: 7-12-67 . 
1 

4-20 



. 

_TEST ITEn 

BRIDLE LEG 

.. 
I 
B 
P 
II 

PROJECT 

15092 
I 

.- -_I_-- -- ---.- - 

DATE - REQUESTED BY 

R. LE*IKE 7-12-67 

APPROVED BY 

R. IEMKE 

TABLE - 
SAI4PT.E 

1 
2 
3 

AVG . 

TENSILE 
STRENGTH 

9 150 
9750 
9550 . 

. 9483 

.. 
RESULTS 

COMMENTS 

ALL SA?.IPIES F A I U D  AT END 
OF JOINT STITCHING ;- . .  

CONCLUSIONS 

JOINT EFFICIEflCV ACCEPTASLE A Y D  FEE 'S  DESIGN REQUIRE%=. 
r f  

I 

4 - 3 -  . 



'EST ITM 

SUSPEXSIOX L I Z  TO RWIAL TAPE 
1 

'URPOSE x ULTIMATE STRENGTH POINT OF FAIUTRE 
x EFFICIENCY ' OTHER 

1 

mST METHOD . 

PROJECT 

15092 

INSTRON TEIU'SIU TESTER, 12 IRCH JAW SPREAD, 12 inlrnin JAN SEPARATIOX 

I 
DATE APPROVED BY EQ'JESTED BY - 

6-5-67 R. LEMKE R. LENKE 

TABU 

SAMPLE 

L 
2 
3 

- 

AVG . 

TENS IZE 
STRENGTH (lbs) 

475 
550 
585 

536 

. .  

SAMPLES FAILED I N  RADIAL TAPE .- 
- .  UIOP . .  

. .  

RESULTS 

JOINT EFFICIENCY = :.IiNPm.I JOIKT STREXTH~IINPRJX TAPE STRENGTH = 
475/510 x 100 = 93.52 



TEST REPORT - .  

SUSPENSION LINE TO MAIN RISER 

TEST ITEM 

15092, 

PROJECT I 

REQUESTED BY 
R. LEMKE 

DATE APPROVED BY - 
6-6-67 R. LEMKE 

INSTON TENSITE TESTER, 12 INCH JAW SPREAD, 12 in/min SEPARATION RATE 

TABLE 

SA_IIIPLE STRENGTH (lbs) 

- 
TENS 1T.Z 

1 
2 
3 

4400 
4290 
4200 . 

AVG. 4296 . 

.. 
RESULTS 

SANPLES NO. 1 h D  3 WERE TESTED 
AS A GROUP OF EIGHT LINES, AND 
ON SAMPLE NO. 2 ,  LINES WERE TEsTEl 
INDIVZD'JALLY AND STRENGTHS ADDED. 
IN ALL SANPLES, FAIWRE WAS IN 
LINE, NOT JOINT. 

JOINT IS 100% EFFICIENT SINCE NO JOINT FAILURES OCCURRED. 

CONC LUS IONS 
JOINT ACCEPTABLE FOR INTENDED PURPOSE, AND MEETS D E S I a  
REQUIRE?~YT ,. 

I :  
DAW 'FFCTED: 7 / 1 1 / 6 7  - -  TESTED BY:/ .,I [ *..>- 

i / /  F-- 

. _  

. -  

4 - 5 -  

I--- 2-c- -- 
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REQ’JESTED BY 
R. Lemke 

TEST REPORT 

DATE 
6-5-67 
- 

TEST ITEH 
iadial Tape To Vent Reinforcement Tape - 
had Applied To Radial Tape 

PROJECT 

15-032 
I 

PURPOSE AULTIMATE STRENGTH r( POINT OF FAILURE 
OTHER 

-- ---. g EFFICIENCY 

TEST METHOD 
nstron Tensile Tester, Jaw Spread, 5 inches, Jaw ?peed 6 in/min. 

I 

Sample 

1 -  

Tensile 

57 0 

e . 620 

3 630 . 

L I 660 

.. 

620 lb. 

I R. Lemke By 

COMMENTS 

Avg Ultirate Strength of Dacron 
Tape is 611.6 based on controI ._ 
sample tests. 

- .  

RESULTS 

570  
Min. j o i n t  strength/  min. tape strength x 100 = - 5 75 x 100 = 99A. 

CONCLUSIONS 
Joint Etrength Is Acceptable For Intended Applicalion and Bieets Requirements. 

