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ABSTRACT

This document is intended for use as a design handbook for the Ringsail
parachute. It begins with an historical review of the aerodynamic and
structural development of the parachute, including the development of the
modified Ringsail design used in the Apollo ELS main parachute cluster,
Salient characteristics of all Ringsail parachutes fabricated and tested over
the past 16 years are summarized., An exposition of the present status of
Ringsail design and operational theory, with special emphasis on a general
theory of the inflation characteristics of clustered canopies, is given,

Accumulated performance and weight data are presented in tabular and
graphical form. A detailed step-by-step procedure for the design of the
Ringsail parachute is given and illustrated by numerical example, Perti-
nent design analysis methods are described including the recently improved
computer methods of opening load prediction and stress analysis, Con-
struction details and fabrication and assembly procedures in which the
Ringsail parachute differs from other parachute types are delineated, Addi-
tional design data, specifications and pertinent information are presented

in appendices. :

iii/iv




Foreword
Abstract
Section 1

Section 2
2.1
2. 1.1
2. 1.2
2.1, 3
2.1.4
2.1.5
2.2

Section 3
3.1
L1

- 3.1,2
3.3
3.1.4
3.1.5
.16
3.2
3.2,1
3.3
3.3.1
3.3.2
3.4
3.5

.

TABLE OF CONTENTS

S & & & & & 0 0 5 8 0 0 s &0 Bt e B 9 e 00t e s s s oo

4 % 8 8 & 4 8 0 5 3 0 0 0 4 PPt B st o8N B e 0 s 8

Introduction 8 800 806 8600 %0 s e s s

Historical Development R

. Descriptive Historical Review ... e o4 oo

Conception of the Ringsail Design Principle
Evolution of the First Working Models ..
Evolution of Canopy Shape and Construction
Ringsail Parachute Cluster Development .,
Summary of Ringsail Parachutes .. ...
Pregent Status of Ringsail Design and

Operational Theory +esseovsnveacone
Performance Characteristics ¢ oo 000
Drag Coefficient ., es o vv e oo eessos
Effect of Unit Canopy Loading (W/CpS,) .
Effectof Scale «ioavtvosessaasons
Effect of Suspension Line Length ... 4.
Effect of Canopy Porosity .. eecoeeos o
Variation in Rate of Descent s s 06000
Effect of Clustering «esesasssvosoos
Opening Load Factors .+ .ssevosoaass
Opening Force-Time Characteristics ...
Filling Intervals (Time, Distance, Kg ..
Filling Time and Ky soiovvvencorans
Filling Distance , ..., i0ierntevens
Stability ., ..., . 0 iesestsnnnnnns
Reofed DragArea . ..o vvvv st et snnns

ii

iii

55

65
65
65
65
68
68
70
70
74
83
9
91
91
96
101




3.6 Opening Reliability and Repeatability .......s.0. 105

3.7 TOIQranceforDamage 6 60 06 0 0 8 6 8 s 00 s 00 0o 110

Secti°n4 - weightandVOIume .0.0..00..0'......'.;":ll?

4.1 Individual Parachutes Without Risers ....... ... 117.
4.2 Line to Riser Links ... vuveeeeovnnsanseaoses 117
4,3 Riser Assemblies ...................,....'11'{
4.4 Complete Parachute Systems ., ...ce0c000000e0. 120

Section 5 - Design Procedures PP ¥ B

5.1 Calculation of Basic Dimensions. « . oo e vvsesoas 123

5.2 Selection of Materials, . v v v e s s s e sssessssoses 130

5.2,1 Canopy Cloth . . vt venesnnnossssoscarsnsees 131 |
5.2.2 Suspension Lines and Vent Lines ,..,...0c0006... 133 '
5.2.3 Radiai Tapes . csevevnseosososssonsssases 133

5.2, 4 RISETS o vvvvvunrsoasonnnnnsnsnonnsssss 134 .
5.2, 58 Circumferential Bands .. .. :iovsvseassocansns 154

5.2.6 Vertical and Intercostal Tapes , . , ¢ s s oo s s sseses 135

5,2.7 Miscellaneous Textile Components , . . « s oo oo s s++ 135

5.2.8 Hardware . . v . oo vsevsoennnsoassonssnssees 136

5,3 Ringsail Design by Computer . . v v e vsosesosssss 136

Section 6 - Design Analysis Methods ,......covvvevveeas 139

6.1 System Trajectory Computations .. .. .. seeeesis 139 )
6.2 Ringsail Aerodynamics .. v o v vvveesosessnsonas 140
6.2,1 RateofDescent , , , .. coveciosovsvrosossoass 140
6.,2.2 - Drag Coefficient , . ...t vevetsonsnnsasss 141
6.2.3 Reefed Drag Area ... .icuiteiosntnnsssensses 142
6. 2.4 Calculation of Reefing Line Length . v o0 ovvvsu. . 146
6.2.5 Filling Time . . s o v eveeivessanssosssssvses 147
6.2,6 Derivation of the Dimensionless Filling Interval ,,.. 149
6. 2.7 Stability .. ..c0eievsssvsvesarvssrcavses 151

6.3 Prediction of Opening 1oade o4 ouvvrsnrsnsseas 155




6.3.1 TheLoadFactorMethOd qi.oc'ouoooooooooo 155

‘ L 6.3.2! The Mass-Time Method .+ ovovavensananess 157
. g 6.3.3 The Area-Distance Method I......I. ceense e 160
' 6.4 Si:ressAnalysis. T 165
6.4.1 Structural Design Factors ..cecsovennvcan 165
|  6.4.2 The Shott Method 166
6.4.3" The Compt;ter Method . ..'veeseococoncoens 178
} ' 6.5 Calculation of Ring’aail.We‘ight R A 178
6.5.1 CanopyandLinea D 178
6.5.2 Risers et eresii s senrseneens e 180
6.6 Calculation of Ringsail Porosity +sveevsssss 180
[ ' Section 7 - ‘Constru¢tionDeﬁils Ceeeveceseraennnans 187
L 71 Sail PatterNs  suveesssasnacasnsnnsases 187
’ 7.2 SailEdge Tapes (Intercostals) «seeeeeoeosos 187
7.3 RadiAlTapes seueeesseesrecsesnnecens 187
. T4 Vertical Tapes’ ...eisserevecnscnsseses 187
b 7,8, : The GoreiSubasscmbly ceeiereneasesaases 188
E 7.6 | Radial Seamis s oo essnienneocnnssnncees i83
7 . 1 Circumferential Bands seesdiensatenauens 188
. X T Suspension Lines and Vent Lines '.'““v'“;w 189
" %9 Pilot Chute bridle Harness S T I
7,10 ' Risers .........,............;..'.,.. 190
. B : K ‘ -
"Section 8- ~  Fubrication and Assembly  .uviesonseanesn 191
8.1 ; Cloth Layout and Cutting ...;-a.-..,a'.a.....,. IS
: ' B2 SalEdge Tapes iiuieieieceieseseasnes 191
U U8 Radial'Tapes  seeeseereeniieerennennn.. 192 B
o 8.4 © Vertical Tapes ..o vevsesvocvoconnnons. o192
8.5 | ' The Gore Subissembly «ueveweeseeconeans 192
: ‘8.6 Cifcumferential Bands .+ eevveecoveveaosos 193
" 87" Suspension Lines and Vent Lines «u......... 193
¥ U ]

. wvid




8.8 Risers ..Q.OC..0....'.’....O‘....'....O 193

8.9 The Canopy Assembly ...:‘.................. 193
8.10 The Parachute Assembly .. ..cieveeessocsces 194
8,11 Dimensional Tolerances « .o eeeeeeesesosscsss 195
8.12 Qua.lityControl........;1................. 195

References oq.oot-oouoo-o"cooauoo-!ooooooo‘.oooouoico 199

Appendix A - Prominent Ringsail Parachuths +..vssevosees.o 203

Appendix B - Special Ringsail Parachute Agplications. . .. .cev.+ 293

Appendix C - Sa.mp_leDesignProble-m crvelserecsssssennsas 303 ’

Appendix D - Specification, Trip Selvage CIpth + o s cvvesssnses 317 |

Appendix E - Ringsail Parachute Design Cofnpu_ter Program ....,. 323
v

-,
]

g

viii




ILLUSTRATIONS

Figure
l SkysailGeometrY .Ql'...l....l......"..'l.‘
2 Sail Fullness Distribution of First Ringsails ,....4. .
3a First Ringsail Drop Test 4 February 1955
(Note Infolded Gores on RHSide), . v .o ovvsveeeeses
3b Same Parachute with Two of Forty Eight
GorGSRe"lovedQ.Cii'Q.'...O..O‘....'.‘....
4 Skysail Model A Tethered inthe Wind , , ., .. .00 o0
Skysail Personnel Parachute Coordinates ., .....4..
6 Effect of Restrictor Tapes on Slot Openings of :
..Sk)"sailMOdelelCl..l......ODIOIQI!llQ...
Ta USN Parachute Test Jumper Landing with 29,6 £ D
/ Skysail Model D El Gentro, Califoraia February 1939
b Jumpers View of Skysail Canepy.vevvernnasnvsoven
- Ringsail - Sk?sail 6@0“1“‘3‘05 P 7'. R L )
9 ~ “I'ypical Ringsail Gore Layout Developed by the
_ - Original Standard Method {Schematic) .. v i vuveneas
10 Lapped-Sail Cmre Assembly Method of 64,7 ft D o
v Rh\gsiilNﬁ. R ‘bt.‘i)..'iibtiiiﬁb.i.Oi.iU§
1 Ringsmlceﬁstmuion S s s E e s b . seseusae ; . .
R T 'Rihgsail Parachute Basm hiuwnsi@ns fhessmasaeuva
13 _ Gewini B4, 2 2 ft D, Ringsail - - Boiler Plate Capsule _ ,
- gbpla:hdown in xha Saiton aez, California ., .% s e o e e
14 Teemination of * Little Joe” Test Simulating Apullo
. - Off~Pad Abort with 88,1 ft D Ringsail Parachutes o
“in First pr&i‘amemﬁl Barth Lamimg Systein ... e
15 C@m;umson of Ringsail can@py bansl*uued Promes cens
16a 14,54 D, Ringsail Opening Configuration Associated
. ,_Wlthlhé"’&0“"0;“)6“!!1@“0&@u.a....a..a.-...cs.
366 12405 ft Dy Ringsail Parachwte in Steidy Descent
Wlth‘uisopﬁllﬂds tc.iioiu.dd-icuod.ivo-onud-- .
17 Two Stages During Reefed Operation of 124.5 il D

ix

Ringsail Showmg 'lypical lrn;ula:‘ Shape DA




S A

: Figure =~ ‘

18 . Fullness Distnbutmn of 12? ft D, Bi-Conical Ringsail
Canopy Relatxve to Calculated detn of Conical Gore ...

1% '-i; 128.8 ft D | Lxghtwelght Versxon of the Century Ringsail
" Descending at 27,9 fps (EAS} with 9762 pounds (Bottom
of Damaged Gore Visibleon RHSide) ., ... ¢00veveoe

D, Ringsail witih two Reefed Stages

LR B S N S S S S

20 - Results of Full Scale Wind Tunnel Air Flow Studies
' _ with'88.1‘ftDoRingsailReefed e ee e st ene e .
21 Ringsail Geometric Porosity of Crown Ventilation.....
22 .: | Variation of Ringsail Drag Coefficient with Unit
Canopy Loading and Effective Line Length ., . ... .. .
23 Variation of Ringsail Drag Coefficient with Scale . . .
24 Effect of Suspension Line Length on Ringsail CDO .o .
25 Effect of Canopy Porosity on Ringsail Drag
Coefficient00OG....,....0....‘0.0‘.'.... .
26 “ Cluster Effects on Ringsail Drag Coefficient, . v+ .. ...
27 Opening Load Factor (Ck) vs Unit Canopy Loading. . .
28 Opening Load Factor (Cy) vs Mass Ratio, ., ......
29 Apparent Trend of Ringsail Opening Load Factor
withAltitude...‘...'00‘0....".QC.‘..O‘?
30 Ringsail Opening Load Factors at Altitude (see
TableXIIfOI'COdO)......-............... ..
31 Effect of Flight Path Angle at Line Stretch on Cy
‘ (Results of Computer Study of 128.8 ft D, ngsaxl) e
32, Enlargement of Coleman Tensiometer Record Obtained
with Non-Reefed 56. 2 ft D, Ringsail Deployed at
] 130KEAS, 15,000ftA1titudB..............o....
' 33. Opening Forces Correlated with Canopy Shape, Gemini
. 84,2 ft D, Ringsail Reefed 10. 5% D, for 8 Seconds,
' Deployed at 272 fps (TAS) at 9630 Feet Altitude _
. .- (weight-4450pounds)05000..0.0.0000000000~l'
34 Opening Forces and Trajectory Data for ASSET 29.6 ft

43
60

66
67 .
69

71
73
75
76

78

79

82

84

85

86




Figure

35

36

317

38

39

40

. 41

42

43

44

45

46
47

Opening Force-Time History for Cluster of Two 128.8 ft
D, Ringsails Reefed 13% D, for 8 Seconds, Deployed at
299 fps (TAS) at10, 246 feet Altitude (Weight = 17, 720

pOundS) .O‘QOO“OQQO.*DGO0.0..!‘..0.'00"6{00.5

Opening Force - Time History for a Gluster of Two
85.6 ft D Modified Ringsaiis with Two Stages of"
Reefing Deployed at 167 KEAS at 10, 000 feet Altitude

weight = 1‘2. 989 po‘mds) ._Q * % s & 3 & O Q.",'-. - "Q . & .\ . .:. s o .'

Opening-‘Férce - Time History for a Ciu_ster of Three
88.1 ft D, Ringsails Each Reefed 13% D, for 6 Seconds
Deployed Under Simulated Abort Conditions (Weight =

‘}500 po“nds) APDH.O TeSt 50"11 - ; [ R A R O A IR I ‘o::’ .

Opening Force - Time History for a Cluster of Threze

85.6 it D Ringsails with Two Stages of Reefing (8.4%
D,/24.8% D) Deployed under 90% Design Limit »
Conditions (Weight = 13, 000 pounds) Apolle Test 83-6 . ..

Pendular Oscillations of ASSET 29.6 ft D_ Ringsail
During Terminal Descent at 45, 5-fps (EAg) with

lllspouds ...Q)_..Q.Q;oolon\‘o‘ci.bo000\.3:000-;

Pendular Oscillation of 29.6 ft D_ Skysail During

Typical Coning Oscillation Record of-Gemini 84, 2 ft
D, Ringsail (Development Test No, 19) .. ... .00 vv v

Oscillation of 128, 8 ft D, Ringsail Descending at

26.4 fps (EAS Average) with 9786 Pounds .. .. .44 o

Statistical Comparison of Angular Deﬂect\ions of . .
Apocllo Two-Canopy Clusiers of Standard and Modified

Ringsails ‘.'00..Q.l0000'.0..0.......‘."'9.,.1‘""

Oscillation Data, Three Canopy Cluster, Apollo

Modified Ringsail, Test 73-3 ... . .ie it v evnnevia

Oscillation Data, Three Ganopy Cluster, Apollo
Modified Ringsail, Test 73‘1 LK S I Y O R T T DN ST Y R RN B T I

Typical Ringsail Parachute Reefing Ratios . . v v v v v v o v

Mercury, Gemini, and Apollo Development Test Data

Averages.ooooo!oCc.n‘ool.tog!color.h‘ooo‘oo.’@_

xi

Page

87

- 88

89

90

97

Jump Test Program at El Ceatro in 1959, .. ..., .. 987
99 -

100

102

103

~104

106

107




.0

Figure

48
49

50

LI

52

53

54
55
56"
57.

58

59

e

. 62

63

4" 64.

.65

66
67

‘Idealized Ringsail Drag Area Growth with, Time ....l.,.. 148"

Centur'} Ringsail Reefed Data ) . *e e 0 0 0 0 s o:- s 0o s 0 108 t
85.6 ft D Ringsail (Modified. -75% of 5th Ring K

Removed) with Mid-Gore Reefing ¢ voovesvencoassss 109 '
" Mercury 63.1 ft D, Ringsail Damaged by Falhng ‘ ’

Compartment Cover During Quahflcatmn Test-

:SaltonSea.. Callfornla ..00000.'(000.0130000’00. 11‘2'

Century 128.8 ft D Rmosaxl (Lightweight Model)

: Opening Damage (Rate of Descent 27. 9 fps with
‘;_;97621b).QQ'..0.."lQ.O......'.'..'.....iIO ‘113

88.1 ft D, Ringsail Descending Safely with One Gore 1 _
SplltfromVenitOSklrt...................-...o 114

1

Ringsail Parachute Weight vs Dxa.meter (Without.

:R"sers)tl.‘00000001000000l'.‘.....'..fb..“l118
' Ringsail Fullnéss Distribution o .o vovsuteesesnsasss 128
. Full-Scale Wind Tunnel Data « vo o cvnvvusen.mooeoss 145

1

- Typical Reefing Line Splice « o o s s 0 008 00 .o R c'o o e o} 146

A Variation of Filling Distance with Mach No., R

(ReferencezB)..Ol."...'.Q..l.‘....‘....i.'.. 152

- Typical Static and Dynamic Stabxlxty Characteristics .
»:-V:VOfparaChutes00.0.00t...‘..%'.ll'..rl.......153

Drag Area Growth Exponent vs Filling Time TN .

(Dlsreefto Full Open)u s 08 s e . a:c P S S e o'g‘v 159

) Masgs-Time Method; Calculated vs. Meisure_d o o
Opening Loads (Apollo Test 80-1R) . v v iuvuus s dnees 1161 10

.. Area-Distance Method, Apollo Cluster Test 81-2 . .. w163
‘Mass- Time Method, Apollo Cluster Test 81 2 e Lo 164

Differential Pressure sttrlbutions Actoss 85 6 ft D oo

Ringsail (Modified) Deduced from Shape Measurements o o
. and Strain Analysis by CANO Program ... isueiewes 170 o

' Method of Estimating the Design Load for a Mid-Canopy

Circum{ferential Rainforcing Band . vvvvcvvvevacdhs 173

" Method of Calculatmg Reefing Line Tension ... .i .. Wee 175

'”Str'q_ss!', - iS_traln 'Charactexfistii.;;of Nyloh Textiles, ., ... 177

Y
P
.

xif ! : _ !




* Figure

68’ Variation of Relatwe Porosxty with Ap for Typxcal
ParaChuteCIOth.'..lhi..r..'..'......l.....

69 B Assumed Shapes of Crescent Slots . .. vieerovone oo
70 . Cross Sectmn of Vertzcal Tape Cut on Gore Centerhne .
71 . Bridle Harness for Perma.nently Attached leot Chute. ..

72 Acceptable Tqlerances for Flmshed Dzmens‘xons of -
thengsalearachute R NN

~ 173 Mercury Capsule La.ndmg System, 63.1 ft. D
) ngsall * ¢ o o . 4 » o o . & s ‘ - . ' L] ' ' . . L] ‘ . .« & @ -T

(

74 ! Gemini apacecra.ft Lanchng System, 84,2 it D '

Rlngsall .0!0..|l.i000.0.000.',l00...0‘

75 . Apollo Spacecrait Earth Landmg.System, 1.Cluster
' of Three 85,6 ft D ngsaxl Pamchutes e e i s e

76 1288 ft D, (‘entury ngsa.xl Parachite . ...\ ....

7 Guide to Fullnoss sttrlbutxon Curves Presented
. }nFlgureS’]B*hroughlos )oeowoeobo.oooobo

78 o Gore Pattern and Fullness sttrxbutxon. 29, 6 ft D

1

Rlnguallparachute oooocbosooaotoonloooo

Gore Pattern ard I‘ullness Dzstrxbutxon, R5044-501
410ftD Rlngsallp?rachutc............o....

1

.§79_

80 Gore 'Pattern ard Fullnes’s Distribution, R5157-333
i63 1 ft D(‘) Rirlgsail Pa‘raChUte @ & & -8 & 2 0 0 6 8 et 8 e 8

sy \
4

8l "Gore Pattern add Fullness Distribution, R6220-525"
- 84, thD ngsallparachute S T

- 82 Gore Pattern and Kullness Distribution PDS 808 1
88,1£tD ngsalea.rachute ..........s.......

a 83 ) | Gore Pattern an]d ‘Fullness sttmbuuon. PDS 926-1
' . 88 1 ftD Rxngsalearachute T T

-7 S . Gose Pattern and Fullness Distribution, PDS 927 1,
' ' 88 1 ft D Rlngsall Parachute b. ] . ¢ & & 0 4 4 ¢ s ¥ . * 8 o 00

\

85 ' Gore Pattern and Fullnes,s Distribution, EDS 1226-1"
through -505 88,1 ft D, Ringsail Pa\:rachute' e ew e s el

! Gore Pattern and i“qllness Distribution, PDS 1543'-1.
-535 and 553 88.1 and 85,6 ﬂf Dy Ringsail Parachute . .




_Gore Pattern and Fullness Distribution, PDS 1543-521
and -523 88.1 ft D, Ringsail Parachute ,,.,......

' Gore Pattern and Fullness Distribution, PDS 1543-529
88.1 ft D, Ringsail Parachute. . . . ... .00 0 sens

Gore Pattern and Fullness Distribution, PDS 1543-531
and -543 88,1 ft D, Ringsail Parachute , ... ..00. 4.

Gore Pattern and Fullness Distribution, PDS 1543.525,
- =533, -539 and -551- 88,1 and 85, 6 ft D, Ringsail
Parachute ......00......‘.0....00000'0000.

Gore Pattern and Fullness Distribution, PDS 1543-547
88.1 ft D, Ringsail Parachute .. .¢0evovosveevaos

Gore Pattern and Fullness Distribution, PDS 1543-555
85,6 ft-D, Ringsail Parachute ....v00vevensnnns

‘Gore Pattern and Fullness Distribution, PDS 1544-1
and -501" 88.1 ft D, Ringsail Parachute .........

Gore Pattern and Fullness Distribution, PDS 1650-1
~ and -501 87.1 ft D, Ringsail Parachute ........

‘Gore Pattern and Fullness Disfribution. PDS 2021-1
88.1 ft D, Ringsail Parachute .. .¢ue0 0t veseos

- Gore Pattern and Fullness Distribution, PDS 2071-1
. 88,1 ft D, Ringsail Parachute .........0000..

Gore Pattern and Fullness Distribution, PDS 2072-1
87. 9 ft D, Conical Ring/Solid Parachute ,.......

" Gore Pattern and Fullness Distribution, PDS 3120-1
88' 3 ft Do Ringsail Parachute * @ [ 2N ) [ ] [} s @ [ ] [ 3 [ ] [] L] [ I } [ ]

Gore Pattern and Fullness Distribution, R7118-1, -501,
-503 and -513 88.1 ft D, Ringsail Parachute ......

"Gore Pattern and Fullness Distribution, R7118 507
88,1 ft D, Ringsail Parachute ..........004..

Gore Pattern and Fullness Distribution, R7118-515
‘88.1 ft Do Ringsail Parachute ., ., .40 000000 e

Gore Pattern and Fullness Distribution, R7527-1
and -503 85,6 ft D, Conical Ringsail Parachute , .,

Gore Pattern and Fullness Distribution, DR 7661-1-
~and -527 83, 5'ft D, Conical Ringsail Farachute ..,




Figure

104

105

106

107

108

109

110
111

Gore Pattern and Fullness Distribution, R7661 -1

Gore Pattern and Fullness Distribution, R7811-1
128. 8 ft D, Ringsail Parachute ..,......000..

63 ft D Glidesail Farachute Gliding at L/D (max)
~0.7With2580pound8 S ¢ & 8 & 0 4 ¢ 5 2 5 % 0 s s 8 et e

Aerial Engagement of 17.5 ft D Ringsail Target
Canopy on 42 ft D, Annual Parachute with 800 1b
Dummy Payload ® 4 8 6 0 % 5 ¢ 0 O 8 ¢ 9 & b T s 4 . e o

Schematic of the PEPP Ringsail (40 ft Dgy) ovvvhs

Opening Load Fluctuations of PEPP Parachutes
Following Line Stretchat Mach1l.4-1.6 ......

Trail Gore Layouts of Crown Ventilation per Gore

Prototype Design Dimensions and Materials for
60.6 ft D° Ringsail Parachute . LR SN S R S S S N R

Xv

thru -519 83.5 ft D, Conical Ringsail Parachute . . .

Page

279

291

294

296

299

301
306

315




TABLES

I Measured Opening Forces-Clusters of Three 100 ft
Parachutes (Reference 10). .. . v v o e v e everoennooae 317

; i I Ringsail Parachute Design Modifications for Cluster
";‘.:' Development 4 5 8 8 ¢ 4 0 B 8 ¢ 0 0 0 8 s B 0 e 0 e s s s o 40
3 m Porosity Variation of the Wing Tunnel Models

Tested LN S I T I I IR 2R R I B T BT T BN IR R IR I A R I I I Y ) 45

v Apollo Cluster Development - Measured Opening
Forces for Cluster Tests Showing Maximum
Dlvergence 8 8 & ¢ & 2 5 S 4 s s E 3 s 0 Nt BN e s 47

\' Maximum Force Ratios from TableIV ,,.,......... 49
g Vi Measured Opening Forces of Two 128.8 ft D ,
:, ‘ ) _RingsaiISinCIuSterloonooaooococ.oooo--oooot 52
_?i ' Vil Cluster Opening Time Sequence of Two 128.8 ft D, _
~ RingsailsinCluster .......ev0tt0evevanasess 52
3 VIl Comparison of Unit Canopy Loadings of Three Apollo

E Parachute Systems ... .¢ v vvvivessrtoaesoneos 54
X Standard Ringsail Parachutes - Design and Performance

" ’ Data00.0.0.0.00'0l..'..‘..'l'..."'l... 57
X Effect of Crown Porosity on Cp_ of 88,1 ft D

\‘ Rlngsa11.00.0.0...0.00'.l.....l.....‘...0 70
2‘ X1 Summary of Rate of Descent Data . . v v s v v o0 06 00 o 72
XI1 Ringsail Opening Load }Yactors at Altitude , . . v oo ¢4 o 80
XI1II Comparison of Filling Intervals of Standard Ringsail

- Parachutes and the 85,6 ft D Modified Ringsail of

', l_ APOIIOBIOCkII.0‘0'0.00.‘00000..000000...0 92
L XIv Filling Intervals of the 85,6 ft D, Modified Ringsail

] i‘ : with Twec Reefed Stages (APO].lO BIOCk I H) S o0 00 00 00 93

1 XV Measured Filling Distances of Large Ringsalil
(‘ ParaChthSCQ.oooooiuoonooooonooon.oooouct 94

b XVI Relative Filling Distances of Large Ringsail

; 2 w = . ParaChutes LI S I S I S S R N T B SN S S S S Y S SN N IR I T N 95

XVt Typical Suspension Line-to-Riser Link Weights .. .... 119

B et

XVl Typical Riser Assembly Weights . ... ot e vt v nenn 119

xvi




‘TABLES (Continued)

Weight of Spacecraft Landing Systems ., ...¢0¢044..

XX Wind Tunnel Test Data for Two Configurations of
the Apollo 88. l ft Do Ringsail ¢ & & 5 5 5 s 8 9 8 s s b

XX1 Wind Tunnel Test Data of Configuration A-2 Apollo
88.1 ft D, Ringsail with Mid-Gore Reefing .......

XXII1 Shock Factors for Synchronous and Non-synchronous
Inflating Ringsails in Cluster . ...cco0evsovooe

XXIl Measured Reefing Tine Loads on the 85,6 ft Dy
Modified Ringsail .. .¢¢0cveveesoeonos

XXIV Textiles Commonly used in Ringsail Parachutes

XXV Typical Unit Weights of Ringsail Canopies ... .

XXVI Representative Ringsail Parachutes ........
XXVI Measured Glidesail Performance .. .. ¢ s 0 ¢4

XXVIII  Ringsail Target Performance as a Drogue in the
UARSYstem [ I N I I I B R I T T T T T T S T N S I I

XXIX PEPP Measured Drag Coefficients . v+ s o4 ¢4«
XXX Summary of Crown Geometric Porosity . ...
XXI Canopy Dimensional Calculations .+.¢eo 000
XXXII Sail Pattern Dimensions « . « s s s s s 64 s

XXXII  Material List for the 60,6 ft D, Ringsail
- Parachute O R R R N N I I A ey




RS

Primary

SYMBOLS

Subscript

Width of sail pattern upper
edge, allowable strength -
factor

Acceleration, length of short
edge of sail

Width of sail pattern lower
edge

Length of long edge of sail

Coefficient, constant, factor,
chord

- Diameter, drag, a charac-

teristic dimension
Diameter
Abrasion loss factor

Force, load

Acceleration of gravitation
Height of gore pattern
Height, altitude

Shape factor, dimensionless
interval, a constant

Fatigue loas factor, spring
constant

Lo}

x F @ =

Sail upper edge, allowable

Added air mass

Sail lower edge

Circumferential band

Canopy

Cruwn, Critical, steady state

Drag

Effective, equilibrium
Full
Filling

Geometric, slot

Opening load
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Subscript

Lift

Length

Total mass of system, Mach
number

Mass
Number of gores, an integer

Expcnent of drag area growth
equation, any number

Strength of material, pressure
(absolute)

Differential pressure
Dynamic pressure
Radius, reefed, ratio
Radius, local radius of
curvature

Area

Distance, load distribution
ratio

~ Unit tensile load B

~ Time |

Seam or joint foicie‘ncy :
Volume |

Velocifty

Xix

 Vent

Lift, limit, leading canopy
of cluster

Lagging canopy of cluster

Aerodynamic moment

Mass, material (cloth), canopy mouth

The n"'h member of a geries

Initial, nominal, at sea level

Projected, parachute,
strength

Pressure, pack

Radial, rated, reefed, risers,
crescent-shaped slot

Suspended

Suspension line, sail, snatch

- Proof test, total

Vehicle
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1 Weight w
Unit weight w Woven
Opening shock factor { = Cg) X
Displacement along 'x" x
axis
Digplacement along 'y" y
axis
Number of identical z

members or plies

Angle of attack, filling a
distance coefficient
Angle of yaw B
Flight path angle from
horizontal
2 Difference, small A
~' ? increment ‘
Density : S
. Angle between longitudinal Y

axis and vertical

Vacuum loss factor o {._

Relative porosity of cloth S 4 §
.'Pox_'os'ity' A
Viscoaity of ai’r 3 B ‘ "
i-hmudxty iou factor_ | 0
-3, 1416 e o -#
- De‘nsityutai‘r. | - p
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F ‘(g s CDS) l ¢ 1
D ©  at infinity, far away
i
Approximately ‘ ~ !
Approé:imately 'equal to L .
: : |
Sﬁgericrigg
) ] ; . Ty . ' :
. Reference value S 7
- ¢ . - . . Lo ot Yy
 Averageor meanvalue . © -
~ Similar:value, - raiénnco S
” 'va.iue SR -
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with time I '
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Abbreviations and Definitions

cDSR

cDso

EAS

FO

fps

D.F,

DOF

DR
"KEAS

nax

chute

out '
Cpef
S, 5.

Reefed drag area
Full open drag area

Equivalent air speed
Full open

Feet per second

. Design factor

Degrees of freedom
Disreef

Knote equivalent air speed )

~Limit
- M;ximmﬁ
.'-Pataéhnl;e o
 Line stﬁatch S
*kiiniléw S

E bmﬂoﬁ -

‘Pounds per squueiaot
 satety factor
-Froude numbér (gD sin vlvz)

‘Reyaoldi numbes (Dvpiu)

. Avea of design drag nurfaw includmg
- slots and vents

Margin of safety
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Definitions
Differential fullness

Fullness

Pendular

Squidding

.
[}

The difference in lengths of adjoining sail edges.

The difference hetween the width of the sail and
the chord of the gore at any radial ordinate (h).

Pendulum-like

Behavior of a parachute which stops filling at
any atage prior to the normal full condition for

~ that stage.
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SECTION 1

INTRODUCTION

- The first Ringsail parachute started out as a rather unprepossessing
- modification of the Ringslct design, but after surviving two embarrassing

proof tests, it was found tc have some desirable performance advantages,
Since that day in February 1955 the Ringsail parachute has been improved
in both performance and method of design, and has seen extensive use in
missile and drone recovery systems. It has also been used in a variety
of space vehicle racovery or landmg systems mcludmg those of Mercury,
uemun, and Apollo, :

The purpose of this work is to provide designers with all of the deiailed

~ _information required to produce a successful Ringsail parachute of near- .
“optimum performance for a given application,

The presentation begins™
- with a historical review of Ringsail development aimed at exposing the

pu.falls that lie in the path of the innovative designer, hopefully to spare

i hun repetition of errors made by his predecessors.

"~ diamete: of Do
~~ “tracting the area of the wide slot from the canopy area, producing a va.lue
- for- S whxch cannot be used in performance comparisons, -

One of the earliest designs of the Ringsail was the "Skysail” personnel

parachute developed for the Navy. The first Skysail jump test was per-

" formed in-1958 over the Salton Sea by Chief H. W. Piccard of the Naval
" ‘Parachute Unit, ﬂymg out of the Naval Air Station, EIl Centro, California

on a routine jump tesi mission, Since that time hundreds of Navy airmen
and a. number of skydivers have Jumped the Skysail thhout incident.

- The nistorical review pays special attention to the dévelopment of the

modified Ringsail for the Apolle ELS parachute cluster. Althoughthis
parachute has been widely publicized as having a nominal diameter of
83. 5 feet, it is referred to throughout this document by its true-scsle
= 85.6 feet, 'The smaller figure was calculated by sub-

~The hxstonc_al review includes a summary of the salient characté_ristxcs
-of all existing Ringsail parachutes, supplemented by a set of diagrams.

© . in Appendix A& covering the construction details of the most familiar.

..pa raqhutes of modiified design are given in Appendix B,

' ational theory.

operational models. Significant data on several special-purpose ngsaxl
The history con-

‘cludes with an appraxsal of the. present status of Ringsail design and opcr-




Presented in Section 3 is a digest of Ringsail parachute performance data
accumulated from a number of different programs in which instrumented R
aerial drop tests were performed.- An attempt has been made to discard
wild points and reduce the data to a form most useful to the designer -
The data scatter remains wide, The validity of the measunements reported
for some Ringsail models is open to question, but to reject the resulis

. completely would leave unjustified gaps in the picture, The quality of the

" performance picture has been blurred in another way also; the documenta-

_tion is incomplete. Some important test reports could not be found in the °
morgue and are presumed lost or destroyed. Other test reports were
incomplete in basic essentials.  Everything that is known about ngéall
parachute performance has been put together in Section 3 as accurately

~as possible for the guidance of the designer. Accumulated weijght data
for an\ngsazl para.chutes ma.nufactured are summa.rzzed in Sectxon 4,

i

i . A gtep-by- step design procedure for the ngsa.ﬂ parachute is. demiled i vt
- “Section 5, This i a minimal procedu*e which-will produce as an end y
- item all the dimensional data and material requirements needed to manu-~ " S
.. -facture a prototype model. : The design procedure is illustrated by numemca.l o
~ ‘example in Appendix C, concluding with a preliminary weight and volume S
" ~-estimate, Deszgn analysxs methods are given in Section 6 by means of
.~ “which:the’ prototype design can be refined, reefing requirements- determmed,
‘» : eperformance characteristics and dpeningloads predicted, a rigorous st1 ess -
- analysis performed and wexght, ‘'volume and porosity calculated, The )
;}‘ design analysis is usually a preliminary to the performance of a number o£ o
"ot aerial drop tests ajmed at ‘completing the: design development of the para- =
.7 .chute through venﬁcatxon of both aetodynamic performance and structural ’ ’
R integrity. After such’ teats have been successfully- completed is-the time '
to prepa.re detalled prcduction drawings of the new. parachute. S

c

Constructmn featur«s pecuhaa- 16 the Ringsaﬂ parachute are descnbed in:
} ) Secta.on 7 as a guide to the preparation of manufacturing drawings, The o pES
K fabrmatxon and assembly- techniques used in Ringsail parachute manufacture -
.. 7 are descrxbed in Sectxon 8 along with a; dxscussxon of unusual quahty cont‘rol
,i",-methods. ‘ W : S A




SECTION 2

~ HISTQRICAL DEVELOPMENT '

1

2.1 -;DESCRIPTIV E HISTORICA L-'REV‘IEW

The purpose of presenting thxs historical réview in what is nominally a ‘

"desxgn handbook! for Ringzail parachutes is to give parachute designers

( and innovative designers in particular) a view of the many different con-
. figurations and methods of construction tested, . Of particular interest will

be those features that were tested, found wanting, and discarded,
R : P , 1 N

2.1, 1 Conception of the Ringsail:Design Principle b
I ,
In: 1953, u*mg an engineering research program a1med at advancmg the
_ ~development of the Ringslot pa.ra.chu*eI as an aircraft deceleration ,
: parachute, it:was recognized that there was a large number of ways in . -,
- which an annulate canopy with alternating rings of slots and sails could
_;be formed.’ Indeed, the number of possible combinations of slots per gore,
- glot/sail- width ratios, variable slot width distributions, and canopy profile |
‘shapes-was so large'as to preclude testing more than a fraction of them
+ in the wind tunnel, Thus, ‘it is not surprising that when the suggestion was .
S offered that the belly Br "fullness" of the salls could also be varied !
.. ...-between Ieadmg and trailing edges, the idea was not received with
' enthusmsm. However. 1t' was re«.orded in Reference 1 as follows:

'“It is evxdent that the gore geometry of the Ringsldt is open
‘'t considerable variation,' not only in the number and width -

' of slots and sections, but also in the angle-of radial cut'on
*each panel; In addition to the usual methods of affer'tmg the '
overall canopy shape by varying the width of the gore patterd
" the. opportunity is presented of vatying the fullness and angle

: of attack of-each section (1 e., each ring) independentlyl of the -
others, Wh1le the effects of different combinations of slot
...width and rmg height have been investigated to some extent,.
" the independent variation of section fullness and angle of
.- attackhas pot, and is sufficiently promising 'of results to
. warrant careful evaluation, Two possibilities are immediately
evident: ' ; el L T Lo

oo




:'An opportunity to test the Ringsail design concept did not arrive until 1955

o e

(1) An mcrease in the average angle of attack of the 1nd1v1dua1
‘rings in the skirt region beyond the mid-radius could have a
beneficial effect on both Cp, and. opening characteristics,

(2) An increase in the section width in the crown area will

reduce transverse fabrlc stresses by reducmg the local radms
‘of curvature,’" - :

Subsequent events have proved the first surmise to be quite correct with
little qualification.  The 'second, it was found could be effected better
by simply adding fullness to conventional ngslot constructzon in the

- crown of the: ngsaﬂ sanopy. o

2.,1.2 Evolutmn of the F1rst Workmg Models

and then simultaneously on two different programs. The first of these

programs had been-initiated in April 1954 with a proposal to the Bureau of
Aeronautics for development of the Ringsail personnel parachute (Reference 2).