P 1- 

TESTED BYZ/!- --- -j-- 1- -j, ,. - , I DATE TESTED: c. - -5 -de 7 
/ /  

i 

4-60 



WEST ITEM 

1500 lb. Dacron Urn. 

TEST METHOD 
[nstron Tensile Tests, 4" Jaw Spread, 12 inch/min. Crosshead Speed 

PROJECT 

15092 

TABLE 

Sample Number Tensile 
Strength 

1 

2 

Avg 

.. 

2500 

2700 

. 2SCClbs. 

One end of sample contained a 
loop through which a 1/2"-dia. '- 
pin was inserted for test. Other 
end was claxped in smooth jaw. . .  - 

RESULTS 

Line Broke Remote From Loop or Clamp. 

CONCMls IONS 

Line Acceptable For. Application Intended. 
. /  I I )  1 

4 - 7 0  



. 
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TEST ITEM 
550 lb. Dacron Line - Pioneer Parachute CO 
Specification E-OGS7-2 

P 

PROJECT 

. 
15092 

TABLE 

Sample 
No. 

1 
2 
3 
4 
5 

A v g .  

- 

------- 

REQUESZD BY 
R .  Lernke 

Tensile Elong % 
Ob. 1 

650 44 
650 44 
660 44 
610 49 
630 60 

640 Ib 48 % 
------.-------- 

1 ” ”  
6-6-67 

RESULTS 

APPROVED BY 
R. Len--e 

Samples Broke at Jaw 
. I- . . .  

. .  - .  

Average Strength Well Over Rated Strength of 550 # 

-. - .  

CONCLUSIONS 
Line Acceptable For Intended Use. Exceeds Design Requirements. . 

/ . *  - .. 

.. 

4-8- 

t 
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REQTJESTED BY 
R.  Lemke 

"EST REPORT 

1 n 

DATE 
7 

6-5-67 

TEST XTEH I Tape Eplice - 550 15s. Dacron Tape 

PROJECT 

15092 

1 
PURPOSE XULTIMATE STRENGTH XPOINT OF FAILURE 

OTHER 
-----I -. - -- X EFFICIENCY 

I TEST METHOD 

Instron Tensile Tester, Jaw Spread 5. inches, Jaw Speed 6 in. /min. 
I 

TABIS. - 
Sample Tensile Strength 

1 510 

2 560 

3 510 

4 560 

APPROVED BY 
R. Lemke 

Avg tensile Strength of Dacron tape, 
lot no. 2344 was 611.6 lb. joints,faile 

at end of stitching. 

8 

RESULTS 
Joint Efficiency = E1in.Joint Strengthhin . Tensile Strength of Tape X 100 = 
c_ 510 .x 100 = 84% 
6 1 0 .  

4-9- 



I 
I .  
I 
1- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -  
I 
I 
I 
I 

TEST ITEM 

Dacron Tape, 3/4 Wide, Balley Ribbon 
Lot NO. 2344. 

TEST REPORT 

PROJECT 

15092 

REQ'JESTED BY 
R.  Lemke 

OTHER -----. EFFICIENCY 

- DATJl APPROVED BY 
5-16-67 R. Lemke 

TEST METHOD 
lnstron 'i'ensile Tests, 4" Jaw Spread, 12 inch/min. Crosshead Speed 

TABLE - 
Sample 
Number 

1. 

2. 

3. 

Avg. 

RESULTS 

Tensile (lb) Elong 9& 

670 

590 

575 

611.6 

33 

31 

31 

31.6% 

All Samples Failed At Edge of Jaws 

ColyMENTs 

i- - -  

CONC LUS IONS 
Material Suitable For Use In Fabrication Of 40-foot D. G. B. '8  

. 4-16. 



TEST REPORT 

REQUESTED BY 
R. Lemke 

~ 

TEST ITEH 
2.-0 oz/yd2 Dacron fabric, 15586, lot no. 
2344 

DATE APPROVED BY - 
5-16-1967 R. Lemke 

PROJECT 

15092 
~ ~ 

PURPOSE y ULTIMATE STKENGlX y POINT OF FAILURE 
OTHER --- --A EFFICIENCY 

TEST BIETHOD 
Instron Tensile Tester, CCC-T-19lb method 5100. 

I 

TABLE - 
Wa 

Tensile 
1. 110 

2. 105 

3. 110 

P 

Elong% 
36 

38 

42 

Fill 

Tensile 
105 

110 

110 

.. 

- 
Elong' - 
42 

39 

42 
----. 
41% 

I 

COMMENTS 

i- . .  - .  

8 

RESULTS 

All Samples Failed at Edge of Jaws. 

CONCLUSIONS 
fiiaterial Suitable for Use in Fabrication of 43-foot D. G. B. Parachutes. 

-r c > 

I 1 ,  . 

-c-11- . 
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TEST REPORT 

TEST ITEH PROJECT 

I 
2.0 oz/yd2 Dicron Fabric, 1558?3, lot no. 15092 
2097 

PURPOSE X ULTIMATE STRENGTH XPOINT OF FAIUJRB 
OTHER ------- EFFICIENCY 

TEST METHOD 
Instron Tensile Tester, CC-T-19lb method 5100 

REQUESTED BY 
R. Lemke I ” ”  5-16-67 

TABLE - Warp 
Tensile 

104 

84 

107 

Slonflo 
41 

43 

45 

Fill 
Tensile 

113 

104 

110 

.. 

:long% 
47 

35 

38 

APPROVED BY 
R. Lemke 

ColYMENTs 

RESULTS 
All Eamples Failed at Edge of Jaws 

.& 

CONCLUSIONS 

Material Lcceptable for Use i n  Fabrication of 40 foot I). G. B. 
f7 /*  ,. 

I PAT? ‘“‘‘”TED: <-- /L.- 6 7 
J /  

-- TESTED BY: ‘! /* L, it 1 ,  _. -< 

4-12- . 



l’EST I= 

Main Seam 

.- OTHER -- )( EFFICIENCY 

TEST METHOD 

PROJECT 

15092 

Instron Tensile Tester, CCC-T-19lb. method 5100 

REQTSESTED BY 

R. Lemke 

TAB= - 
Sample No. 

1 

2 

3 

4 
Avg 

L 5-15-67 

Tensile 
Strength 
(lbs/in. ) 

104 

a4 

115 

90 
.. 98.25 

.fin. seam strengthhinimum 

APPROVED BY 
R. Lemke 

C M N T S  

Avg. m a t e r i a l  s t r e n g t h  is 
. I- - .  109 lb / in .  

8 

m a t e r i a l  s t r e n g t h  X 100 = 

’ 84 . x 100 = 100 j o i n t  e f f i c i e n c y  

If thread strength had been taken i n t o  account i n  the min. 

material strength, the j o i n t  e f f i c i ency  would be s l i g h t l y  less 

than 100%. - 

J o i n t  acceptable f o r  a p p l i c a t i o n  i n t e n d e d  
a n d  meets d e s i g n  r e q u i r e m e n t s .  

CONCLUSIONS 

TESTED BY:) __--. ‘ / * j -. 9 I -  ., . DATE TESTED: 3- /c- - < -3 
// 

- 

. 

4-1 3- 
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* 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TEST REPORT 

TEST ITEM 
Cross Seam I 

I 
WRPOSE X ULTIMATE STRENGTH x POINT OF FAILURE 

OTHER -- --.- - -._--- K EFFICIENCY 

TEST EETHOD 

Instron Tensile Tester, CC-T-19lb, method 5100 

- DATE APPROVED BY REQUESTED BY 

R. LRmke 

TABU3 - 
Sample Number 

1 

2 

3 

4 

RESULTS 

I R. Lemke 1 5-16-67 

Tensile No. 
(Ib/in ) 

89 

92 

88 

.84 

88.25 
. .  

Avg. tensile strength of fabric 
in fill direction, lot no. 2097 ;- 
is 109 Ibs/in. 

. .  

- .  

Min seam stren,sth/min 3Zat*1 strength X 1CO = 100 % = seam efficiency. 

If the  thread strength had bezn taken in to  account i n  min. material 

strength, j o i n t  e f f i c i e n c y  would be s l i g h t l y  less than 100%. 

CONC LUS IONS 
Seam Strength is -2cceptable for !$plication Intended and Meets Design 
Requirernentd {- 

PAW -"TED- - -$--/(- -<; 7 TESTED BY:X /-,( 1- - - ' . < - ,  

/ /  

4 

4 - 1 4 .  
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ou t  condi t ion .  Check the  parachute t o  assure  that  t h e  
d i s c  has not  inver ted  through one of the  gap openings. 