The purpose of this program was to produce an improved escape system for

“Naval airmen in which the parachute opening shock would not exceed 25g m a

400 knot bailout and the pack weight and bulk would be a minimum, .

~ The Skysail configuration illustrated in Figure 1 was justified by the
_following statement of Ringsail desgign theory (Reference 2).

""Although the possibility exists of effecting the desired improve-
sment by the stepwise development of a set of gore coordinates

for a’solid shaped canopy, ‘experience with the Ringslot

parachute suggestr that the use of ‘carefully distributed geometric
porosity ho_],c}s greater promise, HMHowever, the delicate balance
‘ between drag efficiency and opening reliability on the one hand

. and stability and opening shock on the othe: is easily upset if

~-:~the size and shape of the geometric openings are poorly proportxoned'
The central problem is one of providing the geometric porosity
needed to satisfy the stability requirement ina form which

~ properly’ controls a.;rflew through the canopy. The {low control
r’."_,must be twofold:” ’ '

(1) The openings shall prowde good: ventilation during mﬂation
in order to limit opening shock.”

. (2) The lips of the openings shall inhibit ventilation during
- steady-descent in order to provide a maximum drag coefficient.

~
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Figure 1,  Skysail Geometry
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Solution of this problem is possible only because both the ghape

of the canopy and the character of the flow field during each of
these phases is different. The geometric purosity of the Skysail,
like that of the Ringslot, is distributed among a nuinber of

narrow concentric annular rings (Figure 1), However, the
similarity between the two parachutes ends here. Aside from
important structural differences, the essential difference between
the Ringslot parachute and the Skysail is. . .(that described in

the quotation from Reference 1 above). Precise and virtually
independent control of each annulus of the canopy is achieved by
this means, Thus, during inflation the absolute magnitude of
canopy porosity may be relatively large, but after inflation the
projected geometric porosity is small and through-flow interference
becomes a maximum, At the same time, the leading edge of each
fabric annulus in succession meets the airstream at a high angle

of attack, thereby promoting reliability of inflation.

It is estimated that a geometric porosity of between 5% and 10%
will satisfy all requirements, but the uncertainty factor inherent
in the aeroelastic properties of any new gore design can only be
resolved by appropriate experiments, For the same reason, it
cannot be assumed that the sail geometry shown in Figure 1 is
necessarily the best, but on theoretical grounds its probability
of success is high,"

In December 1954, before the Skysail development contract award was
made, the need for a high performance recovery parachute on the XQ-4A
drone program motivated the design, fabrication and testing of the first
Ringsail parachute. In the form first tested in February 1955 (Reference
3), the canopy had nominal diameter (Do) of 64,7 fi, 48 gores, 10 rings
of sails, and the sail dimensions were derived from the coordinates of a
shaped-gore as shown in Figure 2, In searching for a rational method

" of computing sail widths that would be structurally conservative, the

coordinates of a flat gore were adopted as a base reference and the
coordinates of a surface of revolution approximating the inflated shape were
used as a lower boundary reference. The result was a shaped-gore with
considerably more allowance for bulging between radials than was actually
needed for stress relief.

When the first 64,7 ft Dy Ringsail prototype was drop tested (February
1955, El Centro, California), it exhibited the same general behavior as
that seen much later in the 84,2 ft D, Gemini Ringsail---the fully inﬁau,m o

canopy was slack and puffy with aeveral gores folded inward on one sy
(Figure 3a).
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Figure 3a, First RingsailADrop Test 4 February 1955
(Note Infolded Gores On RH Side)

Figure 3b, Same Parachute With Two of 48 Goras Removed




In order to continue the test program with minimum delay, the infolding
was corrected by removing two gores from the canopies of the existing
test specimens (Figure 3b). The modified parachutes (with 46 gores

Do = 63 ft) were used until new 48 gore models could be fabricated with
sail dimensions corrected as shown in the Figure 2 with a reduction in
width of approximately 10%,

During the subsequent development and qualification tests, the drag coefficient
derived from rough rate of descent measurements averaged cDo =0.73, an
increase of 30% over that of the 56 ft D, Ringslot canopy that the new
parachute replaced. However, this was tempered by a 40% increase in the
average amplitude of pendular oscillations, i.e., from ¥ 5° to 70,

Since the stability was still acceptable for recovery purposes in a system
utilizing an airbag impact attenuation system, the gain in drag efficiency

was almost entirely on the plus side, and it could be said that the Ringsail
design principle had proved to be reasonably successiul.

In the Skysail program, progress was made more difficult by the small size
of the canopy (Dg = 27 -30 ft), Ringsails in the 18 to 41 #t D, range could
not be made to develop as much drag per unit area asthose of D, = 56 ft and
larger. In this respect the Ringsail appeared to exhibit a Cp, change with
size, similar to a solid conical or extended skirt parachute, OAverage drag
coefficients ranged from Cp, =.67to Cp, =1 approximately, with no
improvement in stability relative to 'osci_ll%tions of #7*, while in some cases "
average amplitudes of £10 to 15° were recorded. Thus, in the Skysail size =
- range the gain in drag coefficient for parachutes of equal stability was less
than 20% relative to the Ringslot. Along with this gain, the cpening shock

was moderate and the increased sail angle of attack made the opening tendency: -\ -
strong. - . s T

"2 Skysail Model A (26,9 ft D, with 20 gores) designed in June 1955 (Figure #),

" wag the first Ringsail with gore coordinates developed £or a canopy shape of -
4 quarter sphere., The fact that the performiance of this model was deficient L

~in all categories is attributed to the use of only six cloth ritgs of which the
three in the major area of the canopy were 36 inches wide and the skirt ring

7 had no fullness, i.e., the constructed profile had a skist angle of 60 degrees

as shown in Figure 1. The sail fullness distribution uuc‘i in this first Skysail .
- nwodel i3 shown in Figure 5. The angle of attack of the sails wae not gdé_a
Guately developed in this model and the geometric porosity was low,

. Bkycail Model B (29.4 &t Dy with 20 gores) was made with nine cloth rings '

- - all approxivaately 18 inches in width, but again with no fullness in the skirt’

‘ring. This model went through three modifications aimed at gaining an
acceptable drag coefficient; : ' S
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(1) XB-1l: Restrictor tapes were installed on the gore centerline
across the four slots in the peripheral area of the canopy above
the skirt, These changed the crescent shaped slots to double
openings as shown in Figure 6. This modification was abandoned
when tests showed the filling time to be excessive, giving the
first indication that the Ringsail filled through the side slots as
well as through the mouth.

- {28) XB-2: Pocket bands derived from FIST ribbon parachute design
documentation were added to the canopy. These were discarded
to simplify construction after a few tests showed no overt im-
provement in opening charactaristics, but it is now believed the
tests measurements were too rough to constitute conclusive
evidence., Focket bands on the ngsaxl should be as effective as
they are on other parachute types,

(3) XB-3: 'I‘h.e skirt ring (#9) was removed from the canopy, de-
- creasing the basic skirt angle from 60° to 54¢°, This change also
reduced the nominal diameter to D, = 26, § ft, but more important,
it produced a canopy having a flared skirt with a fullness of 17, 5%
in the bottom sail (#8). However, with an average leading edge
fullness in the sails of approximately 13%, the crescent shaped
. slots were relatively Jarge in the fully inflated canopy and the low
- drag coeflicient obtained was attributed to excessive geometric
'parosity. (Ag =13.5%, 3, =16,6%). :

. Skysail Model G (28,3 ft D, with 24 gores) was designed to overcome the des -
" ficlencies of Model B: 24 gores (in place of 20) for narrower sails and a’aéragef

- sail leading edge fullness reduced to 9% (in place of 13%). However, the ‘

- canopy was again made to the guarter spherizal shape with a 60 degree skirt

angle, The justification for this wus the full skirt of Model B did not inflate

~ tautly and tended to flutter, but this retrogression was an sver-reaction, ind A
- -the drag coemuemwf Model © was no beiter than that of Model B,

Skysail Model D (29. 6 R\\D@ with 24 gores) was the final eonﬁguhtion devel-
oped under the original Bureau of Aeronautics contract and the one selected
{or the qualification program (Figure 7). It cdmbinéd what were believed to

. be the best features of Models B & C:

z) Basic shape. a spherical segmient with a skirt :mgle oi 54 denrees. «
b) Average sail leading edge fuliness 8, 8%. _
c)_‘ Nine rings each 18 inches wide with four open ringslots in the crown

in }‘lgure 1 this would t.hange ti.e hmgh! of the spheru.al sebmem from

Ritto 0,439K,




' Figure6. Elfoct of Restrictor Tapes on Slot Openings of Skysuil Model XB-1
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Figure 7a, USN Parachute Test Jumper Landing With 29, 6 ft
Do Skysail Model D - El Centro, Zalifornia Feb, 1969
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: Figure 7b, Jumper's View of Skysail Canopy




d) Calculated porosity based on photo measurements
Geometric 10.9% Total 14.2%. :

e} Effective suspension line length 0.91 Do.

A U.S. patent was applied for 15 May 1956 and Patent No. 2, 929, 588 was
igsued 22 March 1960, In June 1956, at the same time the Skywail design
was frozen, the method of computing Ringsail-gore coordinates and sail
widths was standardized in the non-dimensional form illustrated in F1gure 8.
The difference in sail fullness between the standard Ringsail and Skysail
Modei D in the perpheral region is indicated. The chord ratio (C/C') was:

. ‘based on the width, C', of a flat triangular gore because it could be

: calculated easxly at any radial height, h, as_ -

L' = 2h tan (360 /‘ZN)‘

for a canopy embodying N gores of height, ‘hR, from center line vent to skirt.

. In practice, the h dimensions used corresponded to the upper and lower edges

of botn slots and sails, and the values of h/hp were calculated, Then, at

“each value of h/hy the curves were read to obtain Cp/C! and Cg/C' from

which the lengths of the upper and lower edges were calculated It wili

be seen that the bpherxcal profile is controlled accurately in the peripheral
egion of the canopy below h/hg = 0.65 by the upper edges of the sails,

Above this point the jntroduction of fuliness :n both upper and lower sa11

"~ edges for-stress relief modifies the shapo slightly. The resultmg sa11

layout for one gore is 111uatrated schemaucully in Flgure 9.

This is the method of gore cocrdinate and.sail-width calculation that.was -
used for all Ringsail parachutes designed prior to September 1965,
including the Apollo main parachutes, Although a few modifications were
tested experimentally during the Apollo ELS development program, -none
proved acceptable, These are described in Section 2, 1. 4 '

2.1.3 Evolution of Canoupy Shape and Construction

During the early aerodynamic development of the Ringsail a number of
innovations in the methods of parachute construction and assembly were
tested, Traditionally, Ringslot parachutes were assembled sail by sail
to form rings and then the cloth rings were joined with radial tapes,
This appeared to be an inconvenient procedure for shops geared to the
gore by gore assembly sequence of solid cloth and ribbon canopies,
Since Ringsail No, 1 had no open slots other than the crescent shaped
openings developed in the inflated surface between contiguous sails, it
appeared feasible to sub-assemble the gores by shingle-lapping and
basting as shown in Figure 10, First, the edges of the individual sails
were hemmed or taped to augment tear resistance in the areas of greatest
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,_'::'-A.Intercostal Tape On Sail
- Upper Edges As Required

50 (Typ)

_ Selvedge (Typ)

o—1,5 Baste (Typ)

Selvedges or
Hemmed Edges
As Required

Figure 10, Lapped-Sail Gore Assambly Method of
64, 7 £t Do Ringsail No, 1




stress. (Cloth selvedges were generally strong enough only in the periph-
eral region of the canopy where bulging of the sails between radials was
_pronounced.) Second, the sails were basted together into gore subassem-

" blies. Third, the gores were joined in the conventional manner with one-inch
fell seams stitched on a four-needle sewing machine. The final parachute
assembly operations also were conventional, including the running of sus-
pension lines over the entire canopy through the center channels of the radial
seams.

This assembly method worked reasonably well as long as the intercostal
tapes on the sails were light and thin, However, the tape joints in the radial
seams were strong enough to develop substantial hoop strength which created
the general misapprehension that the tapes could also function effectively as
reinforcing bands. During the test program when the 63 ft D, Ringsail ex-
perienced opening shock damage in the crown, heavier intercostal tapes were
placed on the sail edges in lieu of reinforcing bands. The multiplied thick-
ness of these tape ends in the fell seam made it difficult to pass the material
through the sewing maching, and the usual seam forming guides could not be
used. '

Since the lapped-sail gore construction was not amenable to the introduction
of adequate geometric porosity in the crown of the canopy, as well as being
structurally inefficient and difficult to assernble, a better assembly method
wag sought for the Skysail parachute. The drive for minimum weight and

. bulk motivated the design of a narrow (1/2 inch) radial seam to reduce seam
allowances, while the need for tape reinforced radial seams to overcome the
shortcomings of the line-in-channe) construction produced the construction
methods illustrated in Figure 11, These methods have been standard for all
Ringsail parachutes produced to date with minor exceptions, e.g., the radial
seams of a few early lightweight models were stitched with two-needle ma-
chines instead of three, vertical tapes were introduced {n 1962, and tapered
line joints a year later, The subassembly of sails and radial tapes came
from traditional ribbon canapy assenmbly methods, but the roilling of sthe one-
inch radial tapes to one halt width in the fell seams was novel; it reduced the
variations in gore width caused by under and overfolding to a negligitle
factor, This was important to the basic Ringsail principle inherent in the
fullness distribution of the individual saiis betweon radials, N

The fell-fulded radial tapes have other advantages., The lower ends extendad
below the skirt provide a convenient rueans of forming an efficient tapered
splice for the suspension lines, thus eliminating the need for additional re-
inforcements such as the "butterfly' tab commonly used, Also, a recent
experiment by NASA with a modified Ringsail assembled ring by ring with
single lapped searms teinfovced with radial tapes revealed indirectly another
structural advantage. In this modified parachute the tear resistance of the
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sail edges was so poor it became necessary to add hundreds of short rein-
forcing tapes to the edges across each radial seam. A plausible explanation
is that the narrow reinforcing tapes, being at least four times thicker and
much stiffer than in the standard Ringsail construction, provided a stress
concentrating mechanism that degraded the tear strength of the sails along
the radial seams,

It is important to emphasize that the intercostal tapes on sail edges joined
end to end in the fell seam provide an effective means of augmenting the
tear resistance of cloth selvedges and as such need not be very heavy;

70 to 90 1b 5/8 inch tapes attached with two rows of '"B' or "E' nylon
thread have been adequate. However, the misapprehension that these tapes
should also carry hoop stresses persisted well into the 1960's, so most

of the Ringsail parachutes built prior to 1965 have excessively heavy inter-
costal tapes in the crown area, i.e.,, heavy relative to the strength of the
end-to-end joints in the radial seams. In some cases, such tapes were
replaced with continuous reinforcing bands where excessive hoop loads
were encountered,

Ringsail parachute construction also borrowed from early Ringslot develop-
ments which produced cloth woven to a desired sail width with special
reinforced selvedges, Some 'doupe' selvedge cloth was available but
Skysail requirements motivated the design of new weaves with triple-strength
selvedges, whence the term "trip" selvedge cloth, With trip-selvedges,

one half inch along each edge of the cloth is reinforced with additional

warp yarns to a strength three times greater than that of the basic cloth,
Woven widths of 18, 24, 36, and 42 inches in nylon cloths weighing

1.1, 1,6, and 2,85 oz/yd"‘ were used., The trip-selvedges, of course,
~substantially reduce the need for additional reinforcements on the sail edges,

The Bureau of Aeronautics, in 1960, after supporting the development and
qualification of Skysail Model D as « minimum bulk parachute for high speed
- bailout emergencies, dedided tu incerporate it in the Martin Baker sjection
. seat system then being adapted for use in all single place Naval aircraft,

" Although this parachute opened fast enough to pass the Navy's low altitude
qualification requirements at normal flight speeds {200 £t at 100 Kts and 500
ft with pre-twisted lines), it could not pass the Yoff-the-deck® ejection seat
test in the Martin Baker system with tandem pilot chutes and peak altitudes
of only 70 to 120 ft. Thercicre, Skysail Model E with D, = 29. 7 t was .

“desiygned as a minimal moditication of Model D. S

At that time the efiectivencas of vertival tapes across the crown ringslots
in promoting positive and repeatable opening of the Ringsail was unknown
and, as noted earlier. pucket bamls were believed to be of small value,

having had no measurable eifect on Model B. Thus, relative to Model D,




Skysail Model E was made with seven rings of 24 inch sails in place of 9
rings at 18 inches, a flared-skirt ring with 5% leading edge fullness in
place of the 54 degree spherical skirt ring, and a total porosity of approx-
imately 11, 5% in place of 14. 2%.

Although Skysail Model E passed the off-the-deck ejection tests and was
retrofitted in all of the Navy's Martin Baker seat system, it constituted a
step backward in Ringsail development because its performance was not
outstanding when compared to that of the standard flat service parachute

it replaced. In qualitative terms, although its stability was significantly
better, its opening shock was only marginally lower and its drag coefficient
was less (CDo = 0.7 vs 0, 76).

This bit of Ringsail history is noteworthy because a few years later (1962)

, Skysail Model D was adapted for recovery of the ASSET lifting body entry
i vehicle through the addition of two reefed stages. When it was sbserved

1 that canopy filling during the first reefed stage was slow and erratic, the
deficiency was corrected by placing a single vertical tape on the center line
of each gore across the ring slots in the crown., The tapes prevented the
slots from opening widely during the initial phase of {illing when the crown
of the canopy was slack, thereby eliminating random delays and greatly
improving the repeatability of the filling time, Had this same innovation
been introduced in 1960, the Skysail Model D may have passed the Martin
Baker ejection seat off-the-deck tests and the regression to Model E avoided. -

After Skysail Model XB-2, pocket bands were not again tested on the Ring-
sail parachute until the Apollo wind tunnel program of February 1963 (Ref-
erence 15), The wind tunnel models also had vertical tapes across the crown
8 slots, Although the two devices have similar effects, they are not mutually

] exclusive and their use together can be justified on theoretical grounds in
any Ringsail application for which total opening time is critical, Pocket
bands, by limiting the extent to which the skirt sails can blow inwaed when
they first meet the airstream, promote the early admission of air through
the viouth, Taped crown slots, as noted, prevent excessive outflow from the
first inass of ingested air to flow the length of the canopy. The net result is
‘a considerable reduction in random delays in getting effective filling started,
and the total filling time is made more repeatable .abaut its miuimum value
for any g,iven set of operational conditions,

In Septerber, 1965, the method of caleulating the basic dimensions, gore
coordinates, and sail pattern dimensions of the Ringsail parachute was
revised. The purposes of the revision were: i

a) To standardize the Ringsail design in an advanced form -

b) To simplify the computational procedure and improve the ac-
curacy of determining gore coordinates and sail pattern
dimensions




c)- To minimize the possibility of producing new Ringsail
parachutes having subnormal characteristics such as a
slack, infolded canopy when fully inflated (84 ft D, Gemini)
or excessive stress concentrations during opening (127 ft D,
bi-conical).

The new basic dimensions scheme summarized in Figure 12ia the product

of a number of different developmenta generated by the Gemini, Apollo,

and Century programs. The 84,2 ft D, Gemini Ringsail was designed in
1959 as a backup recovery parachute on the Q-4B drone program. A few
years later exigencies of the Gemini Paraglider development program led to
its adoption as a backup for and ultimate uae as the Gemini primary landing

 system (Figure 13). As noted, the fully inflated canopy was slack and exhibited

an infolding tendency that was never fully corrected, although a number of
"tight'' peripheral bands were added to the canopy for this purpose. The
deficiency wae traced to a slide-rule error in computation of the gore
coordinates which increased the average sail fullness from 4.42 to 4,71%

. of the gore width, i.e,, an actual increase of 6,1% in the cloth perimeter,

Since the width of one gore in a 72 gore canopy is only 1, 39% of the
perimeter, it is not surprising that severzl gores tended to fold inward in

. the fully inflated canopy. In other respects the basic dimension scheme
" of this Ringsail was identical to that of the Mercury 63,1 it Dy canopy and

aleo of the 88.1{t D, canopy from which the Apollo main parachute was

_derived, Neither of these exhibited the infolding tendency, but the latter
" was alack enough to have some difficulty in maiutaming a polynymmotric

.hape ina three-ampy cluster {Figure 14),

._I:.arly in ght,, develcpmem pmsram for the Apollo Earth Landing System, it
_was found that the drag of the 82, 1 ft Dy Ringsail in clusters of two and
* “three canopies was considerably greater than the design requirement at

that time. The chronic pped to reduce parachute weight and bulk motivated
rewioval of four gores from the canppy rather than design a completely
bew one. Of course, it was known from provious experience that this

" _change would also correst the stackness of the fully inflated canopy, The
o1 result of the modification was an 85,6 it Dy canopy with 68 gores and

‘s conical apex of 19 degrees (measured below the horizontal), The shape
“of the constructed profile of the canepy was described as a "truncated

ogive" luvmg a bue angle of 37 degrees. {See Figure 15b),

In May 1963, the first of two ’ Ceumtury” Ringsail programi wa# initiated
with the design of an expevitmental smode! having & nominal diameter of
124.5 feet. The design logic cinploved was necessarily conservative

{for want of any previous »sxperience withk Ringeails larger than 88.1 ft Dy)
-and is described in Appendix A of Roference 5. Quoting from the design
notes rehting to the canopy shape:
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{a) Gemini 84,2 ft D,
SAMOS 74,2 £ D,

~ (b) Apollo 85,6 ft Dy

'qg_) Century .24 51t Dy
. 128, 8 £t Dy

(d) Century 127 1t D

Figure 15. Comparison of Ringsail Canopy Coastructed Profiles
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"A taut canopy minimizes the infolding tendency and can be
obtained readily by modifying the gpherical profile to that of
a truncated ogive. This is accomplished by removing gores
from an otherwise full canepy. In this instance the desired
result was obtained by designing an oversized canopy with
116 gores andutilizing 112 gores in the final assembly, This
had the effect of reducing the circumferential fullness of the
spherical canopy by 3.4 percent,"

The expedient described produced an ogival profile with an apex angle of
159 and a base angle of 559, (Figure 15¢). Because the performance

of the new Ringsail throughout a series of five aerial drop tests with

a gross weight of 9650 1bs was unusually good in all categories, the
decision was made to use the design as a basis for the design of all new
Ringsail parachutes (see Figure 16). -

To quote Reference 6: '"Analysis of the canopy shape of the 124, 5 ft Ringsail
produced the gore coordinate formula given in Figure (12) for the revised
basic dimension scheme. In the interest of further design simplification,

. the distribution of circumferential fullness was simplified by a conservative

revigior. of that found in the 124,5 ft model. This introduced 0.5 to 3,0
percent (points) more fullness in the crown area for further stress relief

and reduced the graduated differential fullness of the major (ringsail)

arca from an average of 9.83% to a flat 8,0 percent, The latter is expected =
to slightly reduce the strong expansion tendency of the skirt on disreefing

by redncing the average angle of attack of the sails, but the performance

of an 87 {t model with 5-6% differential fullness (see Table Il and Figure 94
(Appendix A)) gives assurance that the effect will be virtually undetectable by
present methods, "' It will be noted that this redistribution of differential
fullness also slightly reduces the area of the crescent slots near the skirt and
increases it in the mid-gore region, but this is another second-order effect.,
The mos! significant agpect cf the change is the reduction in average overall
sail fullness from 4. 91 to 4.0 percent of the gore width or a net reduction of
18, 6 percent in the cloth perimeter near the major inflated diameter. Although
the relative magnitude of the change is large, its effect is slight, the

increase in peripheral tautness merely reducing the amount the sails bulge
outward between radials. This further augmentation of the aeroelastic

forces maintaining the canopy's polysymmetric shape, reflects continued
concern for avoidance of canopy slackness and infolding, particularly in

very large Ringsails,

The effective suspension line length of 1,15 Dy given in Figure 12 is opti-
mum for large lightweight Ringsails, yielding, as shown by analysis in




Figuré 16a, 124 5ft D, ngsaﬂ Opemng Conﬁguratxon Assocxated
with the ”Soft” Opemng Mode -

) F‘lgure 16k, 124 5 ft Do ngsa:l Parachute In Steady Descent
with 9650 Pounds
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Reference 5, a parachute of minimum weight W;,,- or maximum specific drag

_ area (CDSo/ w )* The seam allowance given for sail pattern layout is that . .
S required to forrn the typical 0.5 inch with fell seam shown in Figure 11 usmg ,

. two 1.0 to 1. 06 inch wide radial tapes folded together,

The second Century Ringsail program was initiated in September 1964 with
the design of a 127 ft D, canopy having the bi-conical profile illustrated in ' .
Figure 15d. This departure from the proven desxgn of the 124, 5 foot ‘model

was precipitated by two ideas: o \

a) It had been demonstrated that a solid cloth conigal parachute had:
a higher drag efficiency than the solid ‘flat parachute, ‘conse- '
quently a conical Ringsail would have-a higher drag efﬁcxency
than the original Ringsail. . . : 1

e

b) The unsymmetrical infolded shape of the reefed 124, 5 ft D/
3 Ringsail (Figure 17) was undesirable and could be corrected
> 4 } )

- 3 by changing the canopy shape,

The mechanical difference between a solid cloth ¢anopy of 45 degrees I;ias

construction and an annulate canopy with cloth warp horizontal is sufficiently

marked to warrant little elaboration, In a conical canopy, the bias-tut cloth | .
stretches freely at near-zero stress to assume an ellipsoidal/inflated shape,

- and, having less redundant material than the flat 'canopy the conical canopy

o can develop a higher drag coefficient. The conical annulate canopy on the T

’ other hand tends to hold the conical shape and the .strain resulting from :
inflation to a rounded, or even ogival, shape is attended by'hoop stresses ' o
which reach a maximum in the mid-radius region,. In short, the ongal con-
structed prefile of the Apollo 85,6 ft D, canopy with 119 degree apex is about

as close to a conical shape as appears structurally safe for any annulate

canopy of lightweight construction, All conical ribbon and Ringslot cinopies,

for example, are either of uniformly heavy construction or carry added rein-

ki forcing bands in the crown and mid-radius regions. Therefore, neither the : \
drag coefficient nor the specific drag area of a straight conical Ringsail \ '

could be expected to be higher than for the pruven design.: P \

As to the unsymmetrical reefed shape of the 124, 5 ft model, it was argued
that this could be a source of non-uniform loading of the parachute structure
E: during opening and might lead to early failures thereby preventing attain-
ment of the very lightweight parachute sought, Ih general, reefed canopies
are not noted for their symmetry and all Ringsail parachutes have exhibited
! t

¥

! t }

v
i ’

% The design drag coefficient of CD = 0, 81 proved to be a minimum value
(see Section 3,1,1), ' '
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o -this characteristic. Howevpr, there is no test evidence that under near-
e 4 L : . ultimate loading conditions the irregular shape of the reefed canopy was the

: - gource of a critical stress level, Indeed, critical loading conditions of the
T . ‘Ringsail causing extensive damage are generally encountered after dis-
— : o reefing as the canopy approaches full inflation. At this time, because infold-
SN S ing relaxes the load in the several gores and lines affected, the average load

in the balance of the canopy would be increased possibly as much as 10 per-
cent,” However, use of the ogival shape had alrzady been shown to correct
this condition in the fuily inflated canopy and the adoption of a straight coni-

: " cal profxle did not appear to be warranted, Actually, no method of improving

. 3 .+ .-. ‘the symmetry of a reefed canopy was known at that time, the efficacy of the

* g comcal shape being pure conjecture. :

The 30/60 biconical profile illustrated in Figure 15d represents the compro-
; , . . - mise made with cenflicting requirements for the design of a highly efficient
e ° o ‘lightweight Ringsail of 127 ft D, The profile is a straight-line approxima-
A -~ tion of the desired ogival profile over the major canopy area based on the

: o ‘assumption that the sharply conical apex.could be coped with by reinforce-

3 ment of the normally heavy crown rings at smali weight cost. Since, one
2 N design goal of the new program was {o simplify the method of computing :
. o v Ringsail gore coordmates, a tri~conical desxgn ca.nopy witha 15° crown, 30°

C mxdrxf, and 60°gkirt was never pursued.

The fullness distribution of the bi-conical Ringsail canopy illustrated in

E . . Figure 18 represgents an attempt to reconcile two conflicting requirements
E R - in an optional fashion for a lightweight parachute. These two requirements
are: ‘ '

. _-' . a) Introducing sufficient fullness in the leading edge of the
E ‘ ' sails tc provide necessary stress relief ‘

T b} Mamtammg canopy shape with the trailing edge

It is clear that the bias cut solid cloth conical canopy does not hold the coni-
: - . cal shape as it inflates and it obtains stress relief from the great bi-axial

' -~ elongation inherent in the cloth weave., To approximate this action in the

: - annulate canopy it is'necessary to make the gore wider in the critical stress
E 3 . reglon with the result that the conical profile becomes onion-shaped, which
B . is even more complex than the tri-conical,

_ - Aerial drop testing of the new 127 ft D, bi-conical Ringsail was initiated in
. 3 ~ March 1965 (Reference 8), After four successive failures of three succes-
; sively heavier modifications at low load levels, the parachute design was

" discarded as essentially unworkable, In each case the canopy split along a
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gore after disreefing, the rupture starting in ring #6 in test No. 1, in ring
#5 in tests No. 2 & 3 and in ring #7 in test No. 5. (The catastrophic failure
of test No. 4 triggered by a faulty pilot chute link is not pertinent.) A com-
parison of the 30 degree conical shape with the inflated profile of the canopy
at the time of failure showed rings 5 through 7 to be in a region of maximum
strain; hence, prohibitively heavy cloth and/or reinforcing bands would be
required to prevent rupture.

The 128. 8 ft D Century Ringsail (designed in March 1966) was the first
Ringsail parachute to be designed in accordance with the new basic dimen-
sion scheme of Figure 12 utilizing at the same time the new IBM 7090 digital
computer program designated WG 176 (see Section 5. 4).

The results of three aerial drop tests of this ''all new" Ringsail, one a
cluster of two canopies with a weight of 17, 720 pounds, were sufficiently
impressive aerodynamically to justify unqualified acceptance of the revised
design. For example, the single parachute performance included CDO =

.87 -.90 at a rate of descent of 27 fps, average amplitude of pendular oscil~
lations +7 degrees and a specific drag area of CyS /Wp = 51 t2/1b, Although
the two canopies of the cluster exhibited the characteristic divergence of
inflation observed in the 88.1 ft D, Ringsail clusters during the Apollo pro-
gram, the ratio of maximum to average forces for this one test was about
half that of the maxima recorded previously, Figure 19 is the only good
photograph obtained from the two single canopy tests,

2. 1.4 Ringsail Parachute Cluster Development

Ringsail cluster development embraces the Apollo Earth Landing System
(ELS). Perhaps if a new program were to begin wherein suitable time and
money was available, a Ringsail cluster possessing characteristics other
than those of Apollo would emerge, However, due to schedule pressures
which accompany development programs of the magnitude of Apollo, and
lack of any experience in clustering Ringsail parachutes, a sequential order
of events led to the developinent of the modified Ringsail used on Apollo,
The design, in its present form, is a composite of changes which were
necessitated during the development to sclve the clustering problem, What-
ever improvements might be conceived in retrospect, the Apollo Ringsail
cluster performs exceedingly well and has safely and reliabily returned all
of this nations astronauts from space. The following paragraphs recapit-
ulate the development of the Apollo modified Ringsail and, so far as practical,
gives the reasons and rational behind the decisions that were made,

The proposed Apollo Earth Landing System (ELS) was to have as its prin-
cipal components a cluster of thrue identical parachutes, Each of these was
to be deployed independently of the others so that a system redundancy of
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Figure 19,

\!

!

128, 8 ft D, Lightweight Version of the Century Ringsail
Descending nt 27,4 fps (EAS) with 9762 Pournds (Bottorn of
Damuged Gore Visible on RH Side)




50 percent could be provided by designing for safe recovery with any two of
the three parachutes operable, At the outset of the development program
the design descent weight of the command module (CM) including parachutes
was 9500 lbs and the rate of descent with two main canopies was not to
exceed 33 fps at 5000 ft msl. With allowance for an observed 6 percent
scatter in measured rates of descent, a design value of 31 fps at 5000 ft
was used, The corresponding EAS was 28, 8 fps under standard sea level
conditions with an equilibrium dynamic pressure close to 0,99 psf. The
latter numbers are significant because they show the unit canopy loading of
the cluster (W/CpS) to be high relative to that of previvus large parachute
cluster experience. One of the consequences is that the peak opening load
after disreefing occurs much later in the filling process as the canopy is
approaching full inflation, even in the ideal case of perfectly synchronous
inflation.

Prior to the Apollo ELS development program experience with the Ringsail
parachute in clusters was too limited to be represented by either useful test
data or definition of the problems. In April 1962 the design of the original
88,1 ft D, Apollo main parachute for use in clusters of two and three was
carried out with no clear understanding of the magnitude of the operational.
problem faced. The need for a conservative approach to the structural
design was indicated by Reference 10 in which the opening force data for
clusters of three 100 ft D, solid cloth canopies® exhibited the load sharing
characteristics given in Table L

These clusters were deployed from a common rigid container, housing three
deployment bags, by a single 12 {t extraction chute. As shown in Table ],
the measurad maximum opening forces compared to the estimated syn-
chronous opening load varied from nearly equal to +16%, reefed, and from
+17% to +108% on disreefing. This dramatic demonstration of the magnitude
of the cluster nonsynchronous inflation problem was not fully appreciated

at the time, and the Apolle ELS parachute development program was kaiti-
ated in July 1962 with aerial drop tests of very iightweight single canopies,
These early tests were exploratory in character and had as their objectives:

(1) evaluation of reefing oarameters and opening load factors for the nominal f _

design conditions, and {2) to produce the lightest pussible parachute struc-
ture, Some of the experimental lightweight models were so extensively
damaged by opening loads that they could not inflate: however, it was noted
that if the skirt band was not broken, the canopy would inflate despite split
gores and massive crown damage, ‘ '

* Several different canopy shapes were used: {lat, 27° conical, and tgi-
conical (18° -30° -67.5°). :
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~made similar to an equivalent single parachute of area 2 S§,, having an “

“test a month later with two canopies was characterized by "some blanketing'
- in which the leading canopy was subjected to a mwoximum load of 29,370 lbs
-on disreefing with 3 total cluster load of 31,500 lhs, Now, the worst aspects

One initial reaction to this, which overlooked the ewd#me-o( Re,feunce 10,
was to ascribe the source of the troubls to the unique inflation character.
_-istics of the Ringsail itself: the large bulbous development at the end of
_the reefed interval caused by filling through the side slots {as well as the

Later, it was demonstrated that these choracteristics aggravated non.