Attach a t i e  cord ' f rom t h e  parachute vent l i n e s  t o  t h e  
packing t a b l e .  Working from the  riser end, put t h e  
parachute  under moderate . tensioh (about 20#) and secure 
t h e  riser t o  t h e  packing t ab le .  

Check a l l  suspension l i n e s  t o  a s su re  t h a t  they a r e  not  
knot ted ,  tw i s t ed ,  or tangled. 

1. Lay the parachute on t h e  packing table i n  the  s t r e t ched  

2. 

3. 

4. Place a l l  canopy material on one s i d e  of suspension 
l l n e s .  Then change t o  opposi te  s i d e ,  one gore a t  a 
t i m e  i n  such a way t h a t  t h e  ma te r i a l  is la id  nea t  and 
f l a t .  

. 

5. After each gore h a s  been inspected and  l a i d  o u t ,  t h e  
gores a r e  t o  be divided so t h a t . g o r e s  1 t o  16 a r e  on 
one s i d e ,  and gores  17-32 a r e  on the  o ther  s ide .  

6 .  Inspec t  each gore t ape  t o  assure  t h a t  a l l  a re  l a i d  wi th  
t h e  same s i d e  up, and t h a t  no t w i s t s  a r e  i n se r t ed  in the 
tape8 Ln t h e  band and gap areaa.  

7. Because of t h e  bulk iness  of the canopy i n  the  vent  arca, 
t h e  gore. edges a t  t h e  vent cannot be folded t h e  same 
as t h e  main pa r t  of t h e  gore. A t  the v e n t ,  eve ry  o t h e r  
gore i s  fo lded  i n  on both  s ides  of t h e  s tack,  a s  i l l u s -  
t r a t e d  in PWre 1. 

8. me pos t  reefing l i n e s  should now be s t ra ightened  and 
placed in t h e  lower edge of the  canopy gore f o l d .  

r 
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STACK AT VENT 1.:. FIGURE 1 
NOR;?IAL STAM 

3.  After the  fo ld ing  of the gore material is  complete, 
place weights on the  canopy t o  maintain the f o l d s ,  and 
weight t h e  upper  rfser t o  maintain tension i n  t he  suspe 
l i n e s  when the t ab l e  t i e  cords are removed from t h e  ven  
l i n e s  and riser. 8 

LO. Rgmove weights from the rfset and fo ld  t h e  suspension 
l i n e s  (as a s i n g l e  u n i t )  into ten-inch accordian f o l d  
loops ,  holding the ends of the  loops i n  place with 
rubber bands. These rubber bands are t o  be removed 
vhen the  parachute i s  placed i n  the deployment bag. 

11. %o long s t r i p s  of 10 mil EIylar are to  be used as a 
f o l d i n g  j i g  t o  make the lengthutse canopy folds. 
t w o  f o l d s  a r e  made lengthwise and these  are  one each 
f ive- inches out from t h e  cen te r - l i ne  of the canopy. 
One edge of the  gore stack fs folded up and l a i d  over 
t h e  t o p  of the o r i g i n a l  s t a c k .  
folded dawn and under t h e  o r i g i n a l  atack. As a result  
t h e  suspension l i n e s  go C o - t h e  cen te r  of the folded 
parachute (See Figure 2) 

Only 

The other edg8:in 

R A N D '  

FICURE 2 

IEV 

ion 

CHANGED 
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12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Place a 1-3/4 wide by 114 t h i c k  c l o t h  webbing i n s i d e  
the  riser p ro tec to r  f l o p s  t o  s imula te  the  s taved rise1 
and t ack  in place  w i t h  a e v e t a l  loop8 of thread. 

I n s e r t  t h e  deployment bag i n  t h e  shipping con ta ine r ,  
GI3 P/N 1004797. 

F o l q J h e  bag f l a p s  over the  t i p  rim of t he  can and t i e  
t h e w t h e  bottom us ing  a web s t r a p  as a bottom t i e  
(See F i g u r e  3) 

FIGURF 3 

MYLAR LINER 

BAG FLAP 
SHIPPING COhTAINER 

TIE CORD 
PARACHUTE 

WEBBING 

Fas ten  a 6 foot long break cord of 300 lb. tensile 
dacton from t h e  i n s i d e  base of t h e  bag t o  t h e  canopy 
ven t  l inea.  

The canopy is now ready f o r  i n s e r t i o n  i n t o  the  deploy- 
ment hag. 
yond tho l eng th  of t h e  deployment bag. Therefore a 1 C  
m i l  Mylar l i n e r  is  t o  be  in se r t ed  in  the deployment 
beg which is approximately 4 inches longer than the  
bag. 

The l o o s e l y  folded canopy w i l l  extend be- 

The canopy vent  is placed i n  the bag f irst .  The canopy 
is then  accord ian  fo lded  i n t o  the  bag in such a way 
t h a t  the  bag i s  completely f i l l e d .  Care must be taker 
t o  assure t h a t  f o l d s  are neat and long enough t o  f i l l  
a l l  a v a i l a b l e  spaces  (See Figure 3). ’ 

Continue packing t h e  parachute i n t o  t h e  deployment bag 
u n t i l  t h e  bag i 8  completely f i l l e d .  
c m p a r r  a l l  of d i s c  po r t ion  of t h e  canopy. 

This should ctl- 

Place sh ipping  con ta ine r  with deployment bag in8 idc  
under the pres s  and s l a v l y  press  parachute i n t o  the 
bag. When more space is  obtained by t h i s  method con- 
t i n u a  packing remainder of parachute. Presr a8 f a r  
i n t o  ba 
DremUr’E- 

a8 porsLble and l e t  s tand  20 minutea under 

ice 

- 

CHANGED 
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20 

I 

21. 

22 . 

23. 

24. 

25. 

26. 

Fold t h e  suspension l i n e s  i n t o  t h e  bag i n  accordian 
fash ion .  
each l a y e r  s h a l l  be folded perpendicular t o  the  pre- 
ceding l a y e r  t o  prevent t h e  p o s s i b i l i t y  of l i n e  en- 
tang lcment. 

Several l a y e r s  of l i n e  wi l l ' be  r equ i r ed ,  an 

The entire upper riser is then tolded i n t o  t h e  deploy 
ment bag. Af t e r  pressure  packing, a por t ion  of t h i s  
riser w i l l  be ou t s ide  the  bag when it is  f i n a l l y  t i e d  
off.  

Us ing  t h e  packing p r e s s .  slowly press  parachute inho 
t h e  bag u n t i l  it is  below t h e  bag mouth. 
liner a t  t h f 8  the. 

Remove Myla 

Tbe f i n a l  p ress ing  of t h e  parachute  into t h e  bhg s h a l  
be gradual  t o  allow s e t t l i n g  and escape of entrapped 
air. A f t e r  the  parachute i s  pressed completely i n t o  
t h e  bag, t h e  system s h a l l  be  allowed t o  s e t  f o r  about 
1/2 hour. 

Before t h e  f i n a l  bag c losu re  is performed. t ack  t h e  p 
r e e f i n g  l i n e s  t o  t h e  main r i s e r  w i t h  2 loops of dacro 
th read  making Burt  t h e  two post r ee f ing  l ine r ,  a re  on 
t h e  c o r r e c t  s i d e  o f  t h e  main riser. 

Bag Closure-St r ing  a 1000 pound l i n e  through t h e  bag 
t i e  loops. 
bag u n t i l  t h e  kn i f e  is al igned with the  bag loops. 
bag mouth i r ,  then pul led closed using t h e  1000 pound 
l i n e .  (The packing press  m y  be required t o  ass ia t  i n  
the  c l o s i n g  operat ion) .  When the bag mouth i s  pulled 
c losed ,  t i e  off  the  1000 pound l i n e .  N o w  st r ing a 30 
pound dacron l i n e  through t h e  bag t i e  loops and throu 
t h e  kn i f e  on the  upper r i s e r .  P u l l  tight and t i e  o f f  
CAUTION: REMOVE THE SAFETY LIm BEFORE FLIGHT. 

Pul l  t h e  upper riser out of  t h e  deploymen 

Place cover on shipping c o n t a i n e r  and b o l t  it i n  placl 
e 

- 
IEV. 

t 
'F 'a 

- 
I C 0  CHANGED 



a 

Figure 3 Parachute Folded ton,itudinallY D-5 
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F i g u r e  4 Fo lded  Suspension Linea D-6 
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Figure 5 Typical Pressure Packing D-7 