~ exclusive, some of the canopy modifications tested during the initial phase

*‘rhe eatpeﬁmeﬁi'al approach reflected the general weakness of cluster

. aperating theory previiling at that time, Inferference between canopies,
sometimes called "blanketing", was cousidered to be the prime source of
the trouble. ' ‘ '

Thus, at the conclusion of the first series of single parachute tests with
one stage of reefing, structural integrity of the lightweight 88.1 ft Dy
Ringsail had been demonstrated for maximum opening loads of 17, 300 )bs
reefed and 19, 000 lbs on disreefing; these were about equal to the probable
synchronous opening loads of a two-canopy cluater.

In anticipation of cluster rigging requirements, the 88.1 it Dy Ringsail had
been designed with an effective suspension line length of 1,40 Dy. This
was done to increase the drag efficiency of the cluster relative to the con-
ventional approach using 1.0 D, lines along with long risers to obtain
effective canopy separation at a moderate angle of attack, It will be
recognized that the general configuration of a two-canopy cluster can be

effective line length equal to its nominal diameter, by providing a combined
lengik of lines and risers equal to r 2 Do on each of the two canopies,

The first mree-cinopy cluster test was performed in December 1962, The
failure of one canopy to inflate caused by a fouled reefing line did not
signal the existence of 3 serious problem, However, the second cluster

of the cluster operational problem had been demonstrated: nonsyachronouns ¥
inflation tended to degrade system reliability and substantially sugmented s
the peak loada to w!nch each member of the cluster might be subjected,

canopy mouth) and the rapid growth to full inflation following disreeling,

synchronous opening but did not cause it, Thus, a concerted attack on
the problem that was launthed early in 19563 was tnainly concerned with
reducing the canopy growth during the reefed interval and increasing the
filling time after disreefing, While these objactives are not mutually

of the investigation aitacked one at the expense o( the other ami only
succeeded in worsening cluster operation. . 4 :




Two other tributary factors were recognized. (l) non-synchronous de-
ployment cauging the canopies to arrive at line stretch and start filling
. at different times and (2) non-synchronous disreefing due to variations in
reefing line cutter initiation and timing. * The former was of relatively
small effect and, being difficult to control with three independently deployed
parachutes, was neglected. The latter, on the'other hand, was not negli-
gible 80 long as cutter timing variations remaine ! a large fraction of the
~disreef filling time. Hence, considerable thought and effort was davoted
to both reduction of pyrotechnic cuttex timing tolerances and the creation
of a synchronous disreefing system. However, no practical synchronous
disreefing system was developed, and the best that could be done with
pyrotechnic line cutters was a reduction in timing variations at any given
temperature frory 10% to £7% appreximately. Therefore, the most
‘ promiging course was to effect a substantial increase in the filling time
of the parachutes after disreeiing. . -
‘The experimental test prograim was earried forward in the wind tunnel as
well as with full scale:aerial drops of two- and three-canopy clusters.
. Two different series of tests were perfarined in the Ames 40 by 80 wind
“tunnel at Moffet Field, The wind tunnel models consisted of both {ull scale
stagle parachutes reefed and one-half and one-third scale models. The
~ane-third scalé models were allowed to-disreef and inflate fully in the
tunnel. A one.third scale cluster was also tested, '

- Presented in Table Il is & summary of the different modifications of the
- basi¢ Ringeail design that were tested doring the experimental attack on the
" cluster non.synchronous oponing probles,  Additiona) variations of these
modifications apd a few novel configurations were tested in the wind tunnel
- a® noted in the following discussion. ' ' : :

u

~The first group of wind tunned models tested in February 1963 consisted
of five full gcale D, = 28,1 ), wse halt seaie Dy = 44 {0, and two one-

- third scale (D, = 28 {t) Jest spocimens, #51s an dssortnent of four different
shaped canapies of 24 to 32 & D, (Reforohes 13}, Thirteen diffecent Ring=

- #ail configurations were wvaluated including osne cluster of twe 28 t D,
canopies, . However, dud to & Figging erverihe cluster test was inconclusive,

A fairly well defined garrelation was fousd Yetwpen the differences in
- digreef loads of the leading and ligping consguns apd their respective
“digreefing times, as first resorted in Refetence 11, and as develaped
- wiors fully later i Reference §2., - e S
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Configurations in Table II represented by wind tunnel models included
PDS-1543 and PDS 1543-535, All full-scale models had a 10 ft D, Ringslot -

- pilot chute attached. The canopy modifications evaluated were relatxvely
minor. Pocket bands and skirt stiffeners were added to promote more
uniform reefed inflation by reducing random variations in the initiation of
effective filling. As noted, vertical tapes on the gore centerlines extending
across all slots to the skirt were aimed at reducing aerodynamic inter-

- ference between canopies by reducing inflow through side slots.

Steady state airflow studies of the unmodified parachute reefed in the range
of 8 to 13% ,Do (with rings on radials) produced the results illustrated in
Figure 20 as an aid to understanding how clustered canopies might inter-
fere with each other while reefed. The effect of the modifications oa the
inflated shape of the reefed canopy was evaluated in terms of maximum
inflated to skirt mouth diameter ratios and the distance from the skirt to
the maximum diameter., The extended verticai tapes had no significant
effect on the inflated shape but increased from one to four the number of
skirt rings stabilized with all sails blown inward between radials (Figure
20h). A measured reduction in reefed drag of approxxmately 18 percent
was attributed to this change in airflow over the canopy.

The variation of reefed drag with reefing ratio and with canopy scale was
evaluated for the unmodified Ringsail design, The results had no bearing
on the cluster operational problem but appeared to confirm the general
increase of drag ceefficient with scale observed with fully mﬂated Ring-
sails of differeat sizes in free descent,

‘Reefed inflation time cf the full scale models was evaluated, the results
indicating no significant effect of the stiffened skirt, early development.of
a steady inflation rate with pocket bands, and slower inflation with vertical
tapes extended over the lower slots. Evaluacion of the reefed filling time
in terms of the dimensicnless ratio vtf/D, for the three canopy sizes
yielded values within 10% of a ‘¢onstant 8,5, The disreef inflation time was
evaluated for the one third scale Ringsail model and the other small para-
chute models, Of possible significance is the observation that the Ringsail
value of vt;/Dy = 1,09 was 20% greater than for the solid cloth circular
canopy and 40% less than for the solid cloth conical canopy,

Steady state reefing iiné loads were also measured, adding to the useful
general information produced by the wind tunnel program. On the whole,
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" the results of tms fzrst series of wind tunnel tests of modified’ ngsa11 BRI . S
-parachutes produced no conclusive evidence bearing or. the cluster’ ‘oper-

- skirt appeared to have the desired eftect of reducmg inflow through the

- f' of one-third scale- models was recommended.as an economical method of - S
. evaluating the, effectb of further modzfu,atzon of the Apollo main parachutes. ,._‘

The second group of wind tunnel models tested in Ocrober 1963 consxsted e
. "of six full scale and one, one-third scale test specimens by means' of which_

- scale configurations were duplicated in one-third scale (Reference 16), -

{upper 50% of ring 5 removed), Other .configurations had all of the crown
‘removed plus provisions for both radial and mid-gore reafing. lhtermedlate =
- canopy reefing for the purpose of forcibly reducing the diameter of the =~ .. -1~
inflated bulb was tested in both full and one third scale models witha -~ =

u;unfavorabxe effect on the shape: of the’ reefed €anopy. R A .

: _AMost of the one third scale models were tested with different reefiryg! ratios: e

Dy Ringsail restrained only by a long riser, The reason for this is Ty

-open, The vesults mdmated that a wide slot bordering the ringslot crown o

ational problem. . It was observed that pocket bands "promoted rapid mxtxal
reefed inflation" which could be consirued to also promote more umform e
reefed inflation-of clustered canopies. The vertical tapes extended to ths

side slots, but whether or not this would benefit cluster operation remamed
to be demonstrated, Additional wind tunnel testing of two-canopy clusters

it was possible to ‘evaluate 35 different conflguratmns, of 'which three fall

Configurations in Tablell ‘represented by wind tunnel models included -~ EENG
PDS 1543-535 (vertical tapes extenaed to skirt); PDS 1543-547 (all of ring -
5 removed); PDS 3120 {increased geometnc\poroszty) PDS 1543-533 SR .

slots covered in combination with 25%, 50% and all of rings 4, 5, &6,

second reefing line installed inside ring 7.’ This proved ’to have a very

both with and without an attached pilot chute of 3,4 ft D . 'Two fall scale .- -
"high' porosity configurations wete tested in which 1, 9 mches -and 3,8 ‘ ‘
inches of material were removed from the trailing edges of all rlngsalls B
below the ringslot crown to increase the total porosity by 25% and 50% \ '!
respectively, The effect of these changes in canopy ventilation on the. -~ -
calculated porosity of the different wind tunnel models is summarize& in .
Table LUI. For the most part, these modifications were aimed at reducmg
the reefed canopy bulb diameter, but one full scale test was made with a;
10 ft diameter guide surface canopy riding inside the mouth of the 8.1 ft’

not now clear because the technique was designed to-accelerate the opening
of the canopy mouth where a very short total filling time was needed in a N
non-reefed parachute, Altogether, 159 wind tufinel runs were made at low R
dynamic wressures ranging from 2,5 to 20 psf, Data were accumulated on - Ty
reefed drag areas, projected diameters, and, for seweral one third scale
models, reefed filling times and the filling time from the disreef to full,




TAB LE III !

POROSITY VARIATION or THE WIND T UNNEL MODELS TESTED K

. Geometric Porosxty _‘ ' 2 : o
I Model Descnptxon o Material _Total’
e 'Basxc Model With: : Sku't Area ‘°‘7°“ Area Porosity Porosity
| | ' na ()| Asl2.12 | he(B) | Ac/L.50 | A | (%) | Aen2l|
*|OpenCrown ' | 202 |1.00 |1.20 | 1.00' | 3.59 | 7.2l | 1,00
. | Closed crown , | 2,12 | 1100 10,17 | 0,1 3,60 589 | 0,82
- : S e A - i ' 4 T
. #50% Row No, 4 : 1 N R
b ¥ - . .lremoved open 2,12 11,00 4,36 2,91 | 3,55 [10.03 .|
¢ ’; L] " icrown ’ : o ! i :
BEF | *100% Row No, 4 * ~ ! B |
B8 = ' - | removed cpen 2,12 11,00 16,80 { 4,53 | '3.48 - 12,40 1.72
: T YL ‘ I P :
' {25hRowNe. 54,0, )00 |1.88 | 1.25 | 3.58 | 7.56 | 1.05
' closed crown ' : i . ~ . o
. R : . —l
y L . . % .|-50% kow No. 5 5 _ Lo ,, oo -
B . -|removed closed ' | 2.12 [1.00 3,40 | 2,27 | 3,54 9.06 1. 26
- crown . . Lo ’ ; ] '
N ' - _‘ 1 - R ies e
Lo 100% RowNo, 5 : . % B : :
., lremoved closed | '2.12 {1.00 6,43 :-4.28' | 3,50 12,05 1. 67
v |crown i N -
. (160% RowNo. 5. 1) 15 1,00 {710 ' 4,73 | 3,49 [13.38 | 1.85
icpen crown - L b - :
%%k RowNo. 6 4,y 00 1217 | 1,45 | 3.57 | 7.86 | 1.09:
oo D:;losed crown i - ! o , ]
B i ) L K |
1150% Row:No, 6- ' '_ (- . - ; K :
removed closed  |.2.12 | 1,00 4,101 | 2,74 | 3.50 9,73 1,25
. ' ) { ) } :
: LC‘I"_‘OL : L ) ; L.
. i - ’ 7 { ! \ } - '
, 1100% Row Now & 4y 1p iy 00 g3y s 55 | 324 13.78 | 1.91
’ clnaed crown [ i S N b n
h -— l * ‘ - ) - s e et s VoA
! i l oo, . .
L !!IOO% Row No, 6 ’I 212°01,00 |9.48 6,32 | 3.33 15,11 | 2,10
! - - |open crown- ! o . ’ j "

S Matenal remcved from leadmg edge of sail row rather than trailing
_ edge as on Row Nos. 5 and 6 Porosxty values'calculated per
\ Raference 5. '

1.39.4 .




\',width of the slot and the reefed filling time decreased at the same time

"Quantitative. eva'luation of the effects the Ringsail modifications had on

“is based on the opening loads reported in Appendix A of Reference 13, The
~ criterion of cluster performance is the same as that applied to the 100 ft D,
"solid cloth parachutes in Table'l, However, in Table IV only the data for-

" tests showing a maximum:ratio” of Opemng force to the average are ngen
for each modification. :

~ enourh to lengthen the filling time after disreef. Extending the vertical

-ireffectual because only the reefed filling time was increased,

~because of its cluster performance (Table IV) but because of the exaggerated -

‘was made to abandon this idea.

- reliability; one of the one-third scale niodels had been marginal in this
. respect on disreefing in the wind tunnel, The reduction in reefed bulb diam-

produced the greatest reduction in reefed bulb dianﬁeter and that ring 5
was the best location for it, The bulb diameter decreased with increasing

because the volume to be filled was reduced., On the othex hand, the {illing
time after disreefing increased significantly with increased slot width,

cluster operation was possible only for those that were subjected to full
scale aerial drop tests with suitable instrumentation. The following analysis

It is clear that maximum measured values of F/Fav for most of the con-
figurations tested might be increased by performance of a statistically

adequate number of tests, but in some cases the results of one or two tests

were sufficiently extreme to justify rejection of the modification, Outstand-

ing examples are PDS 1544, PDS 1650, PDS 2071, PDS 1543-535, and

PDS 1543-549, A reduction in sail leading edge fullness to minimize inflow . ™
through the side slots also reduced total porosity and simply accelerated

the rate . { inllation after disreef. Increasing the crown porosity by en-
larging the ringslot area of the canopy did not increase the total porosity . -

ta) ¢s the full length of the gore to restrict filling through the side slots did . .
nct have the desired effect and canopy {illing after disreef was accelerated, :
The use of short suspension lines to slow down canopy filling was largely

PDS 2072, a hybrid Ringsail with a solid cloth crown, was not rejected ' - ~ g

balloon-like development it exhibited at vhe end of tiie reefed interval, This .
modification -sharply accelerated filling after disreef, A total of six full -
scale drop tests, two of them with clusters, was conducted and the decxsxon

Considerable effort also was devoted to optimization of the 'width of the slot
in ring 5 by means of full scale aerial drop tests, The object was to obtain
the smallest possible reefed bulb diameter without jeopardizing opening - -

eter by the addition of the wide slot was given considerably more waight
than the increase in {illing time after disreefing that attended it, Conse-
quently, a new high porosity Ringsail model {PD 3120) that showed no". -
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significant reduction of the reefed bulb in the wind tunnel yet which promised
a substantial increase in both reefed and disreef filling times was dropped

from the program without further test evaluation.

Due to schedule pressures, experimental model performance in the wind
tunnel dominated technical decisions. The adoption of mid-gore reefing is

an example, The full-scale models tested in the wind tunnel with mid-gore
reefing exhibited a high degree of poly-symmetry, each sail being held tauntly
inward between radials, Drop tests made prior to this on an experimental
basis had exhibited no overt difference in reefed opening characteristics of
the Apollo parachutes with mid-gore reefing, At least two reasons for this
can be cited: (1) the reefed filling time was not long enough for the poly~
-symmetric shape produced by a taut reefing line to develop; (2) only the
_skirt ring of sails was controlled by the reefing line, the others remaining
free to flutter in and out at random, (except on those models with vertical
tapes on the gore centerlines extended across all slots to the skirt), While
mid-gore reefing has worked very effectively, we cannot show conclusive

data that it was superior,

While it cannot be said that a statistically adeqi ate number of instrumented
cluster tests has been performed with either the original €8,1 {t D, Ringsail,
the 85,6 ft D, model with four gores removed, or the modified 85,6 ft D,
design adopted for the Apollo Earth l.anding System, comparison of the
maximum force ratios in Table IV indicates that scme improvement in
cluster operation may have been realized. Recognizing the possibility that
the number of canopies in the cluster also may have an effect on synchro-

nism of inflation, the comparison is made in Table V.

TABLE V

MAXIMUM FORCE RATIOS FROM TABLE IV

Numbfar of Canoples Original Ringsail Modified Ringsail
in Cluster s 15 e e i e
CTest Noj Disreef

Digreef Test No
Fiax/Fav * | Fmax/Fav

- J: [ o w .,mr e b ot o S AR Hn A 3 e .4
2 26 - 5h 3, by 48-4 1,49

L dl=l Sl e i

! 3 13.1 i .44 e 2% . l.03 ‘

L ! SRR L

* Test 29-2 may be considered invalid because o pilot chute separated

from one of the main canupies,
#¥ Test 26-5 may be considered invalid because a planned difference in
reefing line cutter operation i 1, vecond was used and the actual

difference was 1, 33 seconds,




The fact that the results of the three-canopy cluster data are negative was
apparently overlooked at the time, because the individual parachute loads
are greater in the two-canopy cluster than in the thrae canopy cluster.

The ratios shown in Table V indicate that the maximum probable opening
load after one stage of reefing may have been reduced from 151 percent to
149 percent of the maximum synchronous opening load of one parachute in

a two-canopy cluster, This difference is small and the comparison is incon-
clusive because of significant differences between the two parachute systems
and the way in which they were tested. The secondary goal of the develop-
ment program was attained in that the bulbous development of the reefed
canopy was substantially reduced, The design modification responsible for
this change in Ringsail behavior was the wide slot in the crown of the canopy
formed by removal of the upper 75 percent of the width of ring 5. This
increased the total porosity of the canopy by 73 percent (from 7. 5% to 12, 5%)
and reduced the drag ccefficient by 12% (from Cp, = .85 to Cp, =, 75). The
effect on canopy growth during the reefed interval in terms of drag area (CpS)
was marked {down from 90% to 20% approximately), the wide slot falling at
the periphery of the reefed canopy at disreef. The reefed filling time was
reduced because the volume to be filled was smaller, The filling time from
disreef to full open was increased by two factors: (l) the greater differential
volume to be filled starting with a smaller reefed volume, and (2) the in-
creased ratio of outflow to inflow produced by the higher canopy porosity.

. The increase in filling time from disreef to full open was estimated to be
~approximately 50 percent. The stability of two-~canopy clusters was im-
proved, the average amplitude of pendular oscillations being reduced from
+8 to %3 degrees.

The design limit loads applicable to each of the three parachutes in the
cluster as reported in Reference 12 are:

Reefed opening 21,400 lbs
Disreef to full open 25, 000 1lbs

The maximum cluster load calculated was 49, 700 lbs for three canopies
opening reefed, Probable synchronous opening loads calculated by the same
method are: '

Reefed opening 16, 300 lbs (ea of 3)
Disrveef to full open 17,000 lbs {ea of 2)




The maximum load ratio corresponding to the limit design case on dis-~
reefing is:

25, 00
17, 000

Fmax/Fav = =1,47

While this may appear to be slightly unconservative in view of the test results
in Table V, the difference is small relative to the errors inherent in the
method of load prediction (e.g.,, see Referencs 14).

Several reasons for the improvement in cluster cperation of the modmed
Ringsail have been given:

a) Reefed drag area growth stopped at the 5th ring.

b) The smaller reefed canopy volume to be filled made it
easier for a lagging canopy to catch up with its mates by
the end of the reefed interval,

Reduction of the bulbous reefed development reduced
aerodynamic interference betwesn canopies,

The increased filling time after diareefing reduced the
retarding effect of the disreef time differential on
subsequent inflation of the lagyging canopy.

The changeover to two stages of reefing for the Apully Block I Heavyweight
after the gross landing weight increased from 1, 000 to 13, 000 lbs (approxe
imately) did not degrade cluster performance. The maximum recorded '
force rotio for the final qualification tests with three-canopy clusters was
Fmax/Fav = 1, 49, the same as that {or twoscanopy clusters in the Block I
system. Since the synchronous opening load for normal entry with 2 drogues
and 3 mains is in the order of 10, 040 lhs on each parachute in the cluster the
probability of any one parachute heing subje.ted to a peak load greater than
15,000 ibs appears small, Structural inteprity of the pavachutes has been
demonstrated for each opening stape with measured individual loads of
30,000 to 33,000 lbs (apureoximately). Therelore, the structural reliability
of the Apollo Block Il Heavywaipht main parachuie ciuster is very high.

Ag noted, the history of Ringosi! claater dovelonaient includes one aerial -
drop test of two 128, 8 ft D, "Century” parachutes with o grose load of
17, 720 lbs, {Hee Frontispiocv.,) The test was pevivrmed en 27 October 1966,




The system was launched from an aircraft in level flight at approximately
150 KEAS and 10, 000 ft altitude. The canopies were reefed 13 percent D,
for 8 seconds, Depleyment and opening took place in a normal manner and .
the peak loads are presented in Table VI

TABLE VI

MEASURED OPENING FORCES OF TWO
128.8 ft D, RINGSAILS IN CLUSTER

Canopy Max Reefed Fp Foicg Max _Diéreef Fo
No. 1bs. Ratio at Disreef lbs, Ratio
M-1 19,400 | .94 7.1320' 13,600 | .67
M-2 21, 800 1.06 13,900 27,600 | 1.33
(Avg.) | 20,600 | 1.00 - 30,700 | 1,00
.

The time sequence of eveats is given in Table VIL

TABLE VI -

CLUSTER OPENING TIME SEQUENCE OF TWO
128.8 ft Dy RINGSAILS IN CLUSTER

Canopy | , Eye}m time after line stretch.gseconds ,
No, - Fp max | Disreef F, max, | Canopy full open
M| .88 | 6.41 | 9.5 |  18.25
M.2 2.69 | 8.%9 9,67 11,26

i

With a unit canopy loading of 0, 81 psf, the system descended at an average
velocity of 26. 1 fps EAS (Cp,, = » 84), and the average amplitude of pendular
oscillations was +2 degrees, The cluster specific drag area for this test
was ECpSe/ EWp = 48 (e2/1b, L

It will be noted that although the lagging cahopy disreefed first, the small
lead of 0, 18 seconds did not prevent it from continuing to lag on a divergent
course as the lead canupy contributed an increasing major fraction of the
total force causing deceleration of the system, With a maximum force ratio
of 1. 33, the cluster nonsynchronous inflation characteristic is roughly




H

comparable to the average performance recorded for ail parachutes teated
during the Apollo Block.I main parachute development program. Had the
lead parachute disreefed first, then the maximum force ratio would have
been much higher. :

In order to understand the basic cause of the cluster inflation problem it is

necessary to employ more precise language. Terms like Yaerodynamic

- interference" and "blanketing"” do not describe what is actually happening in

a cluster system, and it has not been possible to quantize a flow field through

and around clustered canopies that fits such a description, For example,

- when all of the canopies begin to fill, their mouths lie in the same plane

" normal to the airstream, and their initial inlet areas are nearly equal. The

_only change in inlet geometry visible during subsequent inflatisn is the

flattening of common boundaries as the canepies come together and their
areas begin to diverge, i.e., there is no blanketing in the sense that one

canopy obstructs airflow into another, :

During the course of the detailed study of the Apolle parachute sy stemn re-
~ ported in References 13 and 14, an analysis of parachute load prediction
methods brought to light a possible mechanism behind the cluster inflation
problem. It has been described loesely as Minflation instability induced by
system deceleration. " The physical process is ¢larified by consideration
+ of the equation for the tangential foree produced by an inflating parachute,

e -
N} }) -

. s N . . : & 5 »
Cbz,sq fomy (mﬂ % vmp} \ \’op snﬁ

i) '(2) {3 C{4)

The !irst term represenis simple aer@mymmw drag. The zecond term is
. the momentur of the incoming airmass: & large positive quantity, The

third term représents the inertial force of the parachute and the air mass
moving with it caused by system deceleration, & negative quantity whith is
sometimes preater thin the fiest two tetmy sombined.  This jatter event
becomes visible as a momentary disupling 27 Haltening of the cancpy at the
cend of a periad u! rapid inflation le, g, see Figure 33 31 15,1 seconds). The
fousth tervw is the tanpestial weight compuonent of the parachuie, sma!l emmgh
- to be negﬁeatecﬁ in wicatl systefns ’ : :

It s the third ftesa that dentiliss the souige g-—;‘%m Aalion hetebility in
clustered canopies, v, the syates decelesation whid unlike tha. of the
single parachute syatém, is vacwupled irom 91 independent of the drag
growth of the individual caneies. The sysfem is idiffe.ent to the sonkce
of the deceleration, whethsy prodaced ny ail, pastov oy one of the ¢anopies
in the cluster. The euest of fiis cov smmJ “auntetatich oh the Lirmass in
each canopy is {€it as a reduction wn ufeseatial piessure actoss the Canopy,




the air mass tending to continue moving at its initial velocity, and, of course,
this diminishes the motive power forcing air to flow into the canopy at a time
when the free stream dynamic pressuva is dacaying, The slightest hesitation
on the part oi one canopy to ingest air at the sams= rate as its mates will cause
it to fall behind or lag in a divergent mananer until the system deceleration
drops to a low level. Lacking any stabilizing mechanism, inequiiable inflation
and icad sharing is the most probable mode of operation, as all test evidence
iilicates.

In the co:aparison of different cluster systems, maximum and average decel-
eration leve:s during canopy inflation would be the governing criteria. Thess
are functions of unit «anapy loading reefed and disreefed and of the average
fiight path angle. Thuse factors were neglected in the foregoing compavsison
of the Apollo cluster systems. The actual difference in unit canopy loading
was not negligible because the modified Ringsail was both smaller and had a
lower drag coefficient than the original design. The effect of this on the unit
canopy loading of fully inflated two and three-canopy clusters with W = 9500 lbs
is shown in Table VU{ for bath the 72 and 48 gore models.

TARLE vii -

COMPARISON OF UNIT CANOPY LOADINGS GF
" THREERE AFQLL&) PA RACHL? E %YS'*‘Z:.M&

Eu.e ppid T . -y
"1 Ringoail Design ! Qtigia&i :tgv.isgé. : Mﬁm{:ed {&pn!iﬁ)

e m—— = s

' Model Designation | Pns 1843 | PDS 1843 __ B 661507

S YA

N 21 T2 ke el Smiacs o’ WAt iduipdd

Nominal d;ameter

88,1 {72 gbre} 1 ,;;sgggaa ;ﬁﬁ:&} B8, 6 (68 gorve)

e ¥ e zey e .

@\R}
"%mﬁ;er of Nmp:es -
in e,lt.ssec & 3 “ 2 3
| i’fﬂg coel, c 3 A. YT ’ \,. N . E -y e
_ {Table V1 ae:.? B Daaiat TR au st B
E ﬁﬁﬁsﬂ il’t T, 380 1 15,093 9.?30 8, 540 {12,515
?y SNSRI T B - - - . - PPRCE o ,,,,Aiv B ‘‘‘‘‘ R - _
Wi L{.ns wsﬁ N 2 ! B35 .97@ 1.8012) ,738
Ratior 2 camsv,f:ies 1.0 .- 'l. 0‘5 1,206 -
'_a L3 *a'w;}iés - 1.0 -e - _!,214 _
-:\m);‘-otéﬂra e o 5 -
| deceleration ratip | 0 | 10 RedU el Mitad




in general, the average system deceleration is inversely proportivnal to the
unit canopy loading for parachutea of similar inflation rates. Thus, in the
absence of an inflation stabilizing mechanism, the effects of nonsynchronous
inflation could be expected to be more scvere on the average for the eriginal
Apollo cluster than for the modified system on this ground alons.

2.1.5 Summary of Ringsail Parachutes

Dasign and performance data for the different Ringsail parachutes of stan-
dard deaign built and tested in single canopy systems are summarized in
Table IX, ¥or purpeses of clarification, a 'standard" Ringsail is one which
has a spherical or ogival constructed profile without any wide slots or modifi-
cations of that natare. A "modified" Ringsail is one which has a constructed

. prefile other than spherical or ogival in nature (such as conical or bi-conical)

or incorporating wide slots such as the Apollo or PEPP Ringsails, A symnbol
ende is provided for idantification of the different Ringsail models in the
graphs. Additional symbols jor moedels not listed in Table IX will be found

in Table XlI. The characteriztics of the modified Ringsail used in the Apolle

" ELS main parachute cluster are outlined in Section 2,1, 4 and Appendix A and

performance data ars given in Jection 3. Similar data for modified Ring-
sails designed for other more specisiizsed uses are given in Appendix B.
The special purpose Ringsails included 2 steerable version known as the
"Glidesail" {(Reference 17): a target canopy of an aevial recovery system

in which the primary was an annular parachute {(Refevencs 4); and a candi~
date design in the NASA program for development of 4 planstasy eatry ;usm

- chute {or the Viking Mars Lander (Reierence 18).

2,2 . PRESENTY 3‘3:\TUS Oi‘ RINGSAIL DESIGN AND OPEE{&TK)N&L

THEORY

The presém concept of si optirnized Ringsail parachute desigs for general

use is repredented by the 128, 8 it Iy, Contury Ring@aii of "wmid-weight"
construction, This parichute conforms with the basie dimension scheme

o given in Figuve 12 and has exhibited superior performance in all categories,

both individually and in a cluster of twe {(Refevence Bj. When comparison ie
made with other parachute types undes conditicns of egual scale, carepy
loading (W!ug& : 0. B3 psf), and stability of descent {- €7 a drag coef- -
licient 6{ Gyy, = 0.7 appears to be cﬁcemnmai Even the lightweight model
desceading with twe split goves had (.wa : 6,81, which squaled the deuign

drag coefiicient. Although the canopy i:ﬂmt ime vemiains rélatively short,

the epeaing lcad factor ta madevate, enabiing a spacilic dvag wrea greater
thass TS /Wy = 31 paf to be altaine’ in 3 well balanced structure desigrad
for deplayient ax 3? 08 feot altitude and 4§ = ‘Dv ;m,. The design limit
spening load for theae wmimﬁns weuld he Fy » 2.(:. @»G 303,




The statements in paragraph 2. 2 are qualified-by the following cons1deratxons

pertinent to the performance evaluation. o Lo Ty

a. The number of tests performed was insufficient to
establish {irm averages. ’

“b. The pilot to main parachute drag area ratio was 0,005
and the pilot chute was permanently attached to a specxal
bridle harness on the apex of the main canopy.

The drag of the attached pilot chute was believed to be large enough to influ-
ence the reefed opening characteristics of the main canopy by retarding its
rate of growth. This appears to be borne cut by the quasi-flatiened shape of
the reefed peak load for approximately 1.5 seconds as shown in Figure B8 of .
Reference 9. An examination of Figure B15 of Reference 9 (see Figure 35) - -
also indicates similar peak load flattening in the force tracings of the indi-
vidual parachutes of the cluster. The characteristic "'spike'’ which accom-
panies reefed inflation of Ringsail parachutes without attached pilot chutes
(see Figure 34) is not there. The force tracing of the Gemini parachute
however (see Figure 33) shows what could be interpzseted as a quasi-flattened
shape at the reefed peak load similar to that of the Century parachutes refer-
enced above. The Gemini parachute however did not have an attached pilot
chute, Therefore, the total effect of an attached pilot chute on Ringsail
performance is still not clear and should be subject to system analysis. The
following deployment options are open to the designes: ' -

a, Use of the drogue as a pilot chute when cou.patible with
the system configuration and reliability goal.

b, A free pilot chute which carries the deployment bag away
with it,

¢, A permanently attached pilot chute stowed outside the

deployment bag, both being retained on the apex of the
main canopy with a strong bridle,

56




STANDARD RINGSAIL PARACHU.

{ } Denotes design values not verified by test

Symbol Ringsxil Saeics Reefirg Design Conditions {Design)
D, | No. | No. | ¢ R | % | At | Weight | Altitude{V max} qLim |F, Lim | Y
s & (ft) | Gores| Rings "bao en D, [(Sec)| (ib) w (EAS) {psf) () | (tps)
KTS
< s 16 s | ..s9fn2 ni.0 {none} 200 7,000 200 {135 2,100 {(34) |(.5b
_ ' 4730 (R} 190 {120 (R)
<O }i8.3 15 6 9337, 8 6 ° | 230 (DR} |10, 000 134 | 61 (DRY 3,000 | 42 | .59
S, 2 . .
2.1 u | 2 3.7, {none) 200 | 7,000 | 200 | 135 |2 500 | (24
. ite.8 | . ;
2%
Q |« #7 708 |10 | 4 325 | 1,000 | 377 | 482 {4,000 |(31) (.64
— la.5 28 9327, 4 0 | 10 4 1,650 15,000 | 272 250 | 6,200 | (55) |{.68
\ARFIN 24 93127, , {none) 270 | 1,000 400 542 | 6,700 [22 |.67
N {296 24 £9312.74,, ", [10/20 [6/6 | 1,085 |25,000 232 182 | 4,400 [44,5
Y a7 24 93197, o {none) 270 | 1,000 350 410 | 6,000 J(21.6) (.70
q (3o 32 103112.8,,, , | 12 3 545 | 1,000 351 422 | 7,500 | 25 | .68
2 |45 40 P91|3.15, 10 4 550 | 1,000 350 410 | 6,000 |23.3 |,66
O (4.0 2.1 9 .93 2.42,, 4 | 10 2 635 | 1,000 351 422 | 7,500 |24.1 [ .70
— |4l.0 32 ] ;9; 2.42” 8 9 2 694 |21, 000 285 274 [ 7,600 | 25
B {40 2| 9 {-8 2,42, 4 | 14 8 | 1,300 |&9,000 150 7% | 6,000 | 35 | .62
.93 ' . (. 68
O [s6.2 48 9 97194, | 10 6 950 |15, 600 130 57 | 4,500 |20.5 (.78
— {86.2 48 971094, 10 900 | 1,000 172 100 | 5,000 |(20) {(.78
C [|eso 48 | 10 .92 - it 1,900 {15,000 a7 159 | 8,000 |26,5 | ,73
O e 48 | 10 .97 4 12 4 2,340 {10,000 150 76 {10,000 |14,0
' - 27,9
O |2 80 | 12 94|186,, |12 6 1,760 {50,000 139 66 (11,250 | 20,6
Q 8. 72 |13 S EETR .y 8.3 4 2,980 {12,000 205 142 110,000 | 20,5
O |82 72 | 13 (L2, o | 108 4,400 |lu, voU 190 126 16,060 | 29.6 | .76
e -~ i
V 88, i 72 12 LavlLs,, , 13 4,750 {10, 000 151 77 22,000 | 27.8
— | 88,3 12 | 14 L4011, 79)), o | 13 4,750 |10, 000 190 122 123,000 |(27.5){{. 85
O s | 2 |7 1.40{1.96,0 , | 11.5 9,500 |i5 000 137 64 |28,000 |(27.8)
<) fhess | o1z a2 118}2,08, o | 32,5 I8 9786 |15, 000 137 64 [28,000 ! 26,4
9, | L 9762 27,9 | .81
O ee.s | use | 27 [ nasja 24, | NR |8/5 | 20,560 18,000 | 153 80 140,000 ) 26.0
(1) Average pack density (3) At altitudes below approx. 20, 000 ft; WL Des
6 15.40 degrees between 20, 000 - 50, 000 ft Syn
{2) With cylindrical bomb (4) Lightwelght design had parts of 2 goras split N.R. = No
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1
TABLE IX
) - ! . 1 ' .
AGHUTES - DESIGN AND PERFCRMANCE DATA ‘ :
Performance Weight Status References . Date Total
Number
cDo 8Avg, CDS° w (1) Active vs Inactive 3 R R . . of
(£ Deg) | — Pl é Retired - Reason Drawing Program &/or Design | First |' Tests
(3b) |Qb/ ft3) Operational System No. Application fest }
(e2/1t)
(. 56} 5 - | 46| 22 |Retired - Mrtoo high 62746 RP-76 Recovery I 8I57 | N.R.
59 | s-lo 9.1} 5.6 | - Active R-6204 | Gemini R&R Pilot/Drogue | 6/62 | B8/62 4
.65 - - | ] 22 Active 80165 RP-76 Recovery 11 .
(- 64) - - 83| 22 Inactive R-3656 | Redstons FITR '
(.68) | 5-10 - 140 22 Inactive 66850 Test Vehicle Recovery. . , )
.67 7| 3861109 | 22 Inactive R-3220 | Skysail Mod D "oeise |
.67 5 22,8 [14,0 - Active R-Sblb Asset Recovery 10/62 1 1/621 9
{. 70} | 10-15 - jta.2 28 |In navy mart in Baker System| R-3230 Skyeail Mod E . ] 9760 )
.68 | 15-25 - 19,0 25 |Ratired - ¢ too large R-5001 | B-58 GES Recavery 1 1/6¢ 3/40 ) ‘
.65 [ 10-15 31,2 |27.4 22 |Retired - WP too high SK.7036 | RP-77A Recovery 74 11 10/58% $
.70 5-1(2) 42,3 121,9 | 45 Ope rational - |R-5044 |DB-58 GES Recovery II 5/60 | 6/60 L1
11 (2 . . .
.70 - 47.2 {19,¢6 - Inactive PDS-1859 | Sud Nose Cone ) 7/63 ] .
62 6 37.0 | 24,0 - Inactive R-3877 GE E-6 Recovery : 7/62 ,
{, 68) 9 . ) '
.78 6 50,2 138.6 | 33 Active R-3303 | GAM-72 Recovery | s/se | 7/56 14
I S - F_ e [
(78 - - i Rl Active 62341 RP-77D Recovery ; N. K.
.73 6 - 153.0 31 Retired - Obsolete 33023 | Q-4A Recovery . 3788 4/55
.9 - 57.4 |55.4 28 Active R-5157 Mercury Cap. L.S. 4/59 4/59 [+ 77
.75 5 43,0 }
.78 | 5-15(3) 46,2 (73,0 38 Operational R-4444 Lockheed E-5 Recovery 8/60 9/60
B SIS Y SO . -
79 42.2 1104.3 - . Inactive R-4177 Q-4B Recovery Backup 10/59 . ;
.76 7 41,9 1101 22 Active but obsolete R-6220 Gemini Cap. L.S. 1.0/59 '
.85 8 49.1 {105,4( 33 Retired - Obsolete PDS-1543 | Apollo Exp, { 4/62 ' : ,
P, 5} | (. 85) . . - Active PDS-3120 | Apollo Ext. I . 12/63
b8 1 (. 85) . - jae | a2  Active R-6853 | Gentury I ] eres " ,
; .99 7 51,3 [230 25 M Active R-7811 Century I M ; 3/66 | b/66 1
.81 4 51.4 1206 22 L Inactive R-7812 L | 3766 | 7/68 1
.90 45,6
.88 -2 - |587 . Inactive 20K System - ; 5/66 ‘
L [P )
!
Deuslgnates medium and light conustruction
Symbol used in data plots (see Table X1l also) . .
No record 57/58
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. i i ]

‘d. Forciblg ejection by thrustcr,I mortar, ejectdr bag,
' etc., with pilot chute' stowed on the:deployment bag, the
.z bag being free to separate after canopy—stretch.

t

! ! v '
e. Any other means compatible with system Opera.tnonal .
requxrements. L ’ .
: B . 1
The geometr:c porosity of crown ventxlatwn is a small but important part !
of Ringsail parachute total porosity. By governing the inflation rate and
growth of the reefed canopy it determines the magnitude of the reefed opening
load factor. The crown geometric porosity has varied someéwhat erratically .
~ throughout the development period between excessively high (in small Ring-
sails) and unnecessarily low (c. g., Mercury 63 ft D_), depending somewhat
on how much conservahsm 4ppe41ed to be called for, The general downward :
trend of crown g.,eometr:c porosity with increasing canopy diameter is shown
‘in Figure 21, Aftér the value of vertical tapes had been firmly established,
' the earlier, design trend was superseded by the fecommended’desigh curve
given. The use of a lower porosity crown without vertica) tapes is not .
+ recommended, - ' . ) !
' 1
Caldulation of the crown geomctric porosity is simplificd by 'ncglc]cting the
drea covered by the radial and vértical tapcs and by the vent lines. The'_sl‘;m
nt the are: L& nt the central vent and ai} nf the nnen ‘rt‘nnf‘infﬁ above hli’\n = {1. ]
is used to define the crown geometric porosity numbcr hge = S, /So. This'
simplified approach is useful for comparison of one Ringsail desx;,n with.
:mothcr but should not be dpphed as a general criterion, 5

It will be recogmzed that there is a sound theoretncal basis for the difference
in performance between small and large scale parachutes (Reference 14),
The size effect {increase in CD with DO) can.be accounted for. Reference 24,
indicates an increase in CD with D, for extended skirt and conical cdnopxeq,
and Ringsails ‘apparently follow the same pattern. Also, sorhe of the dif- |
ferondes in performance between the Ringsail and other parachute'types can
be explained on theoretical grounds. The following consxde rations derived
from hﬂt"' theory and e\:perxments are pertment
Differences that can be accountéd far (plausibly explained):
, ! !
a. The relative elakticity of the parachute structure increases
withscale (Reference 14).

! . 1
' 1]

b. The \1mt loading of parachutp suspension lines and canopy
radials (WS/N') increases with scale (when ’N/D is

dppr(ummawl' constant),
1

\
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c. The relative porosity of the canopy may increase with
scale due to (a) above, -

Differences which are theoretical:

d. The bulbous development of the canopy at disreef
accelerates canopy growth and shortens the final
filling interval.

e. The contribution of skin friction to total canopy drag
is augmented by the surface roughness produced by the
differential fullness in sail leading edges,

f. Resistance to air through-flow is greater in crescent-
shaped slots than in rectangular slots due to increased
interference flow in the sharp corners.

g. The positive angle of attack of the sails promotes
continued f{illing through the side slots during the reefed
interval,

h. The flared skirt augments the radial component of the
opening forces acting on the canopy.

The scale effects may combine to produce a larger increase in canopy
drag area than is lost to reduced through-flow resistance, the result

being a net gain in total drag coeificient with increasing scale. Augmented
canopy roughness undoubtedly accounts for an increment of Ringsail drag
coefficient over that of other canopy types such as a Ringslot parachute of
equal total porosity and/or stability of descent, Another increment would
be accounted for by the effect of augmented radial forces on the projected
area of the fully inflated canopy, The accelerated filling rate aftev dise
reefing would account for an increment of Ringsail opening load factor
over that of other canopy types of equal total porosity,

Some thought has been given to the measures that might be taken to further
improve the Ringsail design, i e,:

a. To make its performance more repeatable and hence
more predictable,

b, To make it adaptable to requirements for different
inflation rates, slow as well us fast,

bl




For example, the wind tunnel tests of Reference 15 showed that pocket bands
regulated initial opening of the canopy mouth so that filling started earlier,
This, through elimination of random delays, would make the reefed filling
time more repeatable about its minimum valve. Pocket bands were in-
stalled for this purpose on the small Ringsail target canopies of the UAR
systems described in Reference 4, There is some indication that the re-
peatability of reefed {illing was improved, but numerous changes in system
parameters diluted the data. The addition of pocket bands to new Ringsail
parachutes is recommended for serious consideration when improved re-
peatability of canopy inflation is desired.

Another direction for Ringsail design improvement was suggested by the
two opening modes exhibited by the Century Ringsails in the seven single
canopy-tests performed. These modes were called "hard" and ""soft"
rather than "fast' and "slow'" because there was no consistent relationship
between the magnitude of the opening loads and the filling time after dis-
‘reefing. Rather, the correlation appeared to be with the shape assumed

by the canopy mouth as it expanded after disreefing, The soft opening mode
resulted when the mouth assumed a roughly symmetrical shape of large
"lobes alternating with infolded flutes extending up the canopy to the crown
(e. g., Figure 16), The hard opuning mode resulted when the lobulation
and infolding was grossly unsymmetrical, Because the soft opening mode
occurred spontaneously in two of the seven tests, indications are that a
relatively minor. modification of the skirt shape might convert it to a wholly
repeatable process, The specific modification contemplated was to invert

. N/8 skirt sails in four equal groups spaced N/8 sails apart, the purpose

heing to induce the formation of a symmetrical pattern of four flutes and
four lobes in the expanding canopy by varying the radial force components
on alternate zones of the skirt, This concept still appears to merit ex-
perimental investigation,

Finally, the question of what can be done with the Ringsail to improve its
cluster performance must be answered, As noted, theory suggests that
non-synchronous inflation effects could be mitigated (but not eliminated) by

a reduction in the peak and average deceleration levels of the system, This
is synonymous with increasing both reefed and disreef filling times sub-
stantially, something the modified Ringsail of the Apollo ELS cluster does
only in part; i, e,, the disreef {illing time was increased roughly 50%, the
reefed filling time was shortened due to the reduction in bulbous development
and the test evidence shows that the net overall benefit was small, The main
problem with any increase in filling time is that the methods used seriously
degrade drag efficiency, Another problem arises from the current military
requirement for a fast opening cluster in which the time from deployment

62




to full open steady descent must be a minimum. Theory also suggests the

strong probability that a fast opening cluster of any type of parachute will

exhibit the effects of nonsynchronous inflation in exaggerated form, with no
" predictable opening time from one operatioa to the next.
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SECTION 3

PERFORMANCE CHARACTERISTICS

The performance of standard Ringsail parachutes in single canopy systems
is well established by test data from many programs. The performance of
Ringsail parachutes in clusters was derived primarily from the Apollo pro-
gram since only one other adequately instrumented test was performed, that
of the Century Ringsail program. Some data applicable to single canopy
systems at high rates of descent was obtained from Reference 4 for Ringsail
target canopies functioning as Stage I drogue chutes in the UAR system (see
Appendix B).

Since all Ringsail performance data is derived from full scale aerial drop
tests, the common types of data plots obtained from wind tunnel tests such
as static stability coefficients as a function of canopy angle of attach are
missing. (The results of very small scale model tests reported in Reference
21 cannot be accepted as valid for comparative evaluations because the test
specimen was not a faithful scale model in respect to number of gores,
canopy shape, or sail fullness).

3.1 DRAG COEFFICIENT

3.1.1 Effect of Unit Canopy Loading (W /CpS,)

The variation of Ringsail drag coefficient with unit canopy loading is pre-
sented in Figure 22 in the familiar form expressed as a function of rate of
descent under standard sea level conditions., The actual variation with air-
speed is slight, if any, and cannot be detected by present methods. The
effects of varying both effective suspension line length and canopy scale are
indication but the data scatter yields only a rough correlation at best. Most
of the small parachutes performed below the desired norm, while the cen-
tury series and 20K parachutes exhibited remarkably high drag coefficients.
Even the 128, 8 ft I, model that descended with a split gore fell on the norm
expected for [,/Dg = 1. 15, while the two-canopy cluster (indicated for ref-
erence by the double symbol) gave C'Do = .84. These were the averages for
single tests, however: only the solid curves are faired through data points
which are mainly the averages for many tests.

3.1.2 Effect of Scale

The variation of Ringsail drag coefficient with nominal diameter presented
in Figure 23 exhibits characteristics whick are closely related to those of
the conical and extended skirt parachutes. The conical parachute Cp, ranges

65
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from 0.62 to 0. 95 depending on size, cone, angle, suspension line length
and rate of descent, The extended skirt parachute Cp Do also varies with size,
rate of descent and suspension line length. The data presented in Figures 22

and 23 show this same effect for the Ringsail parachute.

3.1.3 Effect of Suspension Line Length

‘The varmhon of ngsml CD witl, the effective length of the suspension
lines (fe = /s + IR) is shown in Figure 24a corrected to vg = 28 fps and to
D, » 50 ft using Figures 22 and 43 respectively, The faired curve may be

cconsidered representative of Ringsails having nominal diameters in the vange

of 50 ta 100 fect approximately, ‘The two curves for £ /D, of 1.15 and 1,40,
is consisient with the data derived from the century series Ringsail program

wherein increase is Gy withsize and increased line longth was obtained.
: )

The fairec data have been normalized in Figure 24b relative to £,/Dg 1,15
with CDQ“i - 0,81 as representative of the optimized lightweight Ringsail
design. As developed, CD ICD * vs £ /Dy should be essentially invariant
with scale over the entive mngc of parachute sizes, Irom this relationship
it was shown in Reference 5 that the length ratio {or a minimum weight para-
chute way £o/Dg = 1,15 for Dy =128 ft, A similar cl“sil *‘-xa in Reference 35
shawed the antimum Jength ratin ta bhe é’c."'l)‘ Lodd dnr D, =18 g,

3.1.4 Iffoct of Canopy Porosity

The 88,1 ft D, canopy of the Apollo ELS development program was the only
Ringsail model in which a wide range of porosities wis evaluated in ade-
quately instrumented tests, However, the porogity variation was simply the
effeet on the peometric porosily of the crown arva of removing different
fractions of the width of ving number 5. The only raw data reported were
avarage rates of descent from drop tests made with constant weight, The
effect on Cp, of the changes in crown porosity were deduced from the
rnlationship

g

(_'Do'c'noy SR

The duts and results are summdarized in Table X and plotted in Figures 25(a)

Cangd (L),
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\
TABLE X
EFFECT OF CROWN POROSITY ON CDQOF 88.1 it D, RINGSAIL
!' Fraction of Ring 5 removed, {% hy) 0 50 75 100
i Area of Slot 4-5 (Sy) (o So) | 0.28Y 1} 3.421 | s3.1i1 | 7.050
1. Crown Age z §g + I.. ;Z, ‘ {% iiic_,}_ ,Zl 3¢ 4, 64 6. 33 8, 72
i  Avg measured v, {ips) 30. ¢ 3.1 32.1 33.2
I Ratio veo.f Ve | 1. 00 (964 | .935] .904
Galculated G GoiCng® I O <930 | 876 .812
Sverage Up, ' . . .85 .79 . 145 | 09 .

HBeuauge the g.u,m,y of these data is uncertain and the porosity variation
£ vaifxed in the crown of the canopy, Figure <3b should be viewed
mere 4% an example than as a basis for design.

3.1.8 . Yariation in Hate of Descent

Parachute drag ceefficients ays derived {rom rate.e’-descent measuraments,
The rule-af-thumb variation in parachute rate »{ descent used for Riagsail

- desipn to meet g specified masimum rate of descent was & percent, A

study of rate-oi-descent dats {rom the Mersury, Uenuni and Apnlio para.
chute development programs repoerted in Reference 13 groduced the evalua-
tion of stundatd deviations presemed in Table XL §t will be scen that tha

fule-oi-thumb variation used is approximately Jo for one a«d two canvpies

and 2. 5¢¥ jor three =ganopy clusters.

LR Y s‘ act of Cmste:mg

Tae effect o{ clustering on drag coefficionts i shown in Figure o as 4

funstion af the number of canopies 0 the cluster, The data point jor the

thrge-cannpy cluster was covrecied from . 825 to L 810, uging the steps of
the curves i Figure I2. t0 aceount for the diflerénre it rates of descent, ®
The caloulated thrae-vanopy clusie? systom wesght that would kave the same
unitl leading (i, 6., rate of descent) as the one and {we pavackute systems ie
1%, 850 ibs. The effective line » 2iser lengths were the same for 2l ¢lusters
TH,5D,. 1.4) byt as noted, the eifective line longth of the indvidual Century
pavachutes sas 7D, 1,15,

¥ por Ciy,, 823 W 9500 ths and Ve - 250 frs rompated with v
tirs Sor the singic and two.canopy clusier cases.

s
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3.2 OPENING LOAD FACTORS

The opening load factor(Ck)determined experimentally by the ratio
Fmax/CpS q provides a conventient means of making quick estimates

of the probable opening loads of a given parachute system. At best, the
method yields predicted loads having an accuracy of about £10 percent
when applied within a narrow range of speeds and altitudes. The principal
sources of error are:

a. Mensuration of parachute forces and flight conditions

b. The element of randomness in the parachute opening
process

¢. Variations in reefing line cutter timing

d. Limitations of the analytical methods employed in the
"prediction of dynamic pressures at line stretch and at
the end of each reefed stage,

e. Limitations of the methods of predicting parachute
reefed drag areas,

A substantial quantity of data has been accumulated over the years pra-
senting Cy as a function of unit canopy loading (W/CpS) as shown in

Figure 27, In this form Ck varies widely with both altitude and dynamic
pressure or equivalent air speed (EAS), The Ringsail data plotted in
Figure 27 are for tests performed in the altitude range of 10 to 16 thousand
feet. The faired curves indicate the general trend of Ci as a function of
W/CpS and EAS, but data scatter makes the quantitative effect of EAS highly
uncertain. In general, higher opening load factors are associated with
lower relocities (EAS) or dynamic pressures at the beginning of the filling
process, The disreef data also reflect the accelerated filling rate of the
Ringsail caused by the large canopy growth during the reefed interval,

The presentation in Figure 28 of measured opening load factors as a function
of mass ratio (Ry,) is derived from the model law developed in Reference 20,
(See Section 6, 3.1), This includes the effect of altitude., The general trend
of the scattered data is indicated by the faired curves., The effect of the
other related variables, velocity and flight path angle (Froude Number) is
lost in the '"noise.'" The sharp separation of the disreef data reflects the
difference in inflation process noted above, Stage | reefed data should
logically fair into the non-reefed data as a limit. The width of the trend-
bands shown emphasizes the difficulty of applying this methods of load
prediction to new system designs.
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The apparent effect of altitude on Ringsail opening load factor, with unit
canopy loading constant, is shown in Figure 29, This was derived, as
illustrated, by interpolation of the data in Figure 30 to W/CDS =10 psf,
The interpolation is based on the postulate previously noted that the reefed
and non-reefed data points are relatéd, Figure 30 is similar to Figure 27
with data points keyed for identification of the different Ringsail models
listed in Table XII. The disreef data are irrelevant to this study and so
are not shown. The symbol code does not apply to Figure 29, the points
merely locating the data interpolated at W/CpS = 10 psf, The ladder at
15-16 thousand feet represents the great majority of the data, and the hori-
zontal bars indicate the altitude uncertainity of some load factor interpola-
tions, The extrapolation of the data per the non-reefed modified Ringsails
at altitudes over 100, 000 feet is somewhat speculative but the broad trends
shown in Figure 28 provided some guidance. The tendency for opening load
factors to level off somewhere between 1 and 2 at high unit canopy loads is
supported by general wind tunnel experience, i.e., "infinite mass" inflation
tests, The effect of deployment velocity on Froude number has not been
identifiable and no doubt contributes to data scatter along with the several
sources of error cited,

Since(g sin ¥)is also important component of Froude number, the effect of
flight path angle on opening load factors is not always negligible, A com-
puter study of this effect on the opening forces of the 128, 8 ft Century Ring-
sail produced the variation of Cx with flight path angle at line stretch plotted
in Figure 31, With the velocity and altitude at line stretch constant, the load
increases 21 percent between ¥, = 10%* and Yo = 90 degrees, while the in-
crease in dynamic pressure is only 14 percent, the net result being an
increase in Cy of 8. 5 percent, Since this is within probable error tolerance,
the effect on predicted opening loads would be detectable only under unusual
circumstances, but obviously contributes to the variation in test measure-
ments.

* 8-10 degrees is generally representative of parachute dystems deployed
from aircraft in level flight,
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RINGSAIL OPENIINEIG LOAD FACTORS AT ALTITUDE

TABLE XII

D, W/Cps % Altitude
ft psf : |Nonreefed | Reefed’ Feet Symbol
23,0 17.2 -- . 68 46,200 O
34.0 , 17,6 - o910 12,560
' ‘. .84 19,660 74
hatd L] 87 46’ 630
. ¥
29,6 .58 . 0306 - 1,100
‘ . 0477 -- 5,000
: + 0562 e 10,000 v
.0610 - 15, 000
. 0642 .- 20, 000
‘loo ! 160 1 ve . 56 lS. 000
12,6 .- . 66 22, 300 7]
16, 4 " .. .78 22,900
56,2 48 | .036 .- 2,000
o N .- 15, 000
. e o)
; llo? Pee 059 ' 3.500
1906 s 083 IS. 000
6341 o’»‘ e ‘2 ) _ bk B ) »_10; 000 )
18.2 fee 47 2,700 0
16,4 . .58 10, 400
. .
74.2 6. 43 - L6l 48,800 O




TABLE XII (Continued)
RINGSAIL OPENING LOAD FACTORS AT ALTITUDE
D, W/CpS c Altitude
ft psf Nonreefed | Reefed Feet Symbol
84. 2 330 9 .- « T4 9. 000 o
30. 6 - . 7‘ 9. loo
88,1 12,3 -- .55 15,900
14,4 - .47 15, 700 0
21.1 - 065 15.500
X 124, 5 13.4 e .39 3, 600
.- . 45 6,000 (@)
127, 0 27,7 . .62 15,000
hzs.s 17,1 . 41 | 15,750 O
29,6 49,1 - L 15,000 A
F 3.2 .56 .92 119, 500 0
54, 4 .39 | 1,05 .- 129, 300 a
g
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3.2,1 Opening Force-Time Characteristics
Opening load factors are derived from parachute force-time recordings
in conjunction with system trajectory measurements that yeild dynamic
pressure data and canopy effective drag areas at several points of critical
interest as follows:

a. Main canopy line stretch

b. Reefed opening and/or Fmax

c¢. Disreef

. d. Fmax after disrgef

é. Full open

&

g The way in which the opening force-time history of the Ringsail parachute
X varies from system to system is illustrated in Figures 32 through 38 de-
9 picting traces obtained from tensiometer recordings and telemetered force

transducer records, * Figure 33 is particularly instructive because it
illustrates the development of the inflated shape of the canopy at numerous
points in the opening history enabling important deductions to be made about
the physical events, Note that the force of the reefed canopy increases
significantly while the deployment bag is still being withdrawn from the
canopy. The canopy is still an elongated sock when the initial air mass

., © ' reaches the apex to generate a preliminary force peak, At the peak reefed
‘l -, - -+ - opening load the canopy development angle (y-¢) is almost zero indicating
(.. - .very little tension in the reefing line (see Section 6,4, 2, 6). The bulbous
=] " . - growth of the canopy is continuous through most of the reefed interval,
I W After disreefing,the canopy is only partially inflated when the force passes

§.1 - .. its second peak, The rebound following full inflation, attended by a dip in
1. the force trace, clearly demonstrates the tendency of the added air mass
Cto -.dec_el,ex‘"'ate'a[t;g lower rate than the parachute system. (See Section 2.1.4.)

) , “* All tests were performed at the DOD Joint Parachute Test Facility,
N | El Centro, California
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Test Vehicle Weight = 17,720 1b  13% Reefing
39,000 at 38, 500 at

q = 40 psf q = 40 psf 39, 500
3 \/
40x10
Line 21, 800 at
LN o Stretch q = 40 psf 27, 600
30f3tq=
6.2 20, 000 at
25 |- psf
Force
(1b) 20
15 | é\ / \13. 800
10 ? 3lwseoa =~ U8 N\
5 ? q= 48 psf 7050 at g S
P q = 8,9 psf .5
0 I O Y S W WU WO S ¥ 1. U VO W
34 5 6 7 8 9 1011 12 13 14 15 16 17 18

6.'56 Time (sec) 12i7l

Key

Note: Parachute 1 Full Open at 22, 56 sec Total Force

————e=ee Parachute 1
Parachute 2 Full Open at 15, 16 sec =temiemiem e Parachute 2

Figure 35. Opening Force-Time History for Cluster of Two
128, 8 ft D, Ringsails Reefed 13% D, for 8 Seconds,
Deployed at 299 fpe (TAS) at 10, 246 Feet Altitude
(Weight = 17, 720 pounds)
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3.3 FILLING INTERVALS (TIME, DISTANCE, Ky

3.3.1 [Filling Time and K,

Derivation of the filling time equation used in Ringsail parachute analysis
is given in Section 6, 2,

Test data for the filling intervals of the Ringsail parachute with one stage

of reefing are given in Table XUl in terms of time and the dimensionless
constant, K¢ =4 t;v;/(y,1/2 - ¥ 1/2), along with those of the 85.6 ft D
modified Ringsail used in the Apollo Block II system, Evaluation of a good
average for the latter parachute was handicapped by the lack of adequate
data. However, a comparison of the average values of K¢ obtained shows a
30 percent shorter reefed filling interval and a 54 percent longer filling
interval after disreefing, which confirms the estimate made (page 50), that
the reefed filling time was shortened and the disreefing filling time increased
by 50%. The data given in Table XIV show that when the same parachute is
reefed in two stages, K¢ for the first and final stages is altered significantly,
The stage 1 filling churacteristic approaches that of the unmodified models
and the filling interval after disreefing becomes shorter; both are close to

91 percent of the averages for the standard Ringsail. Of course, the magni-
tude of the stage 2 reefing ratio is the goveraning factor and its effect needs
to be determined over 2 broader range.

Data for the leading canopy of the Century Ringsail cluster are included in
Table XUI because it appears to have filled at the normal rate, This was

not the case for selected Apollo cluster tests examined and so may be an

atypical event,

3. 3.2 Filling Distance

The actual distance traveled by the parachute while it is filling may be a
matter of critical importance in low altitude operations, Measured filling
distances of twe Century Ringsails and the 85,6 ft D, modified Ringeail are
given in Table XV, Data for the unsuccessful 127 ft D, bi-conical model
are presented as pertinent to the effects of different porosities and reefing

~ ratios on the distance traveled during the reefed interval (where the con-

structed shape of the canopy has little influence), Crown geometric and
canopy total porosities are given in Table XVI,

* See Section 6. 2, 6 for derivation,
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TABLE XIII

COMPARISON OF FILLING INTERVALS OF STANDARD RINGSAIL PARA-
CHUTES AND THE 85. 6 {t D, MODIFIED RINGSAIL OF APOLLO BLOCK II

Do | Agc| Reefing | Atf-(sec) | V1 ~(fps) K Test
(ftd  |(% SoM% Do) At(sec.)] Reef [Disreef | Reef Disreef|Reef |Disreef| No.
128.8(2,08 12,5 8 |2.33| 2.40 | 380 | 104 |37.3]| 3.41! 6
2,44 | 3,00 | 368 | 98,3(37.4] 4.36 7A
2,69 | 2.67 | 299 | 101 |37.2| 4.14! 8 A
88.1{1.50 |11 6 2.1 | 3.3 |35 | - [3no0f - A
i 1.8 | 3.4 |35 - 37| -
;’ 1,7 | 3.4 |38 | - [361] -
2.4 | 2.3 | 283 | - |380| -
2.2 | 3.3 |35 | - |3ns| -
84,2 1,28 {10.5| 8 (.95 -[(l.41 - | (265 -[(96.4 -[37.4 | 4.76 /A
1,48)| 2.43) | 453) | 109)
- s - ez - | see | A
3. 10) 116)
631|140 (10~ 14[4 - 6105 - |3 5)| (150 /(90 - | - . A
© 4, 25) 375) | 154) g
85.6/7,0419.5 |8 | .82 2,62 | 432 | 140 [2L5 @ 7.45(70-1
{mid- .
gore) 1.90 | 2,20 | 240 | 137 [2%.8 6.15 |70-2
! 67| - 280 | - |28.6] - |30-2
i 26,0 | 6,80 |Averages
Sundlrd Ringeail Averages 3.3 | 442

NO’I‘BS° A Two gores partially split after disreef,
Leading canopy of two in cluster,
Typical tests of PDS 1226 version (See Figure 85) performed in 196?..
The velocity at disreef was not recorded,
Averages for 10 development tests performed in 1963,
Average {or 10 qualification tests performed in 1964, The
reefed filling time was not recorded,
Reported Mercury filling time data arve not useable because they l‘ail
the constant filling distance test in a way that reflects use of
inadequate munsuration techniques.
These m:y be considered representative tests. All are single puachulu

A
A

A
A
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TABLE XVI

RELATIVE FILLING DISTANCES OF LARGE RINGSAIL PARACHUTES

S 2 R
(i) ] RZ_ | vge | AT Ri | Rz ] DR
128, 8 12.5 | - 2,08 | 9.77 | s.25 - | 140
127 1 ) 2,81 | 10,51 | 3.78 A -
13 - 3.20 ] .
16 ; 5,22 - | 1oc
85. 6 8.0 | 213 | 7.04 | 12.5¢ | 6.92 | 1.0 | 131
8.2 | 23.4 7.38 | La4 .
9.3 | 24.2 7.2 | 1.51 | 1.08
26,0 - | L33 Loz

~ Because the average velocity during initial inflation of the canopy is high, most

of the distance traveled is covered during reefed stage 1; also the effects of
small differences in filling time are amplified, which emphasizes the impor-
tance of taking every measure possible to regularize the opening process and

- eliminate random delays in the initiztion of canopy inflation, At the other and,

the distance travaled after disreefing i» very short, scarcely more than the

~ nominal diameter of the canopy as shown in Table XVL Here, the relative ‘. .
.. illing distance in canopy dismaters is another dimensioniess form of the

Ringsail filling interval that has bewn particularly ueeful in the analysis of

- minimum altitude recovery trajectories, Additional test measurements are
 needed at very low deployment velocities to determine whether the w.‘al filling
- distance of non-reefed parachu'es is under such condxtwm.

© Of course, with a reefed canopy the distance traveled during the reefed inter-

val is a substantial incretnent added to the total, At high speeds this can only
be minimized by reducing the reefed interval to the shorteat time allowed by
the design limit case, At low speeds, if the reeied inlerval is no longer than -

twb or three seconds, the normaily slowaer filling rate of the canopy may em-

- brace the reefed inuwal to uw extent tha.t the cuwpy inflates ae though uoa-
. ~:‘.t‘dv - .
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3.4 STABILITY

The principal mode of instability exhibited by the Ringsail parachute, like
that of any other circular parachute, is described as a "pendular'* oscil-
lation in which the axis of the descending system describes a series of
alternating angular deflections in random directions from the vertical. Be-
cause the center of gravity of the system with added air mass is generally
closer to the canopy than to the suspended load,the similarity to a pendulum
is marked (when the out-of-plane components of the motion are not clearly
evident). The actual deflections of the system axis in three-dimensional
space may bhe characterized as an irregular "coning" oscillation (Figures
39 and 41). When the coning motion becomes roughly circular it tends to be
sharply periodic and this mode has been observed occasionally. (Figure 42).

- Synchronous phototheodolite measurements from several stations have en-
abled both amplitude and direction of axial deflections of some recent

. Ringsail parachute systems to be determined, as indicated in the Figures.
Most early measurements obtained from motion picture records indicated
angular deilections in the plane of the picture only (Figure 40) but in some
- cases out-of-plane data was obtained by scaling the changing ellipsicity of
the cancpy skirt and correcting the result for the angle of elevation at which

" it was viewed,

The svemge amplitude of pendular oscillation (8) characteristic of different
Ringsail parachute systems during steady descent is given in Table IX, It

~will be seen tiiat 8 %7 degrees is a fairly typical average. In normal descent
- the amplitude of oscillations varies widely in a radom manner as influenced

by atmospheric distarbances (wind gradients, thermal currents, turbulence
and gusts) so that occasional excursions of up to three times the average.

- may be encountered (Reference 30), However, the Ringsail damping charac-
teristic is strong enough to reduce greater than average oscillations to small

- atnplitudes in approx:mamy one full cycle. Also it is not unusual for well-

- balanced systems i: descend steadily without perceptible asulmtiﬂn for
" protracted periods (e, g, see the note in Figure 40) :

Undamped oscillations of large amplitude have occurred in some Ringsail
parachute systems under the special circu:nstances degcribed in Section
6. 2. 7. These are not typical and resultant problems have been minimized
- by design revisions,

* A word coined by parachute pdople to signily a pendulum like motion, not
o necauanly periodic like a peudulum. however.
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Distribution curves for angular deflection of the Apollo cluster system are
shown in Figures 44 and 45. These are not typical for either the 88.1 ft D,
“standard Ringsail or the 85, 6 ft D modified Ringsail but they are indicative
of the improved stability resuliting from the higher total porosity of the latter,
It will be recognized that the two systems in Figure 43 are not quite equiva-

lent because the average rate of descent of the modified .Ringsail system was
13 percent higher, '

The stability of the 41 ft D, Ringsail varied from system to system and
posed some unusual problems, The B-58 escape capsule recovery system
parameters fell in the critical Reynolds number range (described in Section
6. 2, 4) where oscillation amplitudes have been greatly amplified, With a
cylindrical bomb test vehicle the averaged measurements of seven drop
tests showed oscillation amplitudes greater than 10° 41% of the time, greater
‘than 15° 19% of the time and greater than 20° 6% of the time. The maximum
was 24° and the average 11,4° (Reference 28), However, with the "boiler-
plate"* capsule, system stability was observed to be greatly improved, and
an average amplitude of 5 to 10 degrees was estimated on the basis of limited
- test data, no measurements being available. Stability of descent was par-
ticularly important to the B-58 capsule operation because of the highly
directional type of impact attenuation mechanism employed.

In the much heavier E-6 Satellite capsule system, average oscillations of

6 = 9 degrees with maximum up to 18 degrees were found objectionable, so
the suspension lines on the 41 ft D, canopy were shortened from 32 feet to
26 feet and limited test measurements indicated that the average amplitude
of oscillations had been reduced to approximately 6 degrees with maxima

up to 10 degrees, However, additional tests of the short line configuration
performed later put the average back to 6= 9 degrees with maxima up to

23 degrees. It should be noted that while the suspension line length was only
0,64 Dy, and no risers were used, the effective line length was made close

to 0. 78 Dy by spacing the line attachment points some distance apart on the
base of the capsule,

3.5 REEFED DRAG AREA

The reefed drag area of Ringsail parachute expressed in the nondimensional
form CpSR/CpS,, appears to vary widely from system to system for a given
reefing ratio. How much of this variation is real is uncertain because if the
technical difficulties associated with getting drag area measurements during

»
Designating a rugged dummy vehicle usually made of welded steel plate
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Oscillation Data, Three Canopy Cluster, Apollo

Modified Ringsail, Test 73-1

Figure 45.



unsteady flight conditions. Theoretically the initial reefed drag ares (at

FR max) should show some correlation with the geometric porosity of the
crown area of the canopy that is pressurized at that time. Along with this
effect, the reefed drag area at disreef is dependent to some extent on the
duration of the reefed interval., But while the canopy appears to fill steadily
at a low rate during the reefed interval, there are some indications that
equilibrium between inflow and outflow may be reached after a short time

(3 to 4 seconds).

In view of these sources of uncertainty, the typical curves relating reefed
drag area ratios to reefed diameter ratios given in Figure 46 can be treated
only as indicative of general trends. The reefing data compiled during
various Ringsail development programs presented in Figures 47 through 49
give a more realistic picture of the performance to expect under similar
conditions. For example, the data obtained from the Century program
(Figure 48) shows a separation that correlates with the crown geometric
porosities of the two canopy designs. However, the difference between the
Mercury and Gemini data cannot be accounted for on this basis; the validity
of the Gemini data is suspect, '

At DR/Dg = 0.16 the 127 ft D, Century parachute is seen to revert to the
augmented growth characteristic of the lower porosity 128.8 ft D, model at
disreef. Apollo cluster data show no significant difference in reefing ratios
relative to the single parachute system.

3.6 OPENING RELIABILITY AND REPEATABILITY

The opening reliability of the Ringsail like that of aay other proven para-
chute design is a function of factors unrelated to its aerodynamic properties.
A parachute can be prevented from opening by faulty rigging, a fouled reefing
line, failure of reefing line cutters to fire, and extensive damage in the
crown, One of the sources of crown damage other than opening shock is the
 whiplash impact of a broken pilot chute bridle or attachment link,

A faulty pilot chute bridle link precipitated the catastrophic failure of one of
the 127 ft D, bi-conical Ringsaile reported in Reference 8. A broken radial
_member in the critical pressure area of the crown was clearly the result

of a whiplash impact following failure of the link and this provided the focus
for a ruptured gore that subsequently split full length and through the skirt
band, :
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The strong opening tendency of the Ringsail parachute provides added insur-
ance that once deployed it will inflate, This is born out by its high tolerance
for opening damage as described in Section 3. 7.

The repeatability of the Ringsail opening process is subject to the same ran-
dom variables found in any parachute system that does not have a positive
mechanical means of opening the canopy mouth as soon as it is exposed to

the air stream. The slack fabric in the skirt area flutters in and out between
the lines according to no fixed pattern such that the initial influx of air is ob-
structed in varying degrees, It is known that the flared skirt configuration

"augments the radial opening {force component when the sails flutter outward,

more than it is inhibited when the sails flutter inward, because such canopies
open reliably with a higher than normal total porosity. Also, pocket tands,
by limiting the inward deflection of the skirt panels, significantly reduce
random delays in getting effective filling started. Stiffening the skirt band

is believed to have a similar effect but the amount of stiffening required for

. useful results may be impractical for packing, Initial inflation of the reefed

canopy is aleo promoted by vertical restrictor tapes across the crown slots,

Ingoiar as the Ringsaii parachute has a flared skirt, stiffened akirt band, and

" tapas across the crown slots, and may have pocket bands to mee. critical

opening requirements, ite opaning process can be said to be more repeatable
than that of other typas of parachutes lacking any or all of these features., A

- measure of such repeatability would be provided by statistical evaluation of

the time lapse betwsen line stretch and first opening of the canopy mouth to
form a positive flow inlet in a series of tests all performed under identical
conditions. ‘The practical obstaclesa in the way of so doing are considerable,

.. and such a survey hau never bewn made, at leaot not with the Ringsan para-
’ chu‘.i i . :

~ Another less rigorous, yet meaningful, measure of Ringsail oreniﬁ;. repeat-

ability is the dimensioniess filling interval, Ky, given in Table VIII, Section
3.3. Some data showing the variation of h‘ fros test to test are gwen in
both Tables VIU and IX. : : '
3.7 TOLERANCE FOR DAMAGE

Tolerance for damage may be considered un unusual criterion of parachute
performance. However, the ultimate reliability of any parachute system

" hinges on the ability of the canopy to remain inflated and Yimit the descent
-velocity when severely damaged. The critical area for opening damage is
the crown where an excessive outflow of air can prevent inflation from

110




progressing beyond a low-drag "squidding''* configuration, The normal
geometric porosity of the Ringsail crown is between 1 and 2 percent (Figure
2l). Tests performed during the Apollo ELS parachute development program
K demonstrated that the 88,1 ft D, Ringsail would inflate reliably with a crown
geometric porosity of Ay = 8.1 percent of which 6.9 percent was concen-

: trated in ring 5 between h/hR = .37 and .45. This is equivalent to a very

g heavily damaged canopy because strong cloth is used in the crown rings.
Normally, the area of critical stress is lower in the gore between h/hg =.53

and . 76.

The split gore is a more typical form of Ringsail parachute damage, and

two gores split from vent to skirt will not cause the canopy to collapse, nor

is the rate of descent increased to a dangerous level. The Ringsail has also

q remained inflated and descend safely with one split gore and both vent and

g skirt bands broken., This occurred in one of the early Apollo development

' tests of very lightweight Ringsail. The canopy split {one gore) from skirt

kL to vent, including skirt and vent band. During descent the canopy slowly

. unwrapped itself and turned inside out, forming a canopy shape, then pro-
ceeded to reverse itself and formed a canopy (right-side-out) and descended
in a gliding mode, However, in the most cases the dynamic rebound from
this type of failure is so violent that the torn edges are driven too far apart

. to recover and the event is followed by canopy collapse and streaming.

A partial measure of the Ringsail parachute's tolerance for damage is indi-
cated by Figures 50, 51 and 52, '

A split gore or other large rent in the canopy may have as its point of origin
a minor defect or rupture in a region that is subjected to critical stress
~ levels during inflation. This is most certainly the case when major damage
is sustained by a parachute of sound design at a low load level, Such fail-
- ures have occurred with opening loads below the design limit. The presence
. : of minor damage prior to inflaticn is also highly probable when the major
damage originates in those gores of the canopy identified as the "packing
v axis" (Gores 1, N/2 #1, and N), because the gores on the packing axis are
3 on the outside of the pleated canopy as it is folded into the deployment bag,
‘ Therefore, these same gores are the ones exposed to the dynamic effects
that cause pre-opening damage. (Only rarely can the damage be traced to
faulty packing technique.) The damage charts of parachutes (large ones in
3 _particular) which perlormed successfully frequently show a scattering of
, : minor damage and friction burns across the canopy with a greater than aver-
L age concentration in the gores on the packing axis. The number of such de-
fects tends to be a direct function of the test dynamic pressure at deployment,

' % A term coined by parachute people acknowledging the similarity of the
' streaming canopy configuration to that of the familiar marine creature;
however, the direction of motion is reversed,
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Figure 50, Mercury 63,1 ft D, Ringsail Damaged By Falling

) ‘ Compartment Cover During Qualification Test -
" - Salton Sea, California

112




Figure 51, Century 128,8 {t Do‘Rin'gvsail ‘(ﬂgl'\t@eight M‘bdel) Opening
Damage (Rate: of Descent 27, 9 fps with 9762 1b) -
|




g'ure 52. 88,1 ft Dy Ringsail Descending Sdfely with One
Gore Split from Vent to Skirt




R

e
At

- ment bag,

Evidence of this sort compiled during the Century Ringsail test program
supports the theory that pre-opening damage is caused by dynamic pressure
blowouts at small spots in the canopy that have been temporarily weakened
by frictional heating, Friction burns in nylon can be identified after the
event only when the material was heated to the melting point. In such spots
embrittlement occurs after cooling and the material has no strength. But
any spot that was heated to less than the melting point cannot be identified
afterwards because there is no embrittlement and the material recovers
most of its original strength, Therefore, it is logical to assume that the
majority of small pressure bursts found in the canopy without brittle edges
were earlier hot spots and that were exposed to dynamic pressure before
they had time to cool, Since the heat capacity of nylon cloth is very small,
it is clear that the time between heating and exposure must be very short,
i.e,, of the same order of magnitude as the time required for the affected
area to move out of the mouth of the deployment bag. This is also the time

during which the outer surface of the canopy is rubbing rapidly across the
deployment bag lining.

The presence of pre-opening damage generally across the canopy, suggests
that inter-laminar friction is the primary source, while the concentration
along the packing axis would reflect only the added contribution of the deploy-
Therefore, it is not something that could be controlled effectively
by employing a reversible lining in the deployment bag, unless measures
were algo taken to reduce inter-laminar friction, The other approdch would

be to prevent penetration of high pressure air into the canopy until the deploy-
" ‘ment bag has been stripped off, a difficult mechanical problem requiring both

zero leakage and unfailing release at canopy. stretch,
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SECTION 4

WEIGHT AND VOLUME

4,1 INDIVIDUA L. PARACHUTES WITHOUT RISERS

Ringsail parachute weights without risers are listed in Table IX and are
plotted in Figure 53. These are average measured values, In addition to
the weights shown, 12% must be added to obtain the pack weight which include
risers, links, reefing iine, reefing cutters and deployment bag. The weights
presented in Figure 53 fall into three categories which are representative of
the following basic structures.

Light Construction: 90% S, of 1.1 oz/ yd?' cloth
10% S, of 1.1 to 1.6 oz/yd? cloth
Suspension lines of 400-450 1b cord

Medium Construction: 85% S, of 1.1 oz/yclZ cloth ,
15% S of 1.6 to 2,25 oz/yd" cloth
Suspension lines of 550-650 1b cord

Heavy Comstruction:  75% S, of 1.1 oz/yd” cloth
25% S, of 2,25 to 3. 25 oz/yd " cloth
Suspension lines of 750-1000 1b cord

Parachute volumes vary with the pack density &p which is a function of the
packing method employed. Average pack densities also are given in Table IX,
The installed voluem depends on the weight and density of other components
stowed in the deployment bag along with the parachute and even on the skin

thickness of the bag itself,
4.2 LINE TO RISER LINKS

Table XVII presents weights of some of the line to riser links used in Ringsail
parychute assemblies,

4.3 RISER ASSEMB LIES

The weight of riser assemblies varies widely from system to system., Table
XVII presents some typical examples,
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welight including riser links, reefing lines, cutters and deployment bag.

Figure 53, Ringsail Parachute Weight vs Diameter (without risers)
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; TYPICAL SUSPENSION LINE TO RISER LINK WEIGHTS
o e e - : :
E Part No, or Rated Strength | Weight
| Drawing No. (1b) (1b)
Capewell 101740 6000 . 144

' (for 1 inch webbing)

3 MS 22021-1 6000 .184
USAF 52B6660 9500 .190
3 R7666-1 (Northrop) ,‘ 6650 (ULT) . 267
MS 24553-1 i 23,000 . 540
? i

: TABLE XVII

TYPICAL RISER ASSEMBLY WEIGHTS

\ .
System ' ::g"; L :::;m.ft: Bnnchl(.:t:?t::uuk (!tf “;:bi)‘ht
| Mercury . 63.1 fasxov-sox | oss 0 os 0 1s0
Gemini | 84.2 R6222 1.1 “ 1.82
Apollo 5.6 | R8OGI.] 3.5 1.3 2,50
88. 1 ’ PDS 1356-501] 3,5 3.0 5. 80
Century |128,8 | R7805-1 | 3.0 l 2 | wa\

A This riser was dgilgmd for cluster operation
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4.4

Significant statistics on the weight breakdown of Ringsail parachute system

COMPLETE PARACHUTE SYSTEM

components are summarised in Table XIX for the Mercury, Gemini and
Apollo spacecraft landing systems.

TABLE XIX

WEIGHT OF SPACECRAFT LANDING SYSTEMS

8Ys. SUBSYSTEM QTY, PER | FABRIC |OTHER | TOTAL | PER S/C
py < 8/C LB LB 1B LB
Drogue | .1 4.0 111 1.1
K| Pilot ) .8 1.5 43 4,3
2 Reserve 1 6.0 0.3 67.3 6.3
) Location Alds 1 0 6.5 65 6.5
" Sequancer ! 0 %8 %8 98
E Toials - 146.2 2,0 169.0 169, 0
s % Recovered Weight:
6,1 Without Sequencer & Locatica Aide
3.4 Withoxt Backup
Drogee l (X 4.1 13,2 13,2
Pilet } 89 4,7 13,6 1.6
1 Maia 1 18,3 Lé ne9 | ues
Disconnects h ) o 2.0 2.0 60
§ Baroswitch 2 ] L3 - LY 2,6
. " Perscaml ] 17,0 8 1%.8 n.é
Lﬁ:ﬁh‘l - - - . » "l’i.
% Rozovered Welght:
o 4.4 Total
4, 2 Without Baroswitches & wemu
o M3Womamcke
Desgue 2 Y EY 0.0 | 100.0
19 Piter 3 3,1 63 10.0 0.0
o oy Mata 3 138.0 9.2 145, 2 435, 6
12 Rutention 3 Wi 0 L) 3.3
R Sea Siing 1 2.4 0 2.6 %6
_ . Sequercer 2 0 &b & d 132
| § Teus | - - . - | 1
' g [ % Recoversd weigh:
' 4.5 Total |
4,4 Without Sea Stag & Sequencers
2.0 Without Redundant ﬁrqu. Pilot & Mais
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SECTION 5

DESIGN PROCEDURES

The design procedures outlined in this section are applicable to Ringsail
parachutes of all sizes. The aoiution of a sample design problem: is given
in Appandix C. The design of a Ringsail parachute, like that of any other
type, is carried out along two parallel courses -- geometric and structural
~-with some intarpiay between them aimed at one or more of the following

potential objectives:
&, Minimum weight
b. Maximum specific drag area (CpS/Wp)
¢. Maximum structural reliability
d. Facility of manufacture

System opsarational requirements for the parachute yiold basic design
criteria which may include the Iono\ving

a.

b

e

- de

e

g

The maximum allowable rate of descent at a given altitude,
Maximum allowabls opening 10ad or load factor,. -

- Maximum or average amplitude of ponduur ouilhtioiu. o

Installed weight mdlor volume,

. Maximum allowabls slapsed time iram dtploymmt to t‘ull open

under a given set of conditions,

Giomﬁtriul iactore aﬂactmg tlu lcaguu 6t supamian lines
and risers.

. Type of deployment syitem. ‘

"rypi of reefing system.

-Usually some of these criteria are given greater weight than other, some
may be set up only as design goals, and in aréas of possible conilict an
order of precedence may be established. : ,
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The decision to use a cluster of parachutes rather than one parachute is
made on the basis of preliminary design calculations and tradeoff studies.
With the exception of specific details to be identified, the design procedure
for the cluster Ringsail is the same as that for the single parachute.

Deasign of the perachute proper is preceded by a number of preliminary
computations, System true airspeed and free stream dynamic pressure at
parachute line stretch and at disreef for each reefed stage are determined
for given design conditions by trajectory computations using a digital! com-
putsr program of the type described in Saction 6.1, The size of the para-
chute or cluster is determined by calculating the total effective drag area
(ECS) required using the method given in Section 6. 2.1 along with the
applicable drag coefficient (Cnol determined from Figures 22 through 26,
as follows:

a. Enter Figure 22 with the design rate of descent, and estimated
suspension line langth and estimated D, range and read CD ’
interpolating /4/D, as required.

- b Calculate S, and D, to verify size of single canopy.
| c. Enter Piguu 23 with Do to verify cD for l,/Do a l ls. :

 d.  For affective line hngthn other than /g /D, = 1,15,
. enter Figure 24b with design value and read Cp alcnot. where
Gn * is the value ford /D, = 1, 15, - S

e. Ifthe crown gaometric porosity is signmcamly higher than
- standard for the design as given in Figure 21, consider the
pesd for a Cpy  correction derived from Figure 25, with due
- allowance for ?hu ipeeialiicd nature of the source dati giveﬁ.

- & For clusters, use S‘igun b to determine Cp,/Cp,* where - ,
- Cp o' is the single cauapy valua dorivcd imm steps (a) through :

{e) above,

'Bcoigﬂ limit loads of smgh and clustered canopies are calculated by !M
maethod given in Section 6. 3. 1. Whan design safety factors are not given
in the system epacification; those given in Section 5. 2 should be used for

. preliminary estimates. The overall design factor is calculated as

D,F. =S, F.lAp. The compomnu o! the allowable load hcto:‘ (Ap) are
’ jiven in Section 6. 4.1, .
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| it should be notcd that most of the ompirical methods given for Ringsail
parachite design are derived from tests in which unit canopy loadings were
in the order of W/CpS = 0.5 to 1. 5 pef; uncertainty as to their accuracy will
' " be greater for ly.taml baving lower or higher unit loadas.

5.1 CALCULATION OF BASIC DIMENSIONS

The aerodynamic analysis through determination of the required effective
- drag area and applicable drag coefficient defines the drag surface area (Sy)-
; This provides the basis for the bulk of the basic dimenasion calculations,
P . Salieat aspects of the design procedure, summarized in Figure 12, are
repeatad here in greater detail, each discrete step being numbered for
d"n". *

1. - Galculate the nominal diameter of the canopy

1/2 2

: L D°=‘GS°II)

SRR g " Daetermine the number of gorea as a convenient aven numbar divisible
S .~ by the number of risers foi good structural design betwaen N = . 76 D, and
G N=,88 D,, with D, expressed in feet. Since the number of nuapcnnion dinay’

is equal to the numnber of gores, ‘structural efficisncy will be benefitted if tho
' product NPg is about five percent greater than the product (D, F.) Fp .,
' _obtained feom the structural analysis (see Section 6. 4). The margin allowsd -
- for future growth depends on the firmness of the design criteria and soms-
- what on the availability of textile cords of the proper rated strangth (Pg).
- Howaver, the possibility: exists (and has besn taken advantage of) of uprating
- the strength of some mil-runs of "MIL Spec” materiala by por(ormme
hccnpunce tests to ensure complmncé. -

i % Ciic‘ulalg the lea‘gth of the suspension lices,

n .4« - f_g- ; - I' ﬁl. w ‘R ‘ - . - N | 3
wban : : » ' l.sgi'lgn ‘ | R _ S . 4a
'; o . and the Tiser length (f g) i any convenient number, usually beiween 2 and
X _ - 4 feet.’ For two-canopy clusten tbe récommeaded eflectwe line longtb is
:’ ! '
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and for three canopy clusters of high efficiency

£, - A3 D, 4c

might be justified by a tradeoff study of length vs CD0 to obtain a cluster of
minimum weight for a given ZCp S, as was done for single parachutes in
References 5 and 35.

Make certain that the drag coefficient used in the aerodynamic analysis
was based on the cffective line length selected,
4. Calculate the gore height equal to the canopy radiai dimension.
hy = 0.519 D, (see Figure 12) | 5
For convenicnce this dimension is rounded off to the nearest inch.

5. Calculate the combined area of the central vent and the ring slots in -
thc crown of the canepy.

Where Lg‘. ie read from the top curve of Figure 21 at the partinent D,

6. Select the woven width (hy) of cloth to be used in the sails, Itegral

widths of 18, 24, 36 and 42 inches have been used depending in part on the

size of the parachute, However, the use of 42 inch cloth may not be desirable

| ~ since models with 36 ineh sails vanging from Dg =56, to 128, 8 feet have

exhibited very satisfactery performance, Select a width such that the number

" of sails in the iinal gore layout is net less than nine, Nete that at sail number ‘

1 allowance must be made for folding \mder tha vent b&mi as shown in F:gure

70 ia bection T

(B Determine the verucal spaging @t sails in the gors, This is neces-
-sarily un iterative procedure, initiated by malking a rough estimate and then

refined By’mhseqwm steps of adjusinient and computation. in general the

. nmusabies of sails (h) is the neavest whele number less than hnlt but when

D, >100 fnet the number of sails is one less than this, Since t‘i“,e top sail is -

- usually narrower than h, the dumber of full sails (np) is approximately
(h i *s | : ,

'  Note in Figure 12 that the Vf‘ing slots in the crown of the canopy extend to

approzimately 0.4 by, Asfume that the numbe s of slots (nﬁ) is the uearest
inteper Jess than (0.4 !\ lh ) = 1,

Ch2s




a. Determine the number of sails and number of ring slots with the
above relationships. Let the vent dimension be any corvenient
number between h,, = 0. 02 D, and 0. 03 D, rounded off to the
nearest inch. Estimate the alot width dimension (Ah ) by defining
a mean slot as follows:

e  Let the position of the mean slot be

h,g.:(,4hn-hv)l2+hv 7

e«  Then the length of the mean slot is

(.‘.8 = 6,44 (bR/N) ein (hﬁlhn) 54° (Figure 1¢) 8
e Tha open area per gore is ESGCIN (See step 5)

. Estimate the area of the vent aectgr and calculate the
area of the maan slot in one gure Sg = ((ESgCIN) --S“'lln8

area of mean slot L& 1A .
* ThnnAh ; hngth of mean slot sglcg

. Present bost practice is to ma.ke all slots the same width becauss experience
gained from the Apoiic Ringsail development program demonstrated that

having slot widths inversely proportiuml to the ring diameter was a “.“ o

complication,

. The fina) step in compmmg the first approxinuition of the sail upacing is 0
7 calculnu the hiight (h ) of the top sail as the difference.
hl" - o, hw#n Al\i*h) . 9',
. This dimension will usually be less than the woven width of the cloth and is
. rounded ofi to the nearest mch. Mlow . 0 inches {or tha vent liem as shown
‘ iu Figure 70. :

b. The sesond approximation begins by making any dimeasional ad-
justments that appear nécessary upon appraisal of the following:
‘o Is the height of the top sail too wide o too marrow?
" If too wide, consider adding one sail to the layout,
If too narrow, coasider raducing the vent diamister.
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Compare the radial position of the mean slot obtained from
the calculated dimensions with the first estimate. This
will indicate whether the slot width should be increascd or
decreased. This step is clarified by the numerical example
given in Appendix C.

After making the dimensional adjustments indicated, check the size of the
central vent, Because the average Ringsaii vent is relatively small, there
is considerable latitude in the area acceptable. The following criteria may
be applied; only one need be satisfied. '

2
Sv/sq =,0015 to ., 0035 , {Let Sv = %D, /4)
h /D =,02t0,03
vi o
C =2.0to 2.5 inches - (letC = D /N)
v v v
An approximate vent diameter is obtained from
D s1.932h = 10a
v v » :
The finished vent diameter is
D =NC /n ‘ ‘ 10b
v v
and |
S =D 2/4 11 .
v v v

Note that the vent diameter is not increased by the fullness factor because
the vent lines are marked to hold this dimension, causing the vent band to
arch upward between radials. In order to prevent the vent band from
shrinking the vent, it is ma rked under nominal tension to a dimension Cy
based on its outside diameter which is close to D, + 2 inches for a 1 inch
band, An additional allowance for takeup due to thread tension in the seams

" may be made.

With the preliminary crown geometry thus defined, the geometric porosity
is calculated and comparad with the value obtained in step 5. Note that
this computation entails determination of the gore width at each slot in
place of a mean slot length,
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c. The result will indicate the adjustment to be rnade in the slot

E width. If the adjustment is large, the number of slots may be
...ﬁ increased or reduced by one. Since these changes also change

the radial spacing of the slots in the gore, the third approxima-
N tion consists of repetition of all the operations required to

verify the crown geometric porosity. If good agreement with
! the desired design value is obtained, say within £5 percent, no
-3 further dimensional adjustments need be made the vertical
spacing of the sails in the gore is determined.

s 8. Calculate the gore coordinates at the upper and lower edges of the
sails.

C =6.44 (hR/N) sin (h/hR) 54 ° (from Figure 12) 12

These are the coordinates of a truncated ogival surface having the construc-
ted profile illustrated in Figure 15c. Mathematically and geometrically,

: ‘it is the equivalent of a spherical surface with small sector, i,e., several
“gores", removed and the cut edges joined together,

9. Determine the fullness factors K and K using the diagram showing
'~ how K varies with h/hg for the upper and lower edges of the sails in
B Figure 54. '

10, Caicuilate the widths of the sails at the upper and lower edges,
‘C = K A C ‘ 13a
C_.=K_C 13b

These are the distances between the centerlines of the radial seams.

11, Calculate the sum of the areas of vent, slots and sails to verify 8,0

$, =85, B8 _+ I8, 14

The area of each slot or sail is calculated as the product of its height and
its mean length

¥ e et ¢ At e

¢
AS = Ah (CA+CB)/Z 1%

-

And the area of each ring is simply N{AS).

R T P
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...

‘iThc value of §_ thus c:btamed'usually is slightiy different from the design
value and the nominal diameter is corrected to reflect the difference.
However, there is no pressing need to correct the design drag area (CpSo)

bacause the change is small relative to the probable accuracy of the drag
coefficient.

12, Calculate the sail’ pattern dimensions, Seam allowance's are added
for the radial fell seams and the rolled hem on the upper edge of Sail No, 1.
The allowance made foi the 1/2 inch fell seam shown in Figure 11:i5 0, 8
inches or 1. 6 inches for two overall. The allowance made for a 1,0 inch
rolled vent hem is +2, 0 inches on the height of Sail No. 1, With reference

to the pattern diagram.
S

_ : | : |
Hp=hy +2.0 | (inches) ; | -* - | r..__A/z _j
Hpto Hy = hy (w?ven widtlg)‘ ‘I ; !

' A = GA+1L6(inches) ~ . |

(B = Cp+ 1.6 (inghes) ~H | | ﬂ-;r—?-*-

, The upper edge of Sail No, 1 ' ' | v

! ' -

D

| | . l
=. 06- ’ ' - 1
,Al CA+1 AC | L \ l Bi2
| ,
! .l’v v

Where AC is the change in width
over the 2 inch seam allowance.

i ' ! . L

13, Calculate the gox"e assembly: height: b, =hp -'h , 16

1 H
'
1

1 This' completea the basic dimension scheme and the lengths of all components -
are determined. ' 1
1 ] !
] . !

I

!

Note that hy, is subject to a manufacturing tolerance which is shown on the
pattern drawing only. ' All calculations are based on the nominal width which

+ is the minimum value; eg., hw = 36 1/2 #1/2 inches for : nomhhl width of
36 inéhc'ol ) ! . f !

'|l s ! ' | ! !
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g 5.2 SELECTION OF MATERIALS

R Selection of materials is based partly 6n experience and partly on a pre-
‘ liminary stress analysis employing empirical formulae to estimate the
.- strength of materials required. The stwcture so defined provides a basis

for weight calculations and for a detailed stress analysis by more rigorous
methods supplemented by laboratory strength tests, The results may dic-
g tate changes in the weight of cloth and in the rated strengths of other mem-
bers with a consequent revision of the weight estimate,

The stress analysis, more properly called an internal loads analysis, is
based on limit opening loads applied by the parachute to the attached vehicle
4 : through the main riser. These design limit loads are supplied by the loads
- analysis and may be different for each opening stage. Since the shape of

. the reefed canopy differs greatly from the shape of the disreefed canopy at
the instants of peak loading, a separate internal loads analysis must be
made for each opening stage.

. _ A preliminary selection of materials may be made without going into the

g ! _various factors affecting the allowable strengths because a suitable design

i . factor can be estimated for any safety factor required. For example, com-
: .monly specified safety factors are 1,5 for canopy and lines and 2.0 for
risers. Corresponding design factors for a sound lightweight parachute
structure are: (Reference Section 6.4.1).

EE AR I

ST

D. F, = 1.9 (canopy and lines)

. D.F. = 2,5 (risers)

T

Very conservative structures of mid- to heavy-weight are obtained with
design factors of 2.1 to 2, 3 for canopy and lines. The actual weight class
of the atructure also depends on the magnitude of the opening load factor,

.
3

EETRY,

The required minimum rated unit strength (P'R) of the textile member is
- determined as the product of the design factor and the maximum or critical
P “ internal load

: o ' ol -
- | P F (D. F.) 'I.‘c 17
and it is good practice to select the lightest available material for which

R the rated strength

PRE P'R 18
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The following ampirical formulae provide a convenient basis for the pre-
liminary calculation of internal loads and the required strength of materials.
(See Section 6 for derivations.)

Canopy cloth: Tc = 1“1_‘/ﬂrDp 19
Suspension line cord: 'I‘c== FL/N 20

5. 2.1 Canopy Cloth

The projected diameter of the canopy at the instant of F
inflation is

L= F (max) during

1/2
=(48S
Dp ( P/W) _ 21

where
Sp = CDS/(JDp 22

and CDS is derived from trajectory calculations for reefed stages and Cp
comes in Figure 55. (See Section 6. 2, 3) P

It can be assumed that the reefed opening load reaches its peak at the end of
reefed inflation, but on disreefing the load peak occurs prior to full inflation.

Fortunately, only the reefed condition is critical in the great majority uf
cases, because for many years the lightest available parachute cloth has

‘been more than strong enough for the major area of the canopy outside the

crown, Therefore, the problem is reduced to a simple determination of
how much of the crown area should be made from cloth stronger than 1,1 oz
Ripstop (normally rated at 42 1b/in). (See Table XXIV in Section 6,5,) .

The maximum reefed opening load obtained from the loads analysis is based
on a particular reefed drag area (CphSp). For rough calculations it may be
assumed that the crag coefficient Cp = 1.0 but this is very conservative for
small reefing ratios, A somewhat 135 conservative approach is justifiable
using a Cpp value corresponding to the given reefing ratio (DR /D,) as given
in Figure Sg (Section 6. 2, 3).

Calculate P'p = (D, F.) T, and compare the result with the unit strengths
of available parachute fabrics.

Tc = FL/ "Dpl (Equation 19)
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The crown area to be covered with the heavy cloth should be a minimum
because the weight increases rapidly with increasing radius. This area
can be estimated in terms of a radial dimension (h ) on the pressurized
portion of the canopy defined as a hemisphere of diameter Dpl (sce Figure
66 in Section 6).

hc = ﬂDpI /4 23

Comparison of this dimension with the table of gore coordinates will indicate
the number of rings of heavy cloth required.

The crown of the reefed canopy is not a hemisphere but photogrametic anal-
ysis shows the radius near the vent to agree well with this assumption, e.g.,
see Reference 13, The profile radius decreases toward the periphery, as
does the differential preasure across the canopy also, which may account for
the concentration of damage close around the vent when the crown cloth is

not strong enough. With two stages of reefing the above is true of both stages
and the method of calculation is the same as for stage 1,

If a transition annulus of intermediate weight cloth between the crown and the
major area of the canopy is needed, the strength required may be determined
by estimating the unit loading after disreefing when the pressurized portion
of the canopy has expanded to a larger radius such that

h/hg x0.5"

when h,, <h/hg = .5 the transition annulus is not required. Since the
parachute force will not have reached its peak at this time a calculation
based on the limit load will be quite conservative,

Let
Dpz =(4/m) .5 hR 24

T = FL/wD (Equation 19)

pe

.
Observation indicates the inflated periphery to be roughly in this region
shortly after disreefing.
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The conservative nature of both of the above calculations allows the designer
some freedom in the selection of materials for the rings in the upper half of
the canopy. For example, in the interest of minimizing structural weight a
fabric could be selected for which PR was somewhat less than the calculated
P'R on the ground that the prototype model will be subject to more rigorous
svaluation later both analytically and in aerial drop tests for demonstration
of structural integrity. This approach has been used successfuliy in some
programs where weight was a critical factor.

Having determined the number of crown rings to be made of heavy cloth, the
remaiander will be made of 1.1 oz ripstop nylon cr its equivalent. In many
cases, if lighter weight fabrics of the proper porosity were available , such
material could be used. A listing of the unit strengths and unit weights of
currently available parachute textiles is given in Table XXIV, Section 6. 5.

5.2, 2 Suspension Lines and Vent Lineg

Although the vent line load is less than the suspension line load, it is good
practice to use the same cord for both members, because the weight incre-
ment is negligible, As noted in step 2 of the basic dirnension calculations the
strength of cord selected for the suspension lines is coordinated with deter-
mination of the number of gores in the cuaopy such that PR is roughly 5
percent greater than

P'R = (D. F.) FWIN 25

Of course PR = I"'F is also acceptable but allows no margin for growth.

5.2.3 Radial Tapes

The canopy load transferred to the suspension lines is shared by two tapes
and the cloth in each radial seam. As a minimum the ottength ot ench of the

. -H'.two upel in the radial seam must have

P = (0,9 P'p of suspension lines)/2 (See 6. 4. 2,3) 26

R

but the limited choice of suitable textiles usuaily results in radials consider-
ably stronger than the lines. New textile forms are needed here to support
the design of Ringeail structures of maximum efficiency.

133




= A SRR O S
e e s s .

...............

5.2.4 Risers

Of the many nylon webbings available a few have unusually high strength/
weight ratios in combination with good flexibility, e.g., 6000 1b 1,0 inch and
10,000 1b 1. 75 inch. These are used in preference to the stiffer and less
efficient webbings even when choice of the latter is indicated by the required
strength

_ (D.FO)F

Np

p LIM 27

F

Because the riscr assembly is usually quite short, the weight increment of
using stronger webbing than required is very small,

5 2.5 Circumferential Bands

These are the bands that form continuous hoop members around the canopy,
as opposed to the intercostal tapes placed on sail edges to increase tear
strength,

Vent Band: Because the vent band is a0 short, it is made much stronger

than can be justified by any internal load analysis, Good practice is to
‘'make the vent band from 4000 1b 1 inch tubular nyloa webbing, or an

equivalent textile form or plied assembly,

Skirt Band: Under normal operating conditions the skirt band is lightly

loaded, Subatantial strength may be required only to resist whipping

1oade and to hold the canopy together when a gore is aplit, Because this
bandalso serves to stiffen the skirt as an opening aid, good practice is
to make the skirt band of 4 one<half inch wide tape or web having a strength

- at least equal to that of the suspension lines, However, the practice in
large Ringsails has been to employ & 1,000 1b 1/2 inch tubular web for thu

member,

Intermediate {ripstop) Bands: Parachutes subject to high stress levels

in the mid gore region after disrcefing are reinforced with one or two cone
tinuous bands oa the upper edges of selected rings. . These are redundant

- members and in ordar to be effective in preventing the radial spreading

of rips in the canopy they must be quite strong, Consequently they are
heavy and the number used muat be sharply limited to obtain a parachute
structure of good efficiency. One such band made of 1000 1b 1/2 inch
tubular webbing at h/hR = , 416 in the lightweight 128, 3 £t D, Gentury
Ringsail proved to be an adequate ripatop member,
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5.2.6 Vertical and Intercostal Tapes

Good practice is to make these members of 5/8 inch tape with Pp = 70 ibs

in low stress areas and Pg = 90 lbs elsewhere. The vertical tapes on gore
centerlines across the crown slots are generally double members of 90 1b
tape. The weight increment of the 90 1b tape over the 70 lb tape is negligible
except on sail edges below h/hg =0.45, where the tear-stress level is low
and 70 1b tape can be used to good advantage,

Distribution of the tapes on sail edges along the gore is made as follows:
-90 1b tapes:

" - on both edges of all ring slots in the crown
- on upper sail edges only to h/hg ».40 -, 45

70 1b tapes:

- on upper sail edges only between blh = .45 and
'0. 60 approximately . _

Beyond h/hy = 0,60 no tapeu are requsred on "Trip" ulvage
- cloth, (See Appondix E.)

- Where a ripstop band is inanllcd. ‘the intercootal tape is omitted from thu

sail subuumbly.

5.2. 7 Muceuancono Taxtﬁe (Somgonents

Thread: In general, Ringsail atructures of all weiam are nﬁtched with
the same weight nylon threads as follows:

B(%51b) «a Basting gore subasscmblies

- E{B.51b) == All scams except radials and vent band

F(11.0 lb) -« Radial scars and vent band :
Use of B thread may be considered optiml for stitching intercostal tapes
to sail cdges. Riser assemblies are gencrally stitchied with #6 aylon cord,
Reefing Line: Use 1000 1b Lraided nylon cord except where the structural
analysis or test data show the need for an allowable strength greater than
500 1bs approximately, Although 550 1% and 750 b reefing lines hive been
used successfully in some systems, there is nothing to be gained by using

a cord lighter than the proven capacity of available miniaturc reefing line
culters,
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5.2.8 Hardware

Reefing Rings: Of the many reefing ring designs available, the best for a
given application will be the smallest that allows the reefing line complete
running freedom. The ring selected must also be rigid, very smooth with
fully rounded edges, and wide enough so that it can be rigidly attached to
the canopy skirt. The ring should also be of corrosion 'resistant materials
or design. _

| Line to Riser Linke: The preferred design is a separable link of maximum

specific strength that is rigid and smooth with fully rounded edges all over.
The proof test load for the link should be not less than

P=F

T * Frn/® - 28

R

and the minimum ultimate strength or certified rated strength should be

squal to or guator than

Plp s LSF /N 29

~ Suitable link. of different strengths are given in Section 4. 2, Table XVIL

A rough weight estimate of caaopy and lines is made with she aid of Figure 53

‘based on the waight clase into which the new parachute design falls, This

weight increaned by 12 porco_n: will provide s representative pack weight in-

- cluding recfing components, risers, links, snd deployment bag, The pack
‘volume is then calculated for an aver ge paek deno:ty based on the packmg

mathod to be employed.

When the parachute design has Seen completed to this point, it is r-easiy for
& more detailed and rigofous analysis by the methods outlined in Section 6

and for the prepiration of detail drawiaga or :kcléhu smtable tor ths taim- .

cation of the mm téet specimens.

13

Y mmsnw DESIGN BY COMPUTER

A digital computer progr‘am'dnigmtéd WGI?& was developed in 1966 to fa-

.ciltate solution of Ringsail parachuie design prublems. The program was
‘designed around the basic dimension scheins of Figure 12 1o carry out the
- design procedure described in preceding Section 5.1, including an {terative .

determination of the sail spacing on the gore, I addition, it performs a
‘porosity computation similar to that illustrated in & Secticn 6.6 and a weight
computation by the exact methiod given in Sectivn 6. 1. The program was
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criginally written for the IBM 7090'digital computer in FORTRAN IV. It
has since been modifiéd for use in the IBM 360/65 digital computer and
exists in two formes: WGI176A-10 punched IBM input cards and requires all
siils belcw the ringslot crown to be of equal width; the -11 version employs
11 input cards and variable aaxl widths may be used throughout.

As a minimum the mput must specify either the desired effective drag area
(CpS,) or the nominal diameter (Dy) of the Ringsail parachute tc be designed.

' Gwen one of these, the computer will develop the basic dimensions and gore

coordinates of a standard Ringsail design havmq an even number of gores
divisible by the proper number of risers, the correct cxrown porosity, the
correct number of rings in the canopy for a cloth width of 36 inches, and an
effective suspension line length of £,/D, = 1.15 (with risers 3.0 feet long).
The printout includes a summary of the porosity computation ( Mot Age
Am 20d Ag): the drag coefficient Cpy (corrected for scale) used to calculate
CpSg plus corrected values of §g and D, derived from a summation of the
sail and slot dreas. The printout also includes the zail pattern dimenainns,

When the program input is augmented to mclude a listing of the unit weights
of selected materials, the print-out will also include the total weight of
parachute and risers down to the confluence point and a breakdown summary

_of the component weights: sail fabric, suspension lines, risers, radials,

' sku't and vent bands, and all reinforcing tapes and bands,

The inppt provisions of the program are romprehemive ,md flexible, en-
abling tho designer tospecify as many of the design parameters as he

. wishes, including the vertical spacing of sails of varying widths along the

gove. After a prelimimw,desiga ryn on the computey, the designar is free

to adjust any of the basic dimensions spacified and learn their precise eﬂecti
~on the area, porosity, and weight of the modified configuration by parform

ing a second computer run. WGI1T6 is a valuable adjunct to the CM'CO uaren
mlysis pmgzam deucnb&d in Seetinn 6 and Ré{erence 25, ‘
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SECTION 6
DESIGN ANALYSIS METHODS

The design of parachute systoms requires a variety of computations eniploy-
ing a combination of analytical procedures based on empirical data describing
the performance and othar characteristice of the type of parachute to be
utilized. Preasented in this g2ction are the major design analysis methuds
used in the development of Ringsail parachute systems. The material is
presented under the following subheadinge:

&, System Trajectory Computations

b. Ringsail Aerodynamice

c. Praediction of Opening Loads

d. Stress Analysis

¢. Calculation of Ringsail Weight

KA Calculation of Ringsail Porosity

6.1  SYSTEM TRAJEGTORY COMPUYATIONS

 Parachute system trajectory computations are wade te produce a graphic

presantation of vehicle niotivn and dynamic response st following depley.

 sent of the cornpovent parschutes in pperational sequence. Preliminary
- trajectory calculations alss are & necessary part of the parachote design
“process and are veually based on a given set of initial conditions al deplo', -

snent {vehicle weight, velocity, and flight a!mudn and path angle).

: Sueh computatione ave best done with a digital computer using a simple two- _

degree-of-ireedorm program in which the equations of motion are:

X :vcosY . W
j2veiny B LN ELE TSN
REEUAY ML X anY))mv e m

“‘ne equatmn $Z in Section 6. 3. &) -

: .s-igctu\’)l\' S 1)
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For rough preliminary work the parachute force and the drag of the vehicle
are approximated by

Fp+Dy = (CpS +CpSylq 34

and CpS,, is represented by a simple step function of time corresponding to
the reefed program desired. Significant variations of CpSy, with time or
Mach number also are represented by step functions. For any given set

of initial conditions (W,, hy, v, and Y,) this method will yield dynamic
pressures at the beginning and end of reefed intervals suitable for prediction
of opening loads by the load factor method. The loads indicated by the com-
puter itself are excessive because the drag area step-function is not realistic.
Howaever, with the introduction of filling times in the drag area step-function,
e.g., Figure 56, the reefed opening forces predicted by the computer can be
made quite accurate as shown in Section 6, &, 6. Unfortunately the same is
not true of the {inal opening load after disreefing because this process is
dominated by the influence of the added air mass on system dyna—aics.

The determination of parachute reeling parameters (Dg /D, and Aty) for a
given system prior to flight test is done through a series of trajectory cal-
culations made primazily for the purpose of determining the dynamic pres-
sure at the baginning and end of each reefed interval. This is done in
conjunction with opening load calculations aimed at attainment of a favorable

‘balance of peak loads from stage to stage for the critizal design conditions

on the performance envelone of the vehicle, In the general case the maxi-

roum opening load of cae stage is not necessarily associated with the same set

set of initial coudmam for which the opemng loads of other stages are maxima

b2 RINGSA{L AEROLYNAMICS

- Due to nro-lastimt’y and porosity the avrodynamics of parachutes is so
conplex that only rudimentary calculations can be made with any confidence.
 Even #o, the results are subject to statistica! variations of & random charags
~ tazr, as the data of Section 3 t’:learly demonstrate.

6. 2.1 Rate cf Descent

ln equilibrium descent the total dzag of the system (t‘ ) is very nearly equal
to its weight (W) such that

W= F_* Lc,Ds -qe 35
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Whence the equilibrium dynamic pressure

q, = W/ECDS 36

and the rate of descent
_ 1/2
- v, = (2 q,/p) 37

Generaliy at low rates of descent the drag of the suspended vehicle is negli-
gible, permitting the effective drag area of the parachute to be calculated

for a desired rate of descent as simply

J -
: CDSo = W/q‘= 38

Since system oscillation and gliding are limited by design to magnitudes

: that pose no hazard to the payload at touchdown, there is seldom any need
in the operational analysis to consider horizontal velocity components other
{ than that of wind drift. The latter is a totally random factor to which all
non-steerable parachute systems are subject,

6. 2.2 Drag Coefficient

¢ : The drag coefficient is calculated from test data relating the tangential force
(Fc) of the parachute to the free stream dynamic pressure (q)

= q
CDo Fc/SQq 39

ARITA YN e e

With large parachutes this becomes a matter of measuring the descent
velocity and atmospheric properties over a substantial altitude interval,
An attempt is made to obtain aerological data as a function of altitude at the
time of the test £30 minutes so that the air deneity can be evaluated with
reasonable accuracy. The descent velocity is subject to errors of observa-
" tion and mensuration of phototheodolite data and includes an unknown incre-
ment due to vertical air motion, The system weight can be measured very
accurately to yield F, and while the canopy area (S ) is known within narrow
limits, the inflated (projected) area (S, ) is not. Sp fs known to vary some-
what due to the breathing phenomenon &hich tends to be periodic, However,
it is suspected that S, also may vary from test to test due to the effects of
hysteresis after the canopy has been stretched by opening loads of different
magnitudes, Thus far, attempts to correlate these factors have been un-
successful, While some photogrammetric data show the Ringsail adhering
closely to the two-thirds rule (Dp/Do = 2/3) other msasurements yield

izl e
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DI,ID‘3 = , 74 to . 80 following heavy overloads. In any event, when the cor-
rected rate of descent during a given test is found to vary widely in a non-
periodic fashion, the resultant average value cannot be relied upon for eval-
uation of the drag coefficient. When this behavior was found in the results
of Ringsail drop tests, such data points were rejected irom the performance
evaluaticy,

For design purposes the drag coefficient ig estimated with the help of
Figures 22 through 26 by taking into account all of the governing factors:

a. Unit canopy loading as measured by the equivalent rate
of deacent

b. Scale effects

c. [Effective length of suspension lines

d. Crown geometric porosity

¢. Number of canopies in a cluster when pertinent

6.2.3 Reefed Drag Area

Reefed drag area calculations are made for both single and clustered para-
chutes on the basis of empirically derived curves of the two reefing ratios
CpSr/CpS, vs DR/D,, such as thuse of Figures 46 through 48, Accurate
deterraination of Ringsail reefed drag area is handicapped by the fact of its

_growth during the reefed interval, Thus, the easily measured value, uader
‘near-equilibrium conditions at disreefing, is a function of the duration of the

resfed interval, while the smaller initial drag area associated with the peak
opening force is obscured by system deceleration, It has been a common
practice to report measured values of F/q as equal to CpyS, ignoring the
dynamics of the added air mass. Consequently, the data obtained by this
uncritical treatment tends to be unique for each different system and cannot
uve relied upon for general use.,

Note that by defining the diametral reefing ratio in terms of D,, the canopy
is fully inflated at DR/Doz 2/m = ,636 for any parachute in which D_ =
2/3 Do. This is necessarily only an idealized theoretrical limit.

As noted in Section 5, the short method of estimating internal lcads would
be improved by more accurate knowledge of the reefed drag coefficient CDP‘
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_ Steady state measurements made in the wind tunnel givc “-nulto correspond:
-3 ing to conditions at the end of a long reafed'interval, “For example, the full ,
A scale tests of single Apollo 88.1 £t D experimental parachutes described in
8 Saction 2.1. 4 yielded the drag coefficient data presented in Table XX for ' ca
g reefed canopies having the same crown porouty as tha unmodified design, e
A L ' )
E | 'TABLE XX T o
. WIND TUNNEL TEST DATA FOR TWO CONFIGURATIONS OF ! RN
. THE ADOLDO 88 i ft D, RINGSAIL :
Wind Tunnel Test : o : *
D | Dp [CbSr | Cosg|Dp | Cp,
. Configuration Do (£t) (£t 2 ) Cp So 'ng’ ; i
A-2{1) t.10 | 28] 397 | .om66 | .36 | 652 . | |
(Full length . ; b B '
. vertical tapes) K 13 30.5] 641 «1235 | ,346 | .8%6 S
e CpSo = 5180 ft : ‘ : »
3 A-11(2) 10} 26.3) 399 | '.0795 | .298 | .733 -
1 (Overall \gin- | : S ; S
: creasedto 9%) |-.13 | 29.7} 563 | ,1121 |,337 | ,813 >
- 4 CpSo » 5026 ft2 | L ; . N ..
: t
NOTE: | _ R | |

(1) W.T. Mod A-2; PDS 1543-553 Figure 86 Appendix A
(2) W.T. Mod A-11; PDS 1543-543 Figure 89 Appendix A : ' i

L s AR R it S s i k0 A IR

Comparison of the area ratios with those in Figure 40b at the correspdndmg | ‘ I

1
._ diameter ratios shows reasonably good agreement at D,/ D, = 0.10 and only _
3 fair agreement at DR/Dgy = 0,13 for conditions at the end of the reefed. :
R interval, - : |
; Table XXI presents results obtained with Wind Tunnel Test Configuration , : .
- A-2 (see Table XX for: definitxon) using mid-gorc reefmg in place of radial -
) " . reefing, ,
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TABLE XXI

WIND TUNNEL TEST DATA OF CONFIGURATION A-2
’ APOLLO 88.1 it D RINGSAIL WITH MID GORE REEFING

1

T e e i

,' | Dr | Dp CDSR . CpSR  Dp | Cnpj
’ i 1 Do (ft) (ft ) 1 CpSo | Do | ‘
C 7,08 28,0 ;| 402 ; 0775 .318  .652 I‘
' : IR : 1
L 10 30,5 | 553 | 1067 . .346  .757 |
" a ,l J3° 1 32,6 .| 743 1435 . ,370 |.890 |

1
1

These da.ta are plotted in Figure 55# to show the dxfference between mid- gore
-, and radial reefing, For equal drag areas the difference in reefing ratio is
.- close to A(DR/Dy) =.02. The drag coefficients plotted in Figure 55b show
good agreement when this difference is applied to correct Dg/D, for mid-
gore reefing, The drag coefficient of the fully. mflated canopy wu calculated
,with the assumptxon that Dp = (2/3) Do, ‘ ! :

i

'_ quS ~CD SO
Cp,, * cD (s /s ) Cp, /(2/3)

and with - - A .'., . 40

- The indication is thatCp ' increases.continuously with canopy inflation as the
l - shape changes from that of a tubular sock to,that of an ellipsoidal cup.'. Since
" the canbpy inflated diameter is consxderably smaller initially (at the instant
of peak loading) than it is at the end of the reefed interval, Figure 55b pro-
o vide's a conservative means of evaluating the progected area of the canopy
for streas calculations. , . , -

i '
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\ {b) Reefed Ringsail Drag Coefficients

Figure 55 . Full-Scale Wind Tunnel Data
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The wind tunnel data is presented here rather than in Section 3, because
{t cannot be translated into a form representative of the performance of the
reefed parachute under the dynamic conditions of free flight.

6.2.4 Calculation of Reefing Line Langth

The length of the reefing line is simply Ig} = ™Dp + length of splice overlap
(Figure 56) where DR is the desired reefed diameter of the canopy mouth at
the skirt. Determination of the reefed diameter ratio (Dg/ D) for a given
drag area ratio (CpSR/CpS,) prior to test depends on the quality of the
empirical data available. The method given in Reference 24 is satisfactory
for Ribbon and Ringslot canopies but not for the Ringsail. Two values of
CpSR/CDS, must be taken into account, '

a. At completion of rapid reefed inflation (marked by Frmax)

b, At disreef

g The first valuz is associated with reefed opening force calculations, and the
.. second with velocity and dynamic pressure calculations at disreef, Where
both values are plotted, as a function of DR/Do as in Figures 40, 41 and 42,
such curves can be usad to make a preliminary estimate of the reefed diam-
ster required, Since CpSp at disreef is the easiest to determine from test
R data with reasonable accuracy, this is the value commonly represented by
single curve data plots as in Figure 39, Such curves can also be used to
' make a preliminary estimate of Dg and the reefing line length, However,
when opening force calculatione are carried out, it is necessary to make an

| 10 in, ~——7
- 5 in.-——“
- & < 7 s> wa i

ff_ XTubular Braided Cord Secure With 5-Cord Nylon,
: Doubled

8 Figure 56, Typical Reefing Line Splice
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assumption about the drag area growth during the reefed interval., As indi-
cated in Figures 40 and 41 this may be in order of 100% for the standard
Ringsail design. Also it should be noted that the determination of reefing
line length should not be based on the wind tunnel data of Figure 55a, because
it represents an equilibrium condition of canopy growth reached after a much
longer period than the typical reefed interval,

6. 2.5 Filling Time

Parachute filling time is defined as the intefval, or intervals, between the
following events in the deployment and opening sequence:

a. Line-stretch to full\pé»en (non-reefed)

b. Line-Stretch to reefgd open

c. Disreef to reefed open (two reefed stage's)
d. Dis;eef to full open - o

Actual canopy filling usually begins somewhere between line-stretch and
canopy stretch after the mouth has opened far enough to admit an effective
flow of air, This short randomly variable delay can be minimized by good
design and is neglected, It has been found (e, g,, Ref, 14} that the best
indicator of reefed opening is the maximum load peak, This has also been
true of the second reefed stage when the reefing ratio is in the range of

15 to 30 percent D, approximately, After disreefing of the final stage the
peak load occurs before the canopy is fully inflated, The instant at which
full inflation of the canopy is completed is difficult to determine accurately
due to the rapid change in canopy shape and the over-expansion attending
the peak pressure load, Thus, the definition of the "full open" configura-
tion has varied from program to program and this contributes to the
considerable variation in filling times reported.

It is also necessary to allow for the filling that occurs during the reefed
interval as shown in the diagram of Figure 57 illustrating how the canopy drag
area increases with time, Two atages of reefing are shown in the interest
of generality,

The determination of canopy f{illing times reefed and after disreefing with
sufficient accuracy to be useful in the prediction of opening loads is
difficult because of the wide scatter of empirical data, However, there

147

I N TR N N




SWILL YITM Ymoan eday Zeiq 1resBury poazresp]

om3} I8e3s TeaIdur PIJIRY (3)

suo a8eis earajur paJedy ()

uado 13 03 jeaastp awy Juriy (p)
¥eW g 1eury o3 swy Sumry (o)

om3 38e3s pIgedx swn Burqrgd (q)
ouo 98e3s pajesa swn Surrg (@)

°LS dandig

Jwry,
()
{2)
2ua m
(s%)
: v
xews X .
{3) (=)
qI39x1G U] —e
od
|




TTTAORS

R

e e Ar .

TSNS U e At 3 e e e

is no practical alternative to the use of such empirical data in the form of
the dimensionless filling interval (K¢) as given in Table XIII. By this defini-
tion the filling time is calculated from

1/2 1/2

Atg = Kf (wz -4:1 )/vl 41
and in order to do so it is necessary to know the true air speed (v|) at the

beginning of the interval in addition to the initial and final drag areas. This
unavoidably leads to an iterative trajectory computation, except for the first

reefed stage when the conditions at line-stretch are defined.

Evaluation of average values of K¢ from Ringsail test data justifies use of the
following formulae for the calculation of filling times.

1/2

Reefed (stage 1): Atf = 37.3 (CDSR) /vl 42
After disreet: At = 4.42 (¥, 1z Y M "‘)vl 43

Presumably the addition of a second reefed stage would alter the filling
characteristics in the way indicated in Table XIII and XIV for the 85.6 ft D,
modified Ringsail, but the prediction of quantitative effects on this basis
would be highly speculative.

6. 2.6 Derivation of the Dimensionless Filling Intexval

It will be recognized that the dimensionless filling interval corresponds to
the parachute filling process described by the concept of a '"constant filling
distance"; ie, the distance traveled by a parachute while filling is a constant,
irrespective of speed and altituds, and is unique for each different parachute,
Understanding of the origin and limitations of this concept is helpful in
guiding its utilization in Ringsail parachute design.

In the general case for filling any plenum:

Volume to be filled
Inflow rate-outflow rate

Filling time = 44

In the case of an inflating parachute the volume to be filled can be expressed
as a function of the cube of a characteristic canopy dimension such as D, i.e.,

3
V-I(Do) 45
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The inflow rate, being a function of the canopy mouth area and the air flow

velocity, with the assumption of incompressible flow, can be expressed as

a function of the square of a characteristic canopy dimension multiplied by
an average air inflow velocity, i.e.,

V. =£( %V,

in o in

) 46
With the further assumption that the relative porosity of the canopy is a
constant fraction of the canopy area (S;), the outflow rate can be similarly
represented, i.e.,

2-
= f (Do vout, 47

out
The average flow velocities in and out are both proportional to the average
flight speed (¥) of the system so that the functional relationships (46) and (47)
remain true with Vv subatituted for these velocities. Thus, with the introduc-
tion of constants of proportionality, substitution of the expressions for V,
Vin and Voyt in equation 44 yielde:
- 3 2 - 2~
At‘-Kl Do M(zDo v --K3 Do v)

S = Kl .Do/v (Kz . KS)

combining constants _
;t‘r-xboly . : ‘46

or

K= At‘ ‘"Do, 49

which expresses the filling distance in canopy diameters. But so defined the
the filling distance is not useful in a practical sense because the average
alrspeed can only be determined by a series of iterative trajectory com-
putations. Also the volume of a reefed canopy is not a simple function of
the nominal diameter. Therefore, the dimensioniess filling interval used

in this wozk is definsd as follows. (See also References 14 and 22.)

- 12 1/ A
x\:‘u'.\n‘vl/(dﬂ3 ""n "‘) 50
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Where At; is the filling time while the canopy is growing from an initial drag
area ¥) to a final drag an, Y2 and vy is the true air speed at the start of the
filling process. Use of ¢ as the chatacterutxc canopy dimension in place
of D, permits reafed filling to be expressed in the same form as filling after
disreef.

This formulation should be used circumspectly, because the constant filling
distance concept breaks down at high speeds due to compressibility, Ref-
erence 23 indicates the poesibility of a large diacrepancy at Mach 0., 5 in-
creasing drastically at supersonic speeds as shown in Figure 58 for the
modified Ringsails of the NASA Planetary Entry Parachute Program (Ref-
erence 18), :

Also, at very low speeds (vy <60 KEAS) there is justification for the expec-
tation that the filling distance will be reduced by a sharp decline in the
effective porosity of the canopy due to the low differential pressure (e.g.,
Figure 68)., This hypothesis requires experimental verification.

6.2.7 Stability

From a practical standpoint the stability of a parachute system must be
considered in relation to the stability of the atmosphere through which it
descends, this being the source of the disturbances affecting normal system
motion, Also, the condition of crucial interest is the probable nature of
‘systern motion at the moment of touch-down,

Parachute instability takes several forms of which pendular oscillations

-~ and coning oscillations are of prime concern, Breathing and longitudinal
pulsationa are of secondary interest because they seldom become ¢vitical
_at normal rates of descent, Since the air is always in motion, the average

amplitude of pendular oscillations observad in aerial drop tests might be
considered misieading. However, the damping function of parachutes is
generally strong for any excursion beyond the normal characteristic angle

of attack for static otability, (6 ) as illnstrated schematically in Figure 5%, °

For examplé. a no'n-uckd parachute deployed in level .n.gm followe the
first downswing of the suspended mass with one excursion of large amplitude

which is virtually damped down to the average amyiimde (0) in the next half
¢ycle (Figuvre 59b).

Ringsail parachute systems that have exhibited unacceptable instability in

the form of undamped periodic oscillations of large amplitude relative to
those of Figures 42 (etc.) fall in what appears to be a special category along
with a variety of other parachute types. There is some evidence pointing to
the exhtence of a critical Reynolds number near which any typ. of parachute
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(Cen)

{b) . Damped Oscillation Transient Following Horisonial Deployment

Figure 59. Typical Static and Dynamic Stability Characteristics of Parachutes
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system begins to oscillate widely with the sharp periodicity of a pendulum.
The first instance of this behavior reported was an oversized model of the
personnel guide-chute design (approximately 40 feet in diameter) tested at
El Centro in the mid-1950's. While the 'average amplitude of oscillations of
the AF type G-11 personnel version of this design is in the order of #10
degrees. the 40 ft mcdel was said to have oscillated steadily at £30 to 35
degrees. Early in 1960 a2 37 ft D, Ringsail with a suspended load of 520 lbs

exhibited sharply periodic oscillations of as much as 25 degrees throughout

its descent from 10, 000 ft altitude. Because the motion looked like a forced
oscillatics, resonance of pulses caused by vortex shedding with the natural
frequency of the parachute systern was postulated. The same type of be-
havier was encountere& at high altitudes with threc diffe rent large parachute

systems:

“a, A cluster of four 35 ft T-10 Extended skirt canopies
b, A67.3 1t Do Full Extended skirt parachute
€ AR D° Ringeail parachute

The suspended load in sach case was 1640 lbs, and these systems axhibited

‘atrong periodic oscillations {up to 245 degrees) throughout the first half of

the descent followed by morve normal behavior balow appwximately 20, 000
foet #titude. : ,

. In the cave of the ™. 2 ft D Ringsail it was fomé that the Reynelds numbers

at 45, 000 fest t!ti!udc was the same as that fer the 37 § Da model at sea
level (R, » 3.64 & 105), It will be seen that during any parachute descent

- Raysolds sumber ilcreases continuously because the ratio Plu for air in-

creages faster than v, decreases, Consideration of the possible relationship
betweanr Reynolds number and the hatural freguency of the parachute sysiem
suggests the existence of a critical combination of scale or effective line .
length and aititude at which large undamped oscillations are most likely to -
occur. Shortening the suspension lines of the above Ringsail by aboui 14
percent to increase its natural fréquency apfseared te mitigate the. pwblem
by raising the critical altitude soniewhat.

Therefore, ia view of the complexity o the probdlem and the varied hehavior
€exhibited by parachute systems descending through a real atinespheie. no
method of predicting the probable stability o a given Hingsail parachute sys-

* tem van be presented. Once the average amipiitude has been establishes by

*Defined as iﬁ (C v, TN
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a number of drop tests, the data given in Section 3. 4 suggest that a probable
maximuim amplitude that would not be exceeded 90 percent of the time is
approximately 38. As shown in Table V, 8 ranges from 5 to & degrees for
the majority of the single Ringsail parachute systems developed.

6.3 FREDICTION OF OPENING LOADS

Three different methods of predicting Ringsail opening loads are available
to the parachute designer.

a. The Load Factor Method
b. The Mase-Time Method
¢. The Area-Distance Methed

Although the Load Factor method has been highly refined in its application
to Ringsail parachute systems (References 11, 12 and 14), its accuracy
at best is no better than 10 percent. The Mass-Time and Area-Distance
methods were developed in order to get better results, and accuracies of
*5 percent have been obtained in the limited context of the Apollo main
parachute development program,

6,3.1 ‘ The lLoad Factor Method

The simplicity of the load factor method makes it quite useful despite its
heavy dependence on full scale drop test data and the uncertainty of its
accuracy in any new design situation, The peak opening load is

Fmax = CDS Qg C,: 51

Where qg at the start of the filling process (reefed or disreefed) is deter-
mined from trajectory computations and the load factor (Cy) is estimated
with the aid of Figure 27 or Figure 28. When entering Figure 27 with an
appropriate value of the unit canopy loading (W/CpS) considerable judgment
is required to make a realistic allowance for the effect of initial velocity,

as reflected by the data spread. The effect of altitude on C; can be estimated
with the aid of Figure 29, using the assumption that the trend indicated by the

faired curve is invariant with W/CDS.
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Figure 28 is useful for making preliminary estimates of the opening loads

of both single and clustered canopies, Conservative results are ocbtained -
by reading the uppey faired curves for the reefed and disreefed casea. R,

is evaluated in terms of ¥3/2 instead of D,3 to make reefed Cy data directly
comparable with that for non-reefed arnd dmrcefed canopies. The synchro-

nous inflation of a cluster can be treated the same as for a single parachute

using ¢ = ZCpS and M = W/g. Non-synchronous cluster cpening loads can

be estimated by making an assumption about the fraction of the total mass

applicable to one parachute of the cluster. Worst cases for two and three-

canopy clusters, for example, will be obtained by using R 5/2 and R,;,4/3
respectively, where R, . is the mass ratio for the synchronous case, i.e.,

the leading canopy is assumed to open before the other members of the

cluster develop any drag. The ratio of the load factors obtained for the
non-synchronous and synchronous cases will be comparable to the ratio of

the maximum to the average opening forces given in Tables I, IV, V and VI, I

Taking a typical disrcef case a3 an example, onter Figure 28 with Ry, = 7. 4,
Rms/2 = 3.7, and Rmg/3 = 2.47 and read from botk upper and lower curves
corresponding values of Cy as presented in Table 2XIL

TABLE XXII

SHOCK FACTORS FOR SYNCHRONOUS AND NON-SYNCHRONOUS
INFLATING RINGSAILS IN CLUSTERS

Cluate‘r Opez.xmg Synchrdnous Non-Synchronous
Configuration
Number of canopies 2or3 2 3
Rm 7.4 3.1 2. 47
c maximum .3 .47 .57
k  minimum .21 .35 .43
Ratio: Ck (rxons)/Ck {sync) - 1.57 1.90
1.67 2,05

Apollo test data representative of the two-canopy case is given in Table V

with F oo /Fay, = 1. 58 for test 26-5 m which the disreef time differential
was artificially increased by one second (nominal). Test data representa-
tive of the three-canopy case is given in Table I with Fi, . /Fay = 2,08 for

."‘J._’_"»M"%m! oy xmwmmm
3 ! «é




test 58-828 in which twe of the three solid cloth canopies were heavily
" However, it appears from Apollo statistics that'the Ringsail
three-canopy case may never reach the extreme inequity of load sharing

damaged®,

assumed; i. e., each of the canopies will always develop a uxgmfxcant frac-

tion of the total force.

Therefore, for preliminary design purpos&s in
systems having a unit canopy loading in the order of W/ZCpyS, = 1.0 psf

a conservative assumption for both two- and three-canopy clusters based on

the data in Table V would be a load ratio F

calculation of the design limit load for each parachute.
a design unit canopy loading significantly different from 1, 0 psf, this ratio
will tend to be smaller or larger than 1. 5 in proportion to :the synchronous

mass ratio (R, ), due to the slopes of the curves in Figure 28.

After a few suitably instrumented aerial drop tests hav'e been perfo rmed,

ax/Feync = 1.5 applied to the °

For systems having

the accuracy of the load factor method improves and it is useful in predicting

the probable opening loads of subsequent tests as well as the design limit

loads for conditions that it may not be economical to duplicate in the test .
The opening load factor of each stage is derived the test dat& by
using Equation 51 in the form C, ~ / ChSq,:

program,

6.3.2 The Mass-Time Method

The Mass-Time method of predicting parachute opening loads, developed in

detail in Reference 14, is summarized here.

in Equation 32 is calculated from

Both the effective drag area of the cahopy () and the added air mass (rna)
are expressed as functions of time in equatxons having emmmcally based

F =VUq+vm +(m +m)v+W
p a a p

coefficients and exponents as follows:

*When the damage occurred is not stated in Reference 10, but the results

Vo= aly, -4 )/, - ¢) e - 6 Mt

P

sinyY

CLS (1) = W=t (W, =¥ (- b/, -

3/
m_ = an V]

L v/2
ma-(3/2) pxaw ¥

tl)

tl)

t

1 n-1

The parachute force (F) used

52

53

54 -

85

56

indicate that extensive reefed opening damage of the lagging canopies may

have been responsible for the high leading canopy load after disreef,

1




H

The computation is carrxed out in steps using equations 30 through 33 to
describe system motion and a program of drag area changes similar to that
in Figure 57 for deteriination of the values of ¥; and ¥, pertinent to each
step. The growth that occurs during the reefed interval can be estimated
with the aid of Figure 47. Figure 47b is for the 88.1 ft D, Ringsail only.

If another size parachute is used we cannot be certain. The reefed intervals
are assigned first on a tentative basis and the filling times are calculated
with empirical formulae such as 42 and 43. As the computation progresses
through several iterations, optimum reefed intervals will be developed,

The added-mass shape factor (K,) is equal to 0, 66 for modified Ringsails of
the Apollo type but has not been evaluated for the standard design. Because . :
this iis pertinent only to the final stage of .inflation after disreefing when the
effect of the crown geometric porosity is diminished, K, for the standard
Ringsail design may not be greatly different. The results of two or three
well-instrumented drop tests would be'sufficient to provide substantxatmg
data. :

i

: ' ' .
The instrumental measurements required as a minimum are::

a. Weights of parachutes and ve}ucle durmg deployment and
steady descent E ‘

b, Photo theodolite flxght trajectory elements coordinated with
parachute force-time and. atmosphere density- altxtude
measurements '

1

¢. Onboard and ground-based motion pict‘ure records

t
!

| It was’ found that i'eef,cd opening loads could be: predicted accurately neglecting

the added air mass, i.e., K, = 0 for reefed stages.: Further, with the end of
reefed filling marked by the instant at which the parachute force reached its
peak, the assumption of linear-area growth with time gave good results. Thus,
in the area growth equations (53 and 56), the exponent n = 1,0 for the reefed
stages.: On the other hand, 'in the final stage of inflation after disreefing, n
proved to be a function of the filling time, varying with Atgy as shown in
Figure 60, The applicability of this data derived from tests of the Apollo
rmain parachute (slotted design) to the standard design also is uncertain;
addijtional test evidence is needed,

The Mass-Time method of opening load prediction gives good results when
the computation is carried out with a two DOF digital computer program
designed around the equations of motion given (30 through 33) and incorporat-
ing the variation of atmospherit density with altitude. When the empirical

t
: ‘ ;
! , .
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Atfo (sec)
Figure 60, Drag Area Growth Exponent vs Filling Time

(Disreef to Full Open)




cosfficients and exponents have been correctly evaluated, the peak loads will
be within #5% of actual and the final peak after disreefing will occur at the
correct time prior to full inflation. An example of the results obtained
during the Apollo program is illustrated in Figure 61.

The example in the form presented was computed to provide partial verifica-
tion of the data reduction process; i.e. average values of CpSR/CpS, and K,
obtained from all tests were used as inputs along with measured filling time
and reefed intervals for this test. Exponent n was read from Figure 59. The
pre-test computation is carried out step by step for each area stage tn deter-
mine the velocity at the start of each filling interval. Then, average values
of K¢ for each stage (e.g., Table IX) enable appropriate filling time to be
calculated. Nominal reefed intervals also are used as inputs. A pre-test
computation superimposed on Figure 60 would show the peak loade shifted

in time where actual reefsd intervals departed from the nominal and actual
filling times varied from the averages calculated with K¢ values derived
from all prior tests.

In order to evaluate the parameters of the Mass-Time method from the
results of aerial drop tests it is necessary to obtain coordinated velocity,
dynamic pressure and parachute force histories. The fiiling time from
disreef to full open must be measured independently from photo records,
because this does not appear in the force-time record. Other measurements
required to define inputs to the computer program include: initial altitude,
velocity, path angle, system weights; system descent weight when this differs
from the initial value; parachute weight (A detailed breakdown by components
should be recorded at the time the parachutes are rigged and packed.) and
the reefing parameters used (reefing line length or D /D, and reefing line
cutter nominal timed intervals). The computer program was made double-
ended and can be run backward to facilitate data reduction, i.e., inputing
trajectory data to obtain CpS vs time and K, for example.

6.3.3 The Area-Distance Method

The Area-Distance rnethod of predicting parachute opening loads is identi-
fied in Reference 14 as the '"Modified Mass-Time' methods. This method is
similar to the Mass-Timde method in all particulars except that the distance
traveled by the parachute while it inflates through each stage is expressed

as a function of the drag area growth. The reduced test data showed the
filling distance of each reefed stage to be a linear function of the change in
effective drag area during the stage. The computer program was modified

to accept these filling distances and to calculate how far the vehicle traveled
after the beginning of inflation, by integrating the velocity and "remembering"
where it started,
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The non-linear function of the final stage of inflation expressed CpS in
terms of lineal constanfs and a function of s® derived from averaged test
data where s* is the distance traveled since passing a reference point a fixed
distance before the completion of filling. There are other complications
that introduce discontinuities and make the final stage calculation somewhat
specialized. The drag area values between inflation intervals were deter-
mined as time functions in the manner specified for the Mass-Time method.

One of the important advantages of the Area-Distance method is that the
filling times fall out of the calculation. They do not have to be calculated
in advance. This greatly simplifies the approach to prediction of clustered

. parachute opening loads, which was a prime objective, Applied to single

parachute cases the method predicted reefed opening loads with an accuracy
slightly better than that of the Mass-Time method. Both methods had large
errors in the loads predicted for final opening stages of clustered canopies,
Also, both methods were not fully developed for the cluster calculations,
because only empirical coefficients for single parachutes were available

eg ... K, and ds/d¥, The observed discrepancies suggested that the added
mass terms caused each parachute to have a strong effect on the loads of
the others through the mechanism of system deceleration,

The promising potential of both methods for further development is shown
in Figures 62 and 63, comparing measured and calculated forces for two-
canopy cluster cases.

One of the significant aspects of the computed force-time histories is that
they were generated by the aquations of motion and parachute forces with
the input of sirgle canopy inflation characterisitics. Only the disreef time
differentials derived from the cluster test data were included to trigger
the nonsynchronous inflation process. The fact that the force-time history
of the lag canopy is reproduced with good fidelity is ample evidence that
the momentum of the added air mass coupled with system deceleration is
the prime factor. As noted, the equation for parachute force (Equation 52)
accounts for the effect of systermn deceleration on dynamic pressure in the
drag term during the reefed intervals and on both drag and added air mass
after disreefing, each parachute in the cluster being computed individually
such that F = F}, + Fp ++ + + F,,. There is nothing in the equations cor-
responding to the mechanical and aerodynamic interference seen to take
place between the inflating canopies in the film records. While this inter-
ference distorts the cariopies by flattening or caving in adjacent surfaces,
the evidence shows that this does not inhibit air ingestion or the inflation
rate. The theory of deceleration induced inflation instability of clustercd
canopies was first presented in Reference 34.
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6.4 STRESS ANALYSIS

Today, there are essentially only two practical methoda of calculating the
internal loads of a parachute structure.

a. The Short Method (Illustrated in Section 5 and Appendix C)
b. The Computer Method {Described in References 13 and 25).

There is no intermediate analytical approach of a general nature that will
yield results any more dependable than the short empirically-based method.
All of the intermediate quasi-znalytical methods developed are complex,
laborious, and time consuming and their usefulners is limited to a particular
type of parachute structure or a particular set of operational conditions
(Reference 24).

6.4.1 Structural Design Factors

The structural design factors (D. F.) are derived from required safety
factors (S. F.) and allowable strength factors (Ap) as the ratio

D.F, = 5,' F, /Ap 57

The allowable strength factor is the product

Apzueokirscosé 58
where the subfactors used in Ringsail design are defined as follows. (The
typical values given in parenthesis are seldom all used at the same time,
soms being squal to unity for each design cuse.)

u = joint or ssam efficiency (. 85 applied orly to MIL-Spec rated
minimum strengths)

e = abrasion loss (. 95)
o = humidity loss (. 95)
k = fatigue loss (. 95)

T = temparature loss (. 97 @85°F to account for the loss in the
strength of nyion dus to dynamic heating, for example)




24 e«?fg‘:’f‘g

t = vacuum loss (%)
|
8 = load distribution ratio {, 35)
’f = line convergence angle or similar deflection of the applied

load (0 to 20° or cos =.94 max. applied to the opening load
after disreefing)

For other values typically assigned to these allowable strength factors see
References 6 and 24. The allowable strength of the textile form is

z 5
PA AP PR 9

" For design purpnses, thé required minimum strength of material (P‘R for

a given member is

P'o s (D.F.) (Limit Load)/z 60

where z is the number of identical cords, webs, or tape plies in the member
(for fabric z = 1. 0).

In the atress analysis the margin of safety (M. 5,) of each member subject
to an applied load (T )} is

M.S. s (P /T ) -1 ] b}

6.4.2 The Short Mothod

6.4.2,1 Canopy

The short method of estunating canopy internal leads is based on membrane
theory and depeils heavily on einpirically devived ceefficiants and to some
extent o. the judgment of the designer. A genoral expression for the circura-
ferential unit lvad or hoopstress in an eilipsoidal surface of revolutmn having
no bending streagth s :

T “pr - T (r ir)) : T
< ) (s " € & ) i
*The vacuum factor was - 0.8 for the fitst Apollo parachutes to allow for

the estimateu etfects of outparsing and dehydration in a hard vacuum, but
later it was concluded that the inateriais recovered sufficiently during
atmosphie e entey that this factnr ol he amglected.

tbb



where p is & uniformly distributed pressure, r. is the Jocal radius of curva-
ture in the circumferential direction, T is the unit ioad in they meridional
direction, and rj is the local radius of curvature of the meridian.

As noted in Reference 22, "The difficulty inherent in attempting ts apply
equation (62) to a decelerator surface that is not a surface of ravolution ie
evident, although it is well suited for computing unit loads of bi-axial struc-
tures like woven fabric.

‘The short method employs the simplest form of equation (62) to develop
empirical formulas for the unit loads in the canopy fabric, i.e.,

re = Kpr 63

where K = 1.0 for simple curvature (cylindrical, conical) and K = 0.5 for a
spherical surface. For other shapes, K falle between 0,5 and 1.0,

"~ From these uhﬁono_hipo for unit pressure,

B=FIS, : b

and toi radius of curvature,

reD )2 s

The formuls given in Section 5 is oblained by -ubﬁtituuon in cquatwn (63}
withK = 0.5.

To estiinate Dy, for the resied canopy, tlu eifective drag ares must bo knows
in order to calculats

SP 2 CDSR ’ch 67

using cup from Figure 55b for a given mfmg ratio {DRI'DO).
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The problem is more difficult when the canopy iz not reefed because the
projected diameter of the canopy at the instant of puak loading is not pre-
dictable. The same is true after dinreefing, where various strategies are
used to define a local radius of curvatuss,

Whan the unit canopy luat}ing e low {say when W/CpSy <1.0) the peak upen-
ing load occurs sarly in the inilation interval, and the nen- reefed canopy
can be treated jike z reefed canopy by simply estimating from emnpirical
data wiiat tha equivalent reefing ratis weuld be. Sometimes a more accurate
egtimmate of radiug of curvature can be oblained from damage statistics, with
the assumption that the cloth developed its rated strength at the time of
failure waen tha parachute force wi a known value. Then from Equation 66
B, Fl 7 1221
& <
where T, = s u Py, using u - ! when tha cioth failure did not eccur along a
seam zmd s = 0.6 for x’ull sails in which the trailing edge stress is5 critical.

When the urit canopy loading is relatively high the peak toad of the nen-
reefed canopy, iike that following disrveefing of the reefed vancpy, occurs
later in the filling interval and in the limiting case may be coincident with
full inflation.  This occurred in disvoef overload teats of the 85,6 ft D
Apolio wain parachule with W/CHS8, #2. The results of one of these tests
provide# an instructive axample of the empirical approach deseribed akova,
In the test in questioe {3043) the parachute canopy was destroyed by a load
which rexched & peak at tie enset of failure of 3§, 350 ks, The rated
etrength of the cloth was Py - 42 th/ia, amn lhe average seam sificiency
measured u = .7, With the assutaption that failure occurved at a uwit load
of - - ' o '

e

Eqguation 68 yields D, = $P.4 for . Ve D0 Taee fils belwees Dy i, - 243
{nominall ard Dpi D, 74, the latter value beag the cesult of capapy mes-
SUPINEN* S madde at the peak load instant oy 3 suhsiar jest in whiich sltinate
damage wax not sustaiges”, :

P T e TR N

*"‘h Mtriany atieivars ¢ rosented o Hedesern. e Ly chm&vz ihe averaye uiat
toad acsass e el miaen 0 be aken ¢ %o ine nwasnem al trading cdpes,
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Othe: significant aspects of the design problem brough out by this example !
are:

i - a. In the design limit case the unit canopy loading would be much:
less (because the test was performed with an overweight.

vehicle) and the peak load, occurring earlier in the filling '
interval, would likeiy cause the crxtxcal hoopstress to' occur
higher in the canopy.

R I . A

b. The elasticity of tho structure reaults in subatantxal over-
_expansion of the canopy under heavy loads; i.e.. well o
: ~boyond the ncmiml projected diameter. o

- '_Cancidcr the parachuto of the abova example from the desxgner's vxewpouxt

" with a given limit Joad of F = 25, 000 lbs and required S.:F. =1.35. Applyxng
Equation 66, he would let D = 2/3 D, = 57 ft and obtain T¢ * 14 1b/in. ' For '
S.F. = 1,35 a design factor of D.F. = 2,7 should be used when 8=0,6,
whence P'p = 38 lb/in. and 1.1 oz ripstop cloth rated at 42 Ib/in; would be
selected. The fact that laboratory test data on hand showed a minimum

‘breaking strength of 45 1b/in. would boost the design factor to a real;zcd
- value of D, F, = 2,9 for added confidence,

‘The conservative nature of Equation 66 is brought out by eéxamination of'its ‘
underlying assumptions, . The Ringsail canopy is not a surface of revolution
but an ellipsoid made up of radial ribs and a large number of small semi- |, |
conical surfaces supported only along the edges attached to the ribs. The
profile radius at any stage of inflation is everywhere less than D_/2 except
in the region close around the central vent. Here the assumptmn ofa
spherical surface in which r = Dp/Z is a good approxxmatxon. v
The unit diffential pressure is not umformly distributed acrosa the inflated
area of the canopy but varies along the radials approximately as shown in
Figure 64, llowever, across the central spherical region of'the canopy
the differential pressure is essentially constant, These pressure distribu- "
tions are those of several different ones tested in the CANO computer b
analysis of the 85.6 ft modified Ringsail that gave best results in terms
of canopy shape and total load vs measured data as reported in Reference 13,
Since the shape and structure of the standard Ringsail is s;milar. it is ,
probable that such pressure distributions are representative and could be
used in the analysis of new Ringsail designs. Thus, the pressure calculated "
~ as p = F/Sp would be less than actual if all of the parachute force was the
, - product of pressure loading, However, an unknown but possibly signiﬁcant
s fraction of F is due to skin friction, which tends to mitigate the unconserva-
tive assumption about the pressure distribution, S

b e o
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6.4. 2,2 Suspension Lines

The load in one suspenaion line can be calculated with precision using

Tc = FLIM/N cosd 69 .
. However, the required strength of material based on its allowable strength
. -is determined as given in Section 5 from ’

P'R =(D. F.) F N ' (Equation 25)

LIM/

in which the design factor includes cosé along with the other allowable
strength factors. With Pg = P'p for suspension line cord (using Equation 69)
the margin of safety, in expanded form for clarity, is

Ap PR

M.S, = —m———— =
FLIM/N cosd

1 ; 70

6.4, 2. 3 Radial Tapes

The load in each pair of radial tapes is equal to the load in the suspension
lines up to the point of tangency with the pressurized bulb of the canopy,
both reefed and after disreefing, But after the reefed load peak, when the
canopy continues to grow and build up tension in the reefing line, the tension
in the radial will become greater than in the suspension line in proportion
to the canaopy development angle between them, This is not a critical load-
ing condition for the radial but is for the reefing line as shown in Section
6.4, 2, 6. ’

The fact that a radial tape strength (in pairs) of 90% P'g for the lines is
acceptable merely recognizes the fact that the efficiency of the suspension

line joint is generally about 90% and the tape joint is reinforced by the
canopy cloth,

6.4.2.4 Risers

The load in one riser is calculated by the same method used for the suspen-
sion lines simply by substituting Np for N in Equation 69,
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6.4. 2.5 Circumferential Bands

Because circumferential reinforcing bands are largely redundant members,
the only way to obtain a realistic load edtimate is to assume that the cloth
in one gore is cut for part or all of its length as shown in Figure 65, This
approach is illustrated in Reference 6. The validity of the result was
substantiated by a test reported in Reference 8 in which the lightweight
Century Ringsail sustained gore failures above and below the reinforcing
band but the band held and prevented the vent from opening widely. The
design analysis was aided by existing data for another Century parachute
test in which the canopy split from vent to skirt, From the failure analysis
it was possible to deduze approximate values for the unit running load and
radius of curvature at the point where the band appeared to be needed.

A similar method is based on the observation that the peak load after dis-
reefing occurs at a time when the projected area of the canopy is between
Sp = 0,7 and 0, 8 Sp,, for W/CpSo = 1.0 to 1.3 psf (Reference 14), Use

S5 #1.0 S, for hig%er canopy loading. At this same time the linear dimen-
sions of the canopy are elongated about 10 percent by the design limit load

8o that

D =1.1(4s /mt!? 7
p p

With reference to Figure 65, the unit running load T¢ is calculated with
Equation 66 using F = Fypy disreef and the assumptions are made that the
hoop tensions in the bands are equal and that

Tb+Tv=(hb-hv) 'I‘c 72
Whence
Tb z (hb - h;’) Tc/Z 73

Experience teaches that a good location for the band is on the upper edge of
a ring about midway between the vent and the "equator" * of the inflated
canopy. The equator of the fully inflated canopy is close to h/hRr = 0, 85,
When the canopy is partially inflated the location of the equato. is assumed
tobeath= 'erp/4.

* Term used to designate the point at which the perphery of the inflated
canopy is a maximum
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Figure 65. Method of Estimating the Design Load for a Mid-Canopy
Circumferential Reinforcing Band
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6.4,2.6 Reefing Line

Calculation of the tension in the reefing line is straightforward when the
riser load and the canopy development angle are know, From the vector
relations given in Figure 66, it can be shown that

TR = F (tan¥ - tan¢) /2w 74
Unfortunately neither of the governing factors can be determined accurately.
Initially the canopy development angle ({ - ¢) is zero and is still quite small
when F reaches its peak. Then as the force decays with § - ¢ continuing to
increase the tension in the reefing line reaches its peak. In other words, the

peak reefing line load is not directly related to the peak parachute force, and
steady state wind-tunnel measurements are not applicable.

A few measurements of reefing line loads were made during the Apollo para-
chute development program, These are presented in Table XXIIL The
maximum values turned out to be much less than expected on the basis of
data given in Reference 24, as the following table of measurements shows.
Inasmuch as somewhat higher load ratios can be expected in standard Ring-
sails due to the more rapid rate of increase in ({ - ¢) associated with their
characteristic growth while reefed, the designer should base his reefing line
material selection on a more conservative load evaluation, It appears that
an amply conservative load could be calculated as

TR = 2, 5% FR max, 75

or select a reefing line material of

i

P = 5% Fp max. oI 76

but not less than 1000 1b’ coreless braided cord in any‘event. this being the
allowable maximum for standard minature reefing line cutters, '

6.4.2,7 Pilot Chute usridle and Harness

The bridle and attaching harness of a pilot chule is subject to an initial
impact load that has been of critical magnitude in some Ringsail systems,
notably those of the Apollo and Century parachute development programs.
When it is feasible to neglect drag, the bridle and lines can be treated as
a linear spring and the probable magnitude of the snatch force estimated
from the expression:

F, = av (km)' /4 77
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where Av is the velocity differential between vehicle and pilot chute at line
stretch, k is the effective spring constant and m is the mass of the pilot
chute canopy plus one-third of the mass of bridle and lines. The stress-
strain characteristic of nylon cord shown in Figure 67 is typically non-
linear, but two average spring constants are identified: k; is applicable to
limit load calculations and k; to ultimate load calculations. Av is determined
from two-body trajectory computations.

Of course, the drag of the permanently attached pilot chute is not negligible
when the main canopy comes taut and the fully inflated pilot chute is im-
pulsively accelerated to the vehicle velocity. Computation of the impact
load in this case is best accomplished with a digital computer program
written for a two-body spring-mass system, However, the results should
be used circumspectly because the computed load will not be conservative
when the shock onset is sufficiently high to generate traveling stress waves
in the bridle. (See Reference 13.)

TABLE XXIII

MEASURED REEFING LINE LOADS ON THE 85, 6 ft D,
MODIFIED RINGSAIL

. |Test No, Resfing Data | Maximum Loads Ratio
Lty ["StgeTDRTA Do)l F -(b) [Tg -(B] | Tp/Fyp |

81-1 2 | 24 (1) 19052 229 .0120

(2) 13692] 132 . 0096

80-3 2 | 285 60| 121 . 0082

80-3R | 2 | 26,7 21184] 307 . 0145

BO-3R1| 2 | 26.7 19491] 121 . 0062

81-3 2 | 26,7 | (1)1emo] 225 | ,o1s3

(2) 19925 257 ,0129

81-4 1 8.4 | (1) 16318 .. ..

(2) 15834 143 .0l11

81-2 2 | 2607 | (1) 18897] 289 .0139

(2) 13391 -

NOTE: This reefing line loads were measured with strain gage
force transducers in the lines having electyical leads running
down the suspension lines to the telemetry tranumitter in the
vehicle,
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6.4,3 The Computer Method .

Al digital computer program idéntified as CANO was developed for poly-
symmetric annulate parachute structures (Ribbon, Ringslot, and Ringsail)
through which a, complete internal loads analysis can be performed using

an IBM 60-90 computer. The ‘mathematical model includes the dimensions
of every structural member in the parachute, together with the stress-strain
characteristics of eanh different rhaterial (e.g., Figure 67), the pressure
distribution across the canopy ‘(e.g., Figure 64), the shape of the canopy,
and the applied riser load, Stress-strain computations are iterated in small
steps throughout:the structural model until the calculated shape of the canopy
agrees with the observed shape and the calculated net pressure load agrees
with the applied load. The print-out includes a tabulation of internal loads

. for each structural member with sufficient accuracy to identify critical
areas and probable points of failure. This enables optimization of the struc-
ture for consistent small margins of safety throughout the parachute.

A CANO user's manual which inkludes a listing of the program is given in
Reference 25, Its application to the stress analysis of the Apollo parachute
system is demonstrated in Reference 13,

t
|

: ' .
16,5 ' CALCULATION OF RINGSAIL WEIGHT

'In making weight calculations it is convenient to prepare a table listing all
the members in the structure, their lengths (or areas) and their unit weights,
Total lengths (or areas) are summead and multiplied by the corresponding unit
weights to obtain the weight of each set of components. Table XXIV presents
& list of the unit weights of textiles {requently used in Ringsail parachutes,

6.5.1 Canogx and Lines )

i

A less accurate yet useful estimate of the wex&m of canopy and lines can be
mldc fairly quickly with this relationship, '
]

"W S, w s NL W, - 8a

Where w, is the unit weight of an existing canopy of similar design and w)
i3 the unit weight of the cord. Table XXV presents some typical unit weights
of Ringsail canopies calculuted with the same formula, ie.,

.

w (WP - N;. “ )/So ‘ : ?Bb
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L TABLE XXIV
.f.} TEXTILES COMMONLY USED IN RINGSAIL PARACHUTES
g Textile Form ‘ Unit_Str h Unjt Weight ( la v
Ib | Ib/inch Ib/ft | 1b/ft
Cloth: 1. 1 oz ripstop - 42-45 . 0076
(2) 1, 6 oz ripetop 50~ 58 .0110
i 2, 25 ot cloth 90 .0155
L Cord: (coreless braid) 400 .00303
[ i : 550 - ,00392
L 650 | . . 00354
P 750 .00527
: 1000 . 00710
| Tape:  5/8 inch 7 . 000926
i 5/8 inch 90 . 000996
l 1006 inch 200 . 00215
one inch 300 . 00302
one inch 525 .00624
Webbing: 9/16 inch 500 | .o00%0
1/2 inch , 1000 _ 0081
one inch ' 4000 : . 0271
‘one inch 6000 | L0344
1-3/4 inch 10000 « 0563
S NOTE: (1) Representativa mtamred values are given where known
S . (3 ‘I‘rip ulvaae clmh por Appondix D .
L 179
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TABLE XXV

TYPICAL UNIT WEIGHTS OF RINGSAIL CANOPIES

2, |
] Dottty | 8p,() |fe/Dy | Wp | Nggwy | ow (lblft) ,
R : - (b) | | ,
) 296 | 688 | .93 | 19| 235 | .on3s8
41 | 1322 .93 | a9 s.90 Lo,0020 ) .
86,2 2483 +97 | 38.6 ; 7.5 ! .0l1248
L6301 | 3130~ L97 1 53,8 10,91 - ., 91343 U
. 88,5 5091 ! I.40.11085,4 | 23,50 -7 ,01345
126.8 "13,035 | 1.15 [230 "y 63.6 . -.8M276 ;
LY Rissss =7 oot 7T
A good wexght eatimater for a cmwenao:a‘ sho?t rlus amsemhiy may be
- m&&o with - - o s e e
— R : L : , } L .
Wg s 'x_-..,: N ,-&n‘"l*,i.ti)'-w‘-" - M

~where £, is the lcngth of one icg in fee% a*d ww is the unit weight of the -
_’wbblng!} v .

n lbs/fi.

o Wh;n the main riser trunk is ltmger than 6 incha- add a!m diﬂercnee in feu- <

bt cawuu'mm or amassm ma@.srﬁ

At bast, the mtthods of calculaung pnra«.hum porosity y:eid imly approxio =

.. mate results due to the elasticity of the structure and the flexibility of
- ventilation boundaries. This causes tha relative porodity of the canopy to ‘
vary with differential pressure over a wide range, such that during opening

the relative porosity of the pressurized crown area may be an order of

. magnitude greater than that of the fully inflated area during steady descent, .

Since it is customary to characterize the porosity of a parachute with only
oite number, - it is important to unde rstand to wlneh phase of the parichute

“ .Gporatwn itis rclated. :
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The rated air permeability of parachute cloth (Ag) is measured in this
country at a differential prassure head of 0.5 inches of water, i.e., &p =
2,50 psf. From the relationship

F=A4p$S= CDSq 80
the equivalent dynamic pressure is
q = Ap/C)y 81

and for flat panels of parachuta cloth at « = 90°, CD = 1, 74%
whence |

q=2.6/1,74 = 1,49 psf

which corresponds to a velocity of
Ve = 35s4 £p3 EnAo SO

The cloth permeability is expressed in ft3/ ftZ/ min,, and defines the average
through-flow velocity in ft/min, at a given Ap. In these terms, any change
in Ap causes a marked change inA. The relative porosity defined as the
ratio A = A/v, where v is the free stream velocity, does not change as rap~
o dly, ‘but below Ap = 3 inches of water the rate of change is still significant
:7..as shown in Figure 68 for a typical parachute cloth of Ag = 125 ft/minute.
. Note that the relative porosity corresponding to this number is AR = 4.45%
" and the ratio Ap/Ag = 28,1 ft/min. /1%, But in the calculation of parachute
‘porosity the number 27. 4 ft/min, was established to represent 1% of rela-
- tive porosity and has been used as standard for many years, This cor-

B ; reoponda to the introduction of a drag coefficient Cp = 1. 05 into the calcula-
.‘tion,- an expedient for which no justification can be found. It would seem
_‘more logical to apply the cloth drag coefficient given above and use a value

~.of 2I. 3 ft/min. /percent of relative porosity to obtain a total parachute
porotity compatible with steady descent conditions. Then in calculating the
L ~canopy porosity pertinent to deployment and opening conditions a value of
f aay l/ 0 ft/ mm. /l% applied to AR would be more realistic, i.e., q=60 psf.

' *Uxireported data from wind tunnel tests of rectangular cloth panels
supported on two sides with leading and trailing edges free.
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Also for such conditions, the calculated goemetric porosity should be based
on the area of ventilation in the pressurized area of the canopy rather than o
in the entire area (S,). However, these are refinements that lack of time '
has made impractical to incorporate into the calculation ot ngsaxl porosity.

The total porosity of the canopy is ‘deﬁned as’ s '

] L =~_\g;+ A, (in percent) - % -1 82
}
where
. 3 . i -
x = + 1 H . 83
.8 .xgc Xga o : '
1 ' Al !
' AR _ [ ’ Lo Vo
S il LERLN W +§xc)] IR 7
_{ '

Agc = (Area of crown ventilation) (100)/8,

)‘g = (Total area of crescent slots) (100) /Sl ;

Mg = Cloth rated porosxty in ft /ft /mu;. at ‘
Ap = 0..5 in, -water .

L (Imporouc area of canopy) (100)/S,
1 . S P
Because of the difficulty of m_éklng an accurate appraisal of some of these,
ccmponents, several assumptions were made to simplify the computation,
. i ' .

a. Ventilation area covered by tapes is negligible, , ) i

b, The area of the crescent- shaped slots can be chara.cterized

in terms of an average slot, } C

¢, The imporocus area is a constant 2, 5%. o
d. The cloth porosity is a constant "R = 105, ft/min,
On this basis, the open area of the crown ventilation is

§ =8 +h_Z(slot lengths) R 85
c v R . ,

i ES’ =,003583 So ng ‘ . 86
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where ng is the nuprer'of rings of crescent slots in the canopy. The aver-
age value of the crescent slot area was derived from 'photogrammetric data
appliedito the basic dimensions of the 88.1 ft D, Ringsail whick mdxcated
“hat *he area of the slot nearest the skirt was 0, 408 percent of the gore area
(Sg) and,that of the uppermost cregcent slot was 0. 298% Sg. These relative
areas were calculated for slots of the shapes shown in Fxgure 69.

Near Skirt ! - Near Crown
i o ' ! ( Uppermost Crescent Slot)
: S . P :
Figure 69. Assumed Shapes of Crescent Slots v
v ‘l o )
i . ' ‘ . . |
The prressxon for tha reia.txve .porosity of the clcth reduces to,
1

o R YR 383[1-.01(,\4-25)] ' 87
N }

The poroaxtxes given in Table IX for Ringsails of D = 41 ft and larger were
calculated by the above method, The porosities of the smaller models were
- estimated from photogr‘ammetnc data, because the, simpliiied method pro-
i ducfed answers tha.t were clearly too low. - :
. : !
" - A more accurate method of calculatmg the relative area of pach ring of

crescent slots is expressed as follows, ‘ ; |
]

" Sp /8 =67 kn /N) (b/a)[ 007175 (h/h ) - . 003384 (h/ry )Z]

1 n | \ ‘

’I‘h)is allows for the va:\'ying shape of the slot with its pqsition in the gore and .

for variations in the relative widths of gores in different canopy designs. In

one test case utilizing dimensional data for the 63,1 it D  model the calcu-

lated value of A, came out 15 percent greater than that obtained with the

simplified method. This refined method has not seen much usé because it

‘is laborious and time consuming. P \\ l
it

'.r, ' . ! EY ‘n

| . 184 .




Inasmuch as the method of calculating porosity incorporated in the Ringsail
computer design program (WG 176), yields totals that are about 20 percent
less than those produced by the above methods, it is clear that considerably
more work could be done in this area to put Ringsail design analysis on a
firmer footing,

Ideally, the relative porosity of a parachute canopy should be presented as
a function of dynamic pressure for three different operational conditions:
reefed opening, opening after disreefing, and steady descent, The total
porosity for each condition might be defined as

)‘T _Sg/SAp+AAp 89
where S_ is the open area of the ventilation in the pressurized area (Sp.)
and A, ,is the relative porosity of the cloth in the same area. Although
the practical difficulties in the way of obtaining such data are formidable,
the end result finally attained would be a marked improvement in the pre-
dictability of parachute performance.

Since, most design needs can be satisfied with the crown geometric porosity
A /100 = (5, +Z8 )/8 90
gc v g o

it is the only porosity calculation presently required for Ringsail design, The
precise determination of total porosity can be left for future development,
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SECTION 7
CONSTRUCTION DETAILS

The preparation of detail drawings of a Ringsail parachute assembly for
use in the shop entails consideration of a number of features peculiar to
the Ringsail design along with many others common to the art,

7.1 SAIL PATTERNS

A table of sail pattern dimensions including seam allowances is provided,
These are calculated from the gore coordinates as described in Section 5,
Note that the warp of the cloth is always horizontal,

7.2 SAIL EDGE TAPES (INTERCOSTALS)

The lengths of these tapesare determined automatically by the sail sub-
assembly procedure described in Section 8, Hence, no dimensions other
than the sail pattern dimensions are needed, The use of Trip Selvedge
cloth minimizes the number of tapes required,

7.3 RADIAL TAPES

A radial tape marking diagram is provided in which the dimensions between
marks are identical to those on the gore assembly layout, i.e,, neglecting
the angularity of the radial seams, This introduces a small increment of
radial fullness in the sails in addition to that resulting from the fact that
the woven width of the cloth is always greater than ite nominal width,
Another increment of fullness results from take-up due to thread tension
along the seams, )

Two sets of radial tapes are identificd, one extending one inch below the skirt,

- the other two inches, When assembled in pairs the bottom extensions provide

a wrap-around tab of tapered thickness for the suspension line joint,

7.4 VERTICAL TAPES

Each vertical tape is made of one length of tape doubled with the fold at

the bottom end, The tape pasres around the lower edge of the sail below

the last ring slot in the crowan so that half the tape is on top and the other
half on the underside of the canopy., Since the 1-2 slot is small it need not
be crossed by the tape and the ends can be finished off by folding them over
the upper edge of sail 2 as shown in Figure 70, It should be noted that,

with a few recent exceptions, Ringsails up to this point have utilized vertical
tapes across the !-2 glot as shown in Appendix A,
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Tape Sail Sail 1 Vent Band

.

Figure 70. Cross Section of Vertical Tape Cut on Gore Centerline

A marking diagram is provided in which the sail spaces are made approxi=
mately two percent longer than the nominal woven width of the cloth to
minimize the distortion caused by take-up along the seams when the tape
is stitched to the sails,

7.5 THE GORE SUBASSEMBLY

The gore subassembly consists of one set of sails and one pair of radial
tapes basted together, The radial tape on one side of the gore is placed
on top of the sails and the other underneath so that when the gores are
joined along the radial seams the two layers of cloth will be sandwiched
between the tapes.

One vertical tape is also made part of the gore subassembly, It is stitched
in place with a continuous two-needle seam of "E'" nylon thread running full
length,

7.6 RADIAL SEAMS

The one=-inch radial tapes are folded together with the cloth in the one=half
inch fell seams to minimize the variation in gore widths produced by over
and under-folding., A three-needle seam of "F' nylon thread is used
because comparative strength tests have shown this yields a maximum
seam efficiency, (With 200 lb radial tapes and 8 to 10 stitches per inch
the seamefficiency in 1,1 oz, cloth is 81 percent and in 2, 25 oz, cloth,

86 percent,)

7.7 ~ CIRCUMFEREN"IAL BANDS

in conformance wiill: common good practice marking diagrams are provided
for vent, skirt, and intermediate bands to provide N equal spaces cqual to

the gore width at the latitude of each, The calculated band dimensions are
increased by shrink allowances as follows:
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Vent: Cp = Cy' + (0 to 3%)
Intermediate: C, =Cp + 2%

Skirt: Cp =Cg+ 2%

In practice these allowances are negotiated between the shop and engineering
when cloth stretch or gathering along the seam poses an assembly problem.

Band lap splices are usually made 4 to 6 inches long and are located far apart
around the canopy, each centered on a different radial seam.

7.8 SUSPENSION LINES AND VENT LINES

Line marking diagrams are provided in conformance with common good
practice,

The vent line attachment is a simple 4 to 6 inch lap over the main seam
secured with one row of double-throw rig-zag stitches, The vent line
length is made equal to the vent diameter (Figure 71),

The skirt line attachment is a 4 to 6 inch lap over the main seam with the lower
ends of the radial tapes wrapped snugly around the cord below the skirt for

a distance of 2 inches all secured with one row of double~throw zig=zag
stitches,

7.9  PILOT CHUTE BRIDLE HARNESS

When a permanently attached pilot chute is part of the system and predicted
impact loads are high, a special bridle harness is employed to relieve the
vent lines of the strain and abrasion produced by such loads, and to minimize
the vent closing tendency of bridle tension. The number of lines in the har=
ness is made equal to N divided by an even integer, and the ends are lap-
spliced to the under side of the radial seams parallel to the vent line splices
but offset enough to prevent superposition of the zigezag stitching, The
harness includes a confluence keeper and centering loop, and the length

of the lines is made equal to the length of the vent lines, i, e,, vent diameter,
as shown in Figure 71, ' :
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7.10  RISERS

The riser design conforms with common good practice, employing a keeper
at the confluence constrained to prevent slippage and having all plies stitched
together between the keeper and the attachment loop to prevent interlaminar
slippage. Buffers are installed in each attachment loop.

Standard line to riser links of the separable types are used except when
weight limitations dictate the design of special links that more closely
match the strength required, The links may be covered with envelopes
of dacron felt to protect the textile members from abrasion, particularly
when the packing pressure under the ram foot is high,

Bridle Attachment Loop

‘Keeper

Harness Lines

Vent Lines

Figure 71, Bridle Harneus for Permanently Attached Pilot Chute
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SECTION 8

FABRICATION AND ASSEMBLY

Fabrication and assembly of the Ringsail parachute follows conventional
shop practices with the exception of the specific construction details de-
scribed in Section 7 wherein the Ringsail differs from other types of para-
chutes.

8.1 Cloth Layout and Cutting

The sail dirmensions, as described on the engineering drawing, are trans-
ferred to heavy pattern material in the shop and trimmed to size. These
serve as master marking patterns. For each cutting operation, the master
pattern is used to layout a cutting pattern on a single long sheet of pattern
paper, alternating the upper and lower sail edges to minimize materia)
waste., Some wastage is unavoidable because the angle of cut is different

for each sail. The difference may be negligible in the srmall sails near the
vent but not for the majority, Care should be taken to insure that the pattern
is followed because neglecting, to any degree, the angle of cut could seriously
degrade the performance of the finished parachute. A large cutting table is
used and sail material is distributed over the length of the table (under no
tension, back and forth) so as to create a stack of sail material. Care must
be taken to insure that each layer of the material is smooth and the edges
straight and even. The thickness of the stack of cloth will vary depending
upon the size of the parachute and the number of parachutus to be cut at any
one time, This generally is worked out by the manufacturer, After insurine
that the stack is uniform in smoothness and straightness, the cutting pattern
is placed upon the material stack and secured into position with weights, The
cloth stuck is cut with a power shear along the lines marked on the cutting
pattern. Note that the cutting pattern is cut simultaneously with the sail
stack. Each cut set of sails chould be stamped with the gail number near the
center lower edge of each satl tv a1d 1n future wlentification and assembly,

8,2 SAIL EDGE TAPES

Sail edge tapes are sttched dires tly to the sails chainwise off the roll and

cnt off even with the edpe o) eack sail to separate the sail subasseniblies,
The cloth and tape are fad theoagh the two: needle sewing machine in a
mannet that will minimize pathering ve take up in #ither tnember. A min-
imum thread tenswn iy used and "B nylon thread may be substituted for "E™"
thread vn sails ¢f 1.1 ez2/yd” ripstop cloth, - -
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83 RADIAL TAPES

Radial tapes are marked under nominal tension* in accordance with the
marking diagram. An allowance of about 1/2 inch is made at each end for .
turning under yo cover cut ends. One of each pair of tapes is made one inch
longer than its mate at the lower end to provide for the tapered suspension
line joint (see Figure 11),

8.4 VERTICAL TAPES

The double vertical tapes are marked under nominal tension* in accordance
with the marking diagram. An allowance of about one inch is made at one
end for turning that end over the other cut end when finishing the gore sub-
assembly,

8.5 THE GORE SUBASSEMBLY

The gore subassembly consists of one set of sails, one pair of radial tapes
and one vertical tape. About one-half of the sails will be subassemblies

_carrying tapes on one or both selvages, the remainder will have trip selvage.

The upper edge of sail 1 will have a 1-inch rolled hem basted with "B" nylon
thread. One of the radial tapes will be about an inch longer thau the other.

]

The radial tapes are placed even with the cut edges of the sails and basted

‘with one or two rows of "B" nylon thread through each sail in proper order
. holding upper and lower edges even with the marks on the tapes. The tape
‘on one side of the gore is placed on the undersurface and the other on the

upper surface, always in the same order from gore to gore, Cloth fullness
is distributed uniformly between marks, The basting seam is placed where
it will not interfere with subuquent toldiug and smching of tho main radial

seam,

The double vertical eape is stitched in place along tho gore centerline with -
a continuous two-needle seam of "E" nylon tliread running full length. The
mid-tape bend (s made around the lower edge of the sail below (he longest
ringslot, sandwiching the cloth between the two halves. The long upper end -
is folded back 1/2 inch and bent over the upper sail edge to cover the short.
end even with the sail edge. _ _ ;

Nominal tension is sufficient to straighten the miterial for maintenance of

dimensional consistency without undue stretching, u.ually about 5 lbc
carefully measured each time,
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8.6 . CIRCUMFERENTIA L BANDS

Thle vent, skirt, and intermediate bands (if any) are marked under nominal
tension in accordance with the marking diagrams on the drawing, which
include provisions for lap splices., Temporary marking jigs are used until
‘the spacing take-up allowance has been verified on the prototype assembly.

8.7 SUSPENSION LINES AND VENT LINES
. I i
Suspension lines and vent Jines are marked in accordance with the marking
diagrams while subjected to a uniform tension, usually 20 lbs. As in any
circular par#chute the purpose is to produce a high degree of uniformity
in the length of lines adound: the canopy. The material should be rolled off
- 'the spool and allowed to "relax'" tor 44 hours before marking. Recently
some mahufacturers have not stoved their ling material spaols but store it
loosely in boxes. In these cases it is not necessary to relax the material
‘for 24 hours. If lines are unusually long, tension may be applied with the
linu routed around a pulley,
¢ '
8.8 RISERS ‘ ‘

¥
1 !

Riser materials are measured, cut and assembled in conformance with the
‘besdt standard practices using n- pomt croas-stitch patterns, Box stitch
patterns are not used. : ; ‘.

‘8.9 ' THE CANOPY ASSEM{-}L‘Y
The canopy a'u‘emhly consists of N gore subavsﬁéinblics. N/2 vent lnea,

- vent and skirt bands, and any mid-canopy cireumferential reinforeing bandr
that may be roquired, If i permanently attached pilot chute {8 rcquwed
the apax bridle harness will be & p.i rt of tlw canopy assembly,

The canopy is agsembled gore by! ;,ow w:!h throe .needle fell seams of "F‘"

, huylmn thread, In each seum the two radial tapes are folded together to vne-
“half width with the cloth sandwicked between, The upper and lower tapes
-are held together and fed throngh the sewing machine from sail edge to sail
edige in a way that will minimize difforential gathering of the cloth and dis--
placement between .ulgmnmg suil edges avross the seam. A maximum
misaligniment of £1/4 inch iz aceeplable and provides adeguate continuity
of structure argund the canapy, A skilled operator requires only 4 few
mitutes lea mmg tithe to produr o wy vk within this toleranw. Seam ’o!ding
.uds may be used but are bot esseatial,
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When a canopy is to be made up of several large segments, each assembled
by a different operator, care must be exercised to ensure that each operator
employs the same main seam stitching technique in joining the gores so that
: the radial take-up will be uniform all around. Common practice is to stitch
the seam downward from vent to skirt so that the radial tape tabs can be

; easily fanned out as the seam runs off the bottom, Tab fanning is done to
facilitate the wrap-around operition when the suspension line joints are
finished,

Vent, skirt, and intermediate bands are stitched to their appropriate ring
edges so that each mark falls on a radial centerline, Care is exercised to
effect a uniform distribution of cloth fullness between marks. If any dif-
ficulties are encountered here, a satisfactory change in the shrink allowances
can usually be negotiated with the engineering department. Band lap splices

. are made, each centered on a different radial seam, and stitched as speci-

. fied on the drawing.

Vent lines are installed in the conventional manner on top of the canopy with
end lap joints secured with one row of double-throw zigus stitching runnmg
one-half inch off each end of the lap,

The bridle harness, if one is required, is attachod to thc apex of the cmopy
as illustrated in Figure 7l. :

-8.10  THE PARACHUTE ASSEMBLY

- The standard parachute assembly consists of one eanopv assembdly, N .
. suspension lines, N-2 reefing rings, two cutter pockets with doubleﬂ.
- two cuttu- lanyaﬂ!s, one riser assembly, and a set of links.

Lach suspension line 18 stitehed to the skirt of the canovpy with one row of
. double-throw zigzag stitches starting 172-inch above the cord end and
- extending to 1/2-inch below the radiai tab end. The radial tape tabs are
wrapped snugly around the cord for a distance of 1.5 to 2 inches below the
~ skirt and secured as the row of zigzag sutches is run ;hmngh to uu eaﬂ of
~ the pattern,

~ Each reefing ring must be attached rigidly to the inside of the canopy at the
intersection of the radial with the skirt band. The ring attachment should
cunsist of 5 turns of waxed #6 nylon cord daubled and tied off on.the sutside
with a surgeon's knot and an overhand knot. Machine stitched hold-duwu

. cleats of upe are acceplable if mid- gore reefing is uud ‘




The cutter pockets with doublers are installed on opposite sides of the
‘canopy at the gkirt in the conventional manner. The short cutter actuating

- lanyards os suspension line cord are attached to the a.ppropriate suspension
lines in conformance with best practice for the tubular insertion-type joint
known popularly as th&"Chinese Finger Trap." The location specified for
this attachment will be far enough below the akirt to ensure complete extrac-
tion of the ﬁring pm from the cutter.

The ou-pcnsion line attachment ¢ the riser link is made as a snug loop
arcund the bar (preferably two turns when space permits) with the bitter
end inserted into the tubular cord and secured with a short zxgzag stxtch
pattern (approximately 2 to 4 inches long) near the link bar.

8.11 DIMENSIONA L TOLERANCES

The characteristi~ stress-strain curve of parachute textiles affords inherent
forgiveness for errc ‘s of fabrication that distort the po’ysymmetry of the
structure, As showv..: in Figure 67, an initial elongation of one percent is
attended by a load of only 3 percent of the ultimate strength of a typical
material. For all dimensions longer than 20 inches 1 percent would con-
stitude a generous tolerance. The shortest critical dimension is the width
of the gors at the vent band (typically 2 to 3 inches in the Ringsail) for which
a variation of .1 inch or #5 percent is reasonable. On this basis it is pus-
sible to construct a diagram of acceptable dimensional tolerances as shown
in Figure 72. Use of these tole~ nces for the finished dimensions of Ring-
sail parachutes is r#. »ramende.. when they do not conflict with tighter stan-
dards dictated by .;ecific orerational considerations.

8.12 oA LITY CONTROL

The methods of construction employed in the Ringsail parachute lend them-
scives to good in-process control by the sewing machine operator as well
a5 casy post-assembly inspection. Close control of the folding of the inter-
gore foll seams by the radial tapes is one example, Good practice is to ‘
inspect all patterns and marking boards and witness call cutting of material.
In-process inspection pouts can be ‘established to insure basting of the gore
ageemblies are proper ‘before assembly and that all gores are properly
aseembled prior to installing the vent and skirt ‘bands.

The important dimensions of the final parachute assembly that must be
uniform around the canopy within reasonable tolerances to ensure good
polysymmetry of the structure are as follows:

t

Best Avail'abiie Copy
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a. Vent line iength

b, Width of gore at vent band

c. Length of radial from vent ta skirt
'd. Width of gore at skirt band

e. Suépension line length

f. Riser length

In general, dimensional inspection of 10% of items (a) through (e) above,
taken at uniformly distributed points around the canopy are sufficient to
insure good quality, Although the width of the gore at intermediate points .
between vent and skirt is also important, the method of assembly prevents
large discrepancies and it usually is not feasible to check such dimensions
except at intermediate circumferential bands,

If the measuring and marking of components is controlled to within close
tolerances, then the inspection of the coincidence of matching marks can
provide one measure of the dimensional accuracy of the assembly.

The line lengths are easily checked to the design dimension by applying the
same tension used in their fabrication (usually 20 lbs)., Checking the lengths
of the canopy assembly along stitched seams is more difficult, During the
manufacturing process a canopy cut to the design dimensions ''shrinks, " i. e.,
becomes shorter along all stitched seams due to takeup caused by thread
tension, etc. Owing to interlaminar friction, it usually requires more than
a little tension to stretch such seams back to the original length, and verifi-
cation of uniformity around the canopy is inconvenienced, However, the
inconvenience is not great, requiring merely the determination of an average
dimension on the first production model to be checked at nominal tension

~(say 20 lbs).

A parachute, during the inflation process, stretches and it happens that
under the nominal loading of steady descent the elongation of all components
is more than sufficient to restore the assembly to its design dimonsions;
indeed, considerable over-expansion of the area is the rule for Ringsail
parachutes larger than 40 ft D,, Therefore, the requirements for the fabri-
cator to apply a shrink-scale to the measurement of some of the canopy tapes

.tapes and bands, to make trial canopy assemblies, and to juggle measuring
tensions until the parachute can indeed he checked against the design dimen-

sions is superfluous, Quality control of the polysymmetry of the canopy

- can be effected very simply by measuring the first production model under

a stahdardized constant tension and establishing the average dimension of

each component to be satisfied on the inspection table,
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APPENDIX A

PROMINENT RINGSAIL PARACHUTES

This Appendix presents design information on a number of the better known
Ringsail parachutes. This information is presented for the benefit of the
dasigner to provide some insight into the various methods and techniques
used in the structural design. Figures 73 thru 76 presents still photographs
of Mercury, Gemini, Apollo and Century Series Parachutes. The Century
Parachutes in cluster are shown in the Frontispiece.

The Ringsail parachutes shown in Table XXVI and the figures referenced
were selected as representative of the full spectrum of system operational
requirements that can be met with negligible development risk, A guide to
reading the fullness distribution curves presented in Figures 78 through 105
is shown in Figure 77.

TABLE XXVI

REPRESENTATIVE RINGSAIL PARACHUTES

D, (_!t) Program or Operational System Figure
29.6: | Project ASSET 78
4_‘. 0 B-58 Escape Capsule and SUD 79
z Aviation Nose Cone recovery
€3.1 Mercury Capsule Landing System 80
83. 2 | Gemini Spacecraft Landing System 81
85,6 Apollo Earth Landing System 82 thru 104
. (including various development
configurations)
128.8 | Century Series 105

Included with the information relating to the final design version of the

.modified Ringsall of the Apollo ELS cluster is a group of construction data

sheets for significant test specimens of the many prior versions fabricated
and tested during the development program. The original Apollo main
parachute had a nominal diameter of D, = 88,1 ft, Subsequent versions
diffazed in two basic ways, embodying:
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a. Basic design modifications aimed at improving cluster
operation and reducing weight,

b. Changes in materials of construction during the structural
evolution required to strengthen critical members and meet
increasing design limit loads as the spacecraft weight grew
from 9, 500 to 13, 000 1bs.

Two classes of parachutes are represented in Figures 78 through 105 and
the data sheets which follow:

a., 72 gore Ringsails of standard and modified designs a.ll'having
nominal diameters in the range of 87 to 88 feet.

b. 68 gore, 85,6 ft Dy Ringsails modified by removing 4 gores
from the standard 72 gore model and by removing 75 percent
of the width of ring 5.

The 72 gore canopies with the exception of PDS 3120 have a constructed
shape that is essentially a spherical segment to which fullness has been
added as shown in the diagrams. The 68 gore canopies being assembled
from spherical gores have a truncated ogival shape with an apex angle of
19 degrees, and the same fullness distribution as the standard 72 gore
model, The constructed shape of PDS 3120 is a truncated ogive with an
apex angle of 15 degrees. For convenience the 85,6 ft D, ogival shaped
canopies were designated “conical" in the drawing titles and the popular
nominal diameter of 83,5 ft is retained to agree with the original documen-
tation.
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| Figure 74. Geminl Spacecraft Landing System, 84,2 ft D; Ringsail
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At Tt st gt

PART NO,: R5616-1
TITLE:

NO. GORES: 24

TYPE OF REEFING: RADIAL

PARACHUTE, 29,6 it D, RINGSAIL

o ewe

ta) TRIPLE.SELVAGE CLOTH

o . (4
1] AEAMSGAGE B poun L,

1 THRU

GCENT R

{6 cincum"uwrm. RUINFORCUMENT

211

ITEM mmmu._
VYENT LINES | 550 b NYLON CORb
VENT BAND 900 b NYLON TAPE, 1.0 WIDE .
CIOTH WRIGHT ~TAFE_
RING NUMBER OZIYD {a) B, LB WIDTH, IN,
1 2.25 - 90 (b, ) .62
2 2.25 90 (e, ) .62
3 2.25 90 (c, ) .62
4 N 90 (¢, {) .62
5 Iy Noae - None
i Lt None Nona
: -1 1.1 7 Nong Nane
y s 1 Noue None -
I 1 IR None None
CVERTICAL TAVE | 90 (b NYLON TARE, .02 WIOE (o)
_SKIRT BAND_ 300 1b NYLON A PE, 1.0 WIDE i
RABIALS (2 BACH) | 300 I NYLON TAPE, 1,0 WIDE
SUSPENSION LixtS | 380 1b NYLON CORD _

{c} LEADIRG AND TRALLING EDGE
THAMIING EDCE ONL

{ OF t,oar?w TOP RO, $ Sall,
‘rum DIAGONALS & TH RMINATEY AT HADIAL AT BOTTOM 0:-‘ NO. s SALL.
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PART NO,: R5044-501

TITLE: PARACHUTE, -1 ft D, RINGSAIL

| NO. GORES: 32
TYPE OF REEFING: RADIAL

ITEM MATERIAL

<L . . | VENT LINES 550 1b NYLON CORD

| VENT BAND | 900 15 NYLON TAPE, 1,0 WIDE
3 T CLOTH WEIGHT TADE
KING NUMBER 0%/ YD (a) B, LB WIDTH, IN,

: ‘ 2 \ : _‘ >2._25. ém '(c) o 1o
" . ll 90(d)~ 6z
Asf ' SEE 'u-"zo (@ f’g,_azf

6 . b vNome o T U Nome

i -
1B : : : : - -
: T Y None . .| =~ Nona

- . .' L 8 - L | vene None

9 b wt Sl weme o Neme ol o

VERTICAL TAPE NONE

- , : SKIRT BAND “ | 3001b NYLON TAPE, 1,0 WIDE -

RADIALS {# EACH) » 300 Ib NYT.ON TAPE, 1,0 WIDE

N SUSPENSION LINKS 550 1b NY[;CJN CORD

(a) TRIPLE.SELVAGE CLOTH {c) LEADING AND TRAILING EDGE
“(b) LEADING EDGEONLY - -(d) TRAILING EDGE ONLY .
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' PART NO,: RS157-321 | ’
| fITLE: ~ PARACHUTE, 3.1 fy D, RINGSAIL '
‘ . NO, GORES: 48 ‘ : e |
: } , ' o _ :
', | TYPE OF REEFING: RADIAL | | ‘
¥ : . T— - . ,!
! ' IIEM ) _  MATERIAL .
C VENT LINES | 550 Ib NYLON CORD I |
, VENT BAND: i | 900 Ib NYLON TAPE, 1,0 WIDE 3 ,
CLOTH WEIGHT TAPE 1
+ |_RING NUMBER ' | 0%z/YD? (a) TP, LB | WIbiH, IN, ' -
L ' 1 : 2.25 90 (b) 62 |
' o i ! 1
! | 2 ) '2.25 NI .62 |
b | 3 1 e ‘ 90 (c) 62 1| ‘
4 | 2.25 90 (d): |, .62 ]
! 5 3 W 0@ ez
! 6, L 0@ 62 | ’
7 ! 11 Crow | ez !‘
B ! | o8, | BRI 1 1 (@) ° 62 ,
'ii 9 Lt None l Nc‘me . L
f’g ' ! | ' 10 ! | TP ' None ' .| ' Nome ‘ |
; , ! .
. i | | \ ! | | |
Lo VERTICAL TAPE  |' ' ' } o ’ |
| 300 Ib NYLON TAPE 17O WIDE
. + | SKIRT BAND 525 1b NYLON WEBBING, 1,0 WIDE ! | '
b RADIALS (2 EACH) | 300 Is NYLON TAPE, 1.0 WIDE N
SUSPENSION LINES | 550 t NYLON CORD ‘ o

T

1 t ! '
, ! (a) TRIPLE.-SELVAGE CLOTH,  (c) LEADING AND TRAILING EDGE
(b) LEADING EDGE ONLY (d) TRAILING EDGE ONLY ' |

[

' i
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PART NO,: R6220-525
TITLE: PARAGHUTE, 84,2 ft D, RINGSAIL
NO, GORES: 72
TYPE OF REEFING: RADIAL
ITEM MATERIAL
VENT LINES 550 1b NYLON CORD
VENT BAND __ (2) | 900 Ib NYLON TAPE, 1,0 WIDE
; CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) P., LD WIDTH, IN,
{ 1 2,25 300 (b, e) 1.0
| 2 2.25° 300 {c, e) 1.0
i 3 2,25 300 (Q. e) 1.0
' 4 2,25 300 (c, e) 1.0
' 5 2.25 525 (d, e) 1.0
6 1.1 90 {d, o) .62
| 7 L1 70 (d, e) .62
| 8 L1 70 (d, e) .62
' 9 Lt 70 (d, ¢) .62
10 11 70 (d, e) .62
| L1 70 (4, e) .62
12 13 11 70 (d, o) .62
VERTICAL TAPE NONE
SKIRT BAND 500 1b NYLON WEBB, 1,0 WIDE
RADIALS (2 EACH) | 300 Ib NYLON TAPFE, 1,0 WIDE
SUSPENSION LINES | 550 Ib NYLON CORD

(a) TRIPLE.SELVAGE CLOTH {c) LEADING AND TRAILING EDGE

tbg LEADING EDGE ONLY (d) TRAILING EDGE ONL
e) CIRCUMFERENTIAL REINFORCEMENT :
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PDS 808-1 88.1 ft Dy Ringsail Parachute
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PART NO,: PDS 808-1

TITLE: Parachute, 88,1 Ft Dy Ringsail

NO. GORES: 172

TYPE OF REEFING: Radial
ITEM MATERIAL
VENT LINES 400 Lb Nylon Cord
VENT BAND 900 Lb Nylon Tape, 1,0 Wide .
CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) P,, LB WIDTH, IN.
1 L1 None None
2 1.1 None None
3 L1 None None
4 L1 Noae None
S L1 None None
. L1 None None
? L1 None None
(] 11 None None
9 L1 None None
10 i None None
11 1.1 Noue Noae
12 1.1 None None
_VERTICAL TAPE None

SKIiRT BAND

500 Lb Nylon Webbing, .56 Wide

RADIALS (2 EACH)

200 Lb Nylon Tape,

106 Wide

SUSPENSION LINES

400 Lb Nylon Coed

{3) TRIPLE.SELVAGE CLOTH
(b) LEADING EDGE ONLY

(¢) LEADING AND TRAILING EDGE
(d) TRAILING EDGE ONLY
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|
!
| PART NO,s  PDS 926-1
; TITLE: Parachute, 88,1 Ft Do Ringsail
1 NO. GORES: 72
| I TYPE OF REEFING:  Radial
ITEM - MATERIAL _
VENT LINES 400 l:;ylon Cod
VENT BAND (3 each)| 900 Lb Nylon Taps, 1,0 Wide
B T CLOTH WEIGHT ' TAPE
} RING NUMBER 02/¥D? (a) Po L8 | WIDTH, TN,
3 1 2,25 200 (b} 1,06
2 228 200 (<) 1,06
3 2,25 200 {c) 1,06
. L1 1200 () 1,06
' L1 90 {d) .62
Ny o 90 1a) .62
" L Noss |  Nose
8 L  Nome None
Y W W b Nome None
1 |  None None
1 Ry fome | Nose
w 1 o © Moae Nows
 VERTICALTAPE | Nowe
SKIRTBAND | 500 Lb Nylon Wetbing, 56 Wide
RADIALS (2 EACH) | 200 Lb Nylon Tape, 1.0 Wide
SUSPENSION LINES | 400 Lb Nylon Cord

{a) TRIPLE.SELVAGE CLOTR (¢} LEALING AND TRMLING EDGE -
() LEADING EDGEONLY (4 TILULING EDGE ONLY
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Figure 84, Gore Pattern and Fullness Distr.bution,
PDS 927-1 88.1 £t D Ringsail Parachute
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It e L

PART NO,: PD3927-1 \
- TITLE: pamum; 88,1 Ft Dy Ringsail

NO, GORES: 72

TYPE OF REEFING: - Radial

et —

I

ITEM __MATERIAL

VENT ;.mm . 400 uinyton Cord _ 7
P : VENT Mﬂé(a each)| 900 L Nylon Tape, 1.OWide
— E—L‘—mm WEIGHT | TADE

_RING NUMBER 0z/¥p? (a) P, LB WIDTH, IN._

7 I 200 (b) .06

11 200 (<) 1,06
. L 200 (<) 1,06

11 00 () 1,06
w0y
Lo | sota

¢ & < & B & e W e
o
-

8 ‘ii -
.[‘;
Ly

-
@

SESEREE

FEEEET

, 2 R |

g el

YERTICAL TAPE | Nowe

SKIRT BAND | SO0 Lb Nylom Webbing, ,Sb Wide

RADIALS (2 EACH) | 200 L& Nylom Tape, 1,06 Wide
SUSPENSICN LINES | 400 Lb Nylen Cord

(3) TRIPLE.SELVAGE CLOTH  (c) LEADING ARD TRAILING EDGE
(3 LEADING EDGE ONLY (& TRALLING EDGE ONLY

i PR _— . . C e e v e+ 2 et Ao e
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PDS i226-1 thru -505 88.1 ft D, Ringsail Parachule
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PART NO,; PDS 1221

TITLE: Parachute, 88,1 Ft Do Ringeail
NO. GORES: 72

TYPE OF REEFING: Radial

S J——— . ——
i~ R g

ITEM MATERIAL
m s R — E

VENT LINES 400 Lb Nyloa Cord

VENT BAND(S each) | 900 L Nylom Tape, 1.0 Wide

AING NUMBER ozivnt ) [P LB S e
3,25 90 (b, <) .62
2,25 30 (e, @) .62
&2 90 (c, o)
L1 90 {c, )
L 90 tc. o

1 90 (¢, «)
Ll Noas

L1

z®

a i

7Y

None
o Nose

W : Nons
Noss

Nose

® @ e w e e s v W =

L1
[} L1

 VERTICAL TAPE Home

SRS RN RN

SKIRT BAND | $00 Lb Nylen Webbing, ,Sb Wide

_RADIALS {2 EACH) | 200 Lb Nylon Tape, 1,06 Wide

{a) TAIPLE.SELVAGE CLOTN (c) LEADING AND TRAILING EDGE
N LEADING w ONLY (¥) TRAILING EDGE ONLY
{ CIRCUMFERENTIAL K
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PART NO,: PDS 1226.501
E TITLE: Parachute, 88,1 Ft Do Ringsail
NO, GORES: 72

TYPE OF REEFING: Radial

ITEM MATERIAL

§ VENT LINES 550 Lb Nylon Cozd
VENT BAND (3 each) 900 Lb l;lylon Tape, 1.0 Wida
! CLOTH WEIGHT TAPE
; RING NUMBER OZ/YD? (a) P, LB WIDTH, IN,
f 1 2,25 90 (b, e) 62
. 2 2,25 90 (c, ¢) .62
3. 2,25 90 (c, e .62
4 L | st @ .62
5 L1 90 (d, e) .62
6 L1 90 (d, e) .62
7 L1 None None
8 L1 . None None
9 11 None _ None
10 L1 None None
1 1.1 None None
12 : L1 None None
VERTICAL TAPE None
: SKIRT BAND 500 Lb Nylon Webbing, .56 Wide
RADIALS (2 EACH) 200 Lb Nylon Tape, 1,06 Wide
SUSPENSION LINES 400 Lb Nylcen Cord

{a) TRIPLE.SELVAGE CLOTH (c) LEADING AND TRAILING EDGE

(b} LEADING EDGE ONLY (d} TRAILING FDGE ONLY
(e) CIRCUMFERENTIAL REINFORCEMENT

226




PART NO,: PDEj226.%63 EERE AR 8 \ Tl
TITLE: Parachute, 86,1 Ft Do Ringsait . .~ o o = o _— '_ f ".": :"‘4;;'11.‘_':;;;

_______

TYPE OF REEFING: Radial D T REGR

ITEM : MATERIAL S RS

~ VENT LINES | 550 Lb Nylen Cord o IR

VENT BAND(3 each) | 900 Lb Nylon Tape, 1.0 Wide
) - TH WEIGHT -
0Z/Y¥D? (a) P, LB

TAPE SR
WIDTH, IN, X

RING NUMBER -

Sy 2,25 90 (b, ) 62 .
; n2s p e0le, e | 62
: 2,25 (e, ek | u62 | :

l‘l ’ 7 90 (9. Q) :' ‘;"62 f ) o ‘\ N
W1 9od, e | .62 of

7S “90 (d, e} BT TR B
L1 ‘ None - » None
1.1 . .None , “‘None

1.1 | . None None

@ e W B B ke e ow

ol
(-4

.1 None None

Ly None None

[ d
[

12 1.1 None None

VERTICAL TAPE Nons

SKIRT BAND 500 Lb Nylon Webbing, .56 Wide

RADIALS (2 EACH) 200 Lb Nylon Tape, 1.06 Wide

SUSPENSION LINES | 400 Lb Nylon Cord

(a) TRIPLE.SELVAGE CLOTH (¢) LEADING AND TRAILING EDGE

(b) LEADING ERGE ONLY {d) TRAILING EDGE ONLY
© {¢} CIRCUMFERENTIAL REINFORCEMENT




é N PART NO,: PDS 1226-505 - \
E . ) o~ - “FITLE: Parachute, 88,1 Ft Do Ringuil ; ! |
| S " NO. GORES: 72 o |
| _ TYPE OF REEFING: Radial
RGNS =Ss |
i ) ITEM " 'MATERIAL 1 ‘ '
. RN ynﬁ'r LINES 550 Lb Nylon Cord C '
| vENT BAND(3 cact) | 900 Lb Nylon Tape, 1.0 Wide : !
A S AL CIOTH WEIGHT TABE v
RO _RING NUMBER 0z/YD? (a) Py LB WIDTH, 1IN, | .
I S S 225 | e | 62
_ R 2.25 » 90 (e, o) 62
h . 3 2,25 90 {c, ) 62
\ | I 4 ~ L1 | st e 62 -
. - 5 . L1 : 90(d, o . 62 .
SN .‘»‘6_” B | 90(d, &) | .62 1, |
e 7 L1 None None
g 3 : 1.1 . None None
- 9 - | 1.1 i None, _ None | '
- T 10 - | L1 : None None | ,
~.on o | L1 ‘ None - None,
R 12 i.1 Nope . None
T '_'\ B - 1 : : ‘ '
VERTICAL TAPE | None !
sxm'r BAND 500 Lb Nylon Webbing, ,56 Wide , ’ |
RADIALS (2 EAcm 200 Lb Nylon Tape, 1,06 Wide C | '
SUSPENSION LINES | 400 Lb Nylon Cord
- (a) TRIPLE-SELVAGE CLOTH (c) LEADING AND TRAILING EDGE
(b) LEADING EDGE ONLY :(d) TRAILING EDGE ONLY :
; T : © (o) CIRCUV("ERENTML RLII\'FORCEMLI\T
| | | .
228 ! ' ,
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PDS 1543-1,' 535 and .-553 '88. 1 and 85. 6 £ D, Ringsail Parachute



PART NO,: PDS 1543-1
TITLE: Parachute Assy., 88.1 Ft D, Ringsail
NO, GORES: 72
TY!sE OF REEFING: Radial
ITEM MATERIAL
VENT LINES 550 Lb, Nylon Cord
VENT BAND 4000 Lb, Nylon Webbing, 1,0 Wide
CLOTH WEIGHT TARE
RING NUMBER 0Z/YD? (a) B, LB WIDTH, IN,
1 2,25 200(b) 1,06
2 2.25 200(c) 1,06
3 2.25 ' 200(c) 1,06
4 1.1 200(c) 1,06
5 1.1 200(q) 1.06
6 1.1 90(d) .62
7 1.1 90(d) .62
, 8 .1 90(d) 62
| 9 1.1 None None
10 1.1 None None
11 1.1 None None
12 L1 None None
VERTICAL TAPE 90 Lb, Nylon Tane, ,62 Wide (c)
300 Lb, Nylon Tape, 1,0 Wide
SKIRT BAND 500 Lb, Nylog Webbing, 56 Wida
RADIALS (2 EACH) 1300 Lb, Nylop Tape, 1,0 Wide
SUSPENSION LINZIS {3350 1h, Nylon Cord

(a) TRIPLE-SELVAGE CLOTH (¢} LEADING AND TRAILING EDGE
(b) LEADING ZDGE ONLY {d) TRAILING EDGE QNLY
(o) NO, 1 THRU NO, 5 SAlL, DOUBLED,
CENTER OF GORQE




PART NO.: PDS 1543- 535
TITLE: Parachute Assy., 88.1 Ft D, Ringsail
NO, GORES: 72
TYPE OF REEFING: Radial
- ITEM ‘ MATERIAL
VENT LINES 550 Lb. Nylon Coxrd
VENT BAND 4000 Lb, Nylon Webbing, 1.0 Wide
LOTH WEIGHT TAPE
RING NUMBER 0z/¥D*(a) [P, LB WIDiH, IN, |
1 2.25 200(b) -1.06
2 2.25 200(c) 1.06
3 2.25% 200(c) 1.06
¢ 1.1 200(c) 1.06
5 l.1 200{d) 1,06
6 1.1 90(d) .62
7 1.1 90(d) +62
] 1.1 90(d) .62
9 1.1 None None
10 1,1 None None
u 11 None None
12 i1 None None
VERTICAL TAPE 90 Lb, Nylon Tape, .62 Wide (e)
SKIRT BAND 300 Lb, h!ylon Tape, 1.0 \:ide
RADIALS (2 EACH) | 1390 Lb. Nvlon Tape. 1.0 Wide
SUSPENSION LINES 550 Lb, Nylon Cozd
(s) TRIPLE.SELVAGE CLOTH {¢) LEADINC AND TRAILING EDGE
(b) LEADING EDGE ONLY (d) TRAILING EDGE ONLY

(s) NO. | THRU NO, 12SAlL, DOUBLED,
CENTER OF GORE




j PART NO,: PDS 1543 - 553
TITLE: Parachute Assy., 85.6 Ft D, Ringuil
NO, GORES: 68
TYPE OF REEFING: Radial
ITEM MATERIAL
{ VENT LINES 550 Lb, Nylon Cord
VENT BAND 4000 Lb, Nylon Webbing, 1.0 Wide '
CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) P, LB WIDTH, IN,
1 2.25 200(b) 1,06
[ 2.25 200(c) 1.06
3 2,25 200(c) 1.06
4 1.1 200(c) 1,06
5 1.1 200(d) 1.06
300/300(t) 1,00/1,00
6 L1 90(d) .62
T L1 90(d) .62
8 1.1 90(d) .62
9 1.1 None None
10 1.1 None None
) ¥ 1.1 None None
12 1,1 None None
VERTICAL TAPE 90 Lb. Nylon Tape, .62 Wide (o)
300 Lb. Nylon Tape, 1,0 Wide
SKIRT BAND 500 Lb, Nylon Webding, .56 Wide
RADIALS (2 EACH) 300 Lb, Nylon Tape, 1.0 Wide
SUSPENSION LINES | 550 Lb. Nylon Cord

{a) TRIPLE.SELVAGE CLOTH (e) LEADING AND TRAILING EDGE
gg)cfg:cauxﬁwg xf'ppx?EAoSkY oRC (d) TRAILING EDGE OMLY
FERENTI EINFORCE.(¢) NO, | THRU NO, 12 $AlL, DOUBLED,
MEYT59.5 & 20,0 FROM BOTTOM OF riniipn OF GORE
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PART NO,: PDS 1543.521
» TITLE: Parachute Assy., 88,1 Ft D, Ringsail
NO. GORES: 72
: TYPE OF REEFINC: Radial
1, . 1""- . -
y : ITEM MATERIAL
4 %
4 3 VENT LINES 550 Lb. Nylon Cord
3 .
3 VENT BAND 4000 Lb, Nylon Wehbing, 1.0 Wide
' CLOTH WELIGHT ' TAPE
RING NUMBER 0Z/¥YD? (a) B, LD WIDTH, IN.
1 2.25 200(b) 1,06
2 2.25 200(<) 1.06
©g 4 1.1 200{c) 1.06
5(35% Romoved] 1.1 300(d, ) 1,00
3 " Top) 300¢¢, g) 1,00
* S ] 1.1 90{d) - .62
S 8 L 1 s .62
¢ ‘ ? N  None  None
. , 10 : 1.1 7 -} Nene None
"o ' Wt Nene . |  None
: 12 1.1 ~ None Wone
g
VERTICAL TAPE 190 th. Nyton Tape, .62 Wide () ]
. o 300 Lb. iylon Tage, 1.0 Wide
SKIRT BAND 1800 gy, tietan Wobtino, 86 wide
RADIALS (2 EACH) {300 Lb. Nelon Tape 1.0 Wids
SUSPENSION LINES | 530 1h, wetan Copd

_ o o {g) 6.3 INCHES DOWN FROM TOP OF RING §-
{a) TRIPLE.SELVAGE CLOTH ie) LEADING AND TRALLING EDGE
{b) LEADING EDGY ONLY _ () TUAILING LDGE ONLY

meut - CENTER OF GORE




PART NO,:

PDS 1543. 523

TITLE: Parachuse Assy., 88.1 Ft D, Ringeail

(3) TRIPLE.SELVAGE CLOTH
{3 LEADING EDGE ORLY

@ gpgyareiaie

NO, GORES: 72
TYPE OF REEFING: Radial
- x'r;;\__g — _ u&rsmu
VENT LINES 550 Lb.- Nﬂbn Cord
VENT BAND _ 42% 1& Nx&!g“ \;ebbmg. 1.0 wm?r -
RING NUMBER 02/¥D* (a) Pp, LB WIDiH, IN,
] 2.35 200{b) 1,06
2 2.2 200(c) 1.06
3 2,25 200(c) 1.06
4 bt 200{c) 1.06
(5% Removed] 1.2 300(4, f) 1,00
Top) ‘ 200(f, x) 1,00
6 1.1 $0(d) 62
] L1 sotd) 62
'y W) S0(d) Y
" 11 None Nooe
0 e Hone Hons
38 .1 Hoae None
1 .1 Nons Nous
VERTICAL TABE | 90 LS. Nylon Tape, .62 Wide (a)
SXIRT BAND :go Ly, Nylon Tape, 1.0 Wide
RADIALS (2 EACH) 300 tb, Nvion Tape. 1.0 Wide .
SUSPENSION LINES §$50 Lv, Svion Cord

ig) 6. Y INCHES DOWN FROM TOP OF RING §
{e) LEADING AND TRAILING EOGE

m TRAILING £ZDGE ONL7

CE{e) NO, 1 THRY NO, $ SAIL, DOUBLED,
cmrm OF GORE
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PART NO.: PDS 1543- 529
R ' TITLE: Parachute Aesy., 88.1 Ft D, Ringsail
~ 3 NO, GORES: 172 E |

3 | TYPE OF REEFING: Radial

ITEM __MATERIAL

VENT LINES §50 Lh. Nylon Cord

f 1 VENT BAND | 4000 Lb, Nylon Wabbing, 1.0 Wide
B : — “CILOTH WEIGHT " TAPE
v . |wmmNonumeer ¢ | 0z/vrf ) B, LB | WibiH, IV

2.25 200(b) .06

2.25 200(%) .66
. 300{d, ) t,00
- 2.2 200(b) 1.06
| : 300¢d, ) 1.00
1.04
1.00
1,00

' ,, ' 3004, 0) .
' s ] wsan .
R 90td.0) .62
RN 04,0 62
SR ogoan .62

NI $0(9, ) .62
wo o] osee | e
| T . 904, e
“®w 1.1 ' wwo | b2

C @ 0o . « e @ b v ¥ -

2
-
[

_VERTICAL TAPE | 90 Lb. Bylon Tape, &2 Wice te)
300 LY, Nylos Tape, 1.0 Wide
00 Lh. Nylop Wabhine. 84 wi

{ sxinr ANy

| mADIALS g EacH Tago s

SUSPENSION LINES | <50 gy

! ) 1m-msswxm: CLOTH {e) LEADIIG SND TRAILING EDGE
: W) LEADING ZDGE ONLY {€) TRAILING TOLE ONLY
mcmcuumamub RENFORCE{e) NO, ! THRU HO, $ SAIL, DOUBLED,
MENT CENTER OF GORE
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PART NO,: PDS 1543. 531
TITLE: Parachute Assy,, 88,1 Ft D, Ringsail
NO, GORES: 172
TYPE OF REEFING: Radial
ITEM MATERIAL
VENT LINES 550 Lb, Nylon Cord
VENT BAND 4000 Lb. Nylon Webbing, 1.0 Wide
TH WEIGHT TAPE
RING NUMBER 02/¥YD? (a) P,, LB WIiliiH, IN.
} 2.25 200(d) 1,06
e 2.5 200(h) 1.06
300{d, f) 1.00
3 2.2% 200(0) 1,06
. 300(d, £) 1.00
4 .1 200(b) 1,66
s 1.1 300{d, 1) 1,09
& t.1 300(d, £} 1.80
? 1.4 9044, ). W62
s i 9oia,8) .62
9 i.1 $0(d, 1) 62
0 T 90{d, £) b2
Y] 9| 9014, f) 62
1" 11 90(4,0) .62
» N N - o ..
VERTICAL TADE | 90 Lb. My.on Tape, .52 Wide (0
E !0&1.5 hyion‘ra,n. lu\ﬁm
SKIRT BAND 4% ’ —
_RADIALS (2 EACH) {100 1b, Nvlon Taoe. 1.0 Wide
EUsPZIRSION LINES |3s0.Lb, Mylon Gord

(3) TRIPLE.SELVAGE CLOTH
(") LEADING LDGE ONLY

{¢) LEADING AND TRAILING EDGE
{8) TRAILING EDGE ONLY

m uucunrumm an.mcs. {¢) NO, 1 THRU NO, S SAlL, msu:n.

-
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CENTER OF GORE
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PART NO,: PDS 1543.543
’ TITLE: Parachute Assy., 88,1 Ft D, Ringsail
NO, GORES: 72
TYPE OF REEFING: Radial
ITEM MATERIAL
VENT LINES 550 Lb, Nylon Cord
VENT BAND 4000 Lb, Nylon Webbing, 1,0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a) B, LB WIDiH, IN,
1 2.25 200(b) 1,06
2 2.25 200(b) 1.06
300(d, f) 1,00
3 - 2,25 200(b) . 1,06
300(d, £) 1,00
4 1.1 200(b) 1,06
300(d, f) 1,00
5 1.1 300(d, f) 1.00
6 1.1 90(d, f) .62
7 1.1 90(d, £) .62
8 1,1 96(d, f) .62
9 1.1 90(d, f) .62
10 ‘1.1 _ 90(d, f) .62
11 L1 90(q, ) .62
12 .1 - 90(d, f) .62
VERTICAL TAPE 90 Lb, Nylon Tape, .62 Wide (e)
300 Lb, Nylon Tape, 1,0 Wide
SKIRT BAND 500 Lb, Nylon Webbing, .56 \Wide
RADIALS (2 EACH) {300 Lbh, Nylon Tape, 1.0 Wide.
SUSPENSION LINES {3550 Lb, Nvlon Cord

(a) TRIPLE.SELVAGE CLOTH (¢) LEADING AND TRAILING EDGE

(k) LEADING 5DGE ONLY (d) TRAILING EDGE ONLY

() rﬁgggm‘nmmm REINFORCE-(¢) NO, 1 THRU NO.12 SAIL, DOUBLED,
CENTER OF GORE
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PART NO,:

NO. GORES: 172

PDS 1543. 525

TITLE: -Parachute Assy,, 88.1 Ft D, Ringsail - K

! :

TYPE OF REEFING: Radial

ITEM

MATERIAL

“VENT LINES

550 Lb. Nylon Cord

.| VENT BAND

4000 Lb. Nylon Webbing, 1,0 Wide

CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) P., LB WIDTH, IN,
o 2.25 200(b) ' 1,06
2 2.25 200(c) 1.06
3 2.25 2000) - 1,06
4 1.1'. 200(c) l.Ol6
5(50% Removed,| - 1.1 -300(d,8) |  1.00
Top) - o :
‘ i.1 30{d) . .62
7 l;lj 90(@) | 62
8 11 Cgo) | .62
9 Ll None ' None ;'
10 1.1 | None f{one
tl .1 None | Noﬁe
12 1.1 Ném_e None '

VERTICAL TAPE

90 Lb, Nylen Tape, .62 Wide (e)

SKIRT BAND

300 Lb, Nylon Tape, 1.0 Wide
500 Lb, Nylon Webbing, .36 Wide

RADIALS {2 EACH)

SUSPENSION LINES

300 Lb, Nylon Tape.. 1.0 Wide,

£50 1,b, Nylan Cord

(a) TRIPLE.-SELVAGY CLOTH

{b) LEADING SDGE ONLY
(f) CIRCUMFERENTIAL

- MENT

CENTER OF GORE

1

242

{¢) LEADING AND TRAILING EDGE
. {d) TRAILING EDGE ONLY
b REINFORCE-{s) NO, | THRU NO, 5 SAIL, DOUBLED,




“ PART NO,: PDS 1543533 ' o _ ;
TITLE: Parachute Assy., 88.1 :Ft D, l!unguﬁ :
NO, GORES: 72 |
| TYPE OF REEFING: Radial |
___mmEM . MATERIAL
VENT L;me 550 Lb. Nylon Cord
YENT BAND 14000 Lb, Nylon Webbin&. 1.0 Wide
| ! WEIGHT TAPE
RING NUMBER c>zm>a (a) —F,, LB WIDTH, IN, |
| )} | ! . 2,25 "l - 200(b) 110@
2 oz | 2000 1,06
s 2.5 | 200) | . 1,08,
. : o 2000) 1.06 |
' 5(50% Removed,| 1.1 ' 300(d, ) 1,00
Top) ’ Co '
| ' : 1.1 L 90(d) .62,
B | Ly . 90(d) .62 ;
! s L1 | o0t .62
| 9 ' i'l‘ ! ,  None . ‘None
’ 10 Ry : None | None
R 11 ‘ ‘ 1.1 - None. | - None :
: ‘12' ; 1.} ! None : None
. - C
VERTICAL TAPE |90 Lb. Nylon Tape, .62 Wide (o) :
' N ' ]300 Lb. Nylon Tape, 1.0 Wide f
. |SKIRT BAND 500 Lb. Nylon Wébbing. .56 Wide | ,
RADIALS (2 'EACH) ~1300 Lb, Nylog x?” 1.0 Wide . ! ! |
S sﬁsgmsxonl: LINES | 550 gvlon Cox J

I
{a) 'rmpx.,r..sz LVAGE cx.o'm (¢) LEADING AND TRAILING EDGE
(b) LEADING EDGE ONLY (d) TRAILING EDGE ONLY
0 ;ﬁg UMFERENTIAL REINFORCE- (e} :NO. 1 THRU NO, 58AIL, DOUBLED.
CENTER OF GORE

v ! l \ , f
H .




T L Pt R
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PART NO,:

TITLE: Parachute Assy., 85.6 Ft D, Ringsail

NO, GORES: 68

PDS 1543 - 539

TYPE OF REEFING: Radial
ITEM MATERIAL
VENT LINES 5§50 Lb. Nylon Cord
VENT BAND 4000 Lb, Nylon Webbing, 1,0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) B, Lb WIDTH, IN,
1 2.25 200(b) 1,06
2 2.25 200(c) 1,06
3 2.25 20C(c) 1.06
4 L1 200(c) 1.06
5 (50% Removed! 1,1 300(d, £) 1.00
Top)
6 1,1 90(d) .62
1 1.1 90(d) .62
8 1.1 90(d) .62
9 1.1 None None
10 L1 None None
1! 1.1 None None
12 1.1 None None

VERTICAL TAPE

90 Lb. Nylon Tape,

62 Wide (e)

300 Lb, Nylon Tape, 1,0 Wide
SKIRT BAND 500 Lb, Nylon Webbing, .56 Wide
RADIALS (2 EACH) 300 Lb, Nylon Tape, 1.0 Wide

SUSPENSION LINES

550 Lb, Nylon Cord

(a) TRIPLE.SELVAGE CLOTH
(bj LEADING EDGE ONLY

({) CIRCUMFERENTIAL REINFORCEMENT (o) gO. V THRU NO, 5 SALl,

244

OUBLED, CENTER OF

{e) LEADING AND TRAILING EDGE
{(¢) TRAILING EDGE ONLY

'GORE




PART NO.: PDS 1543. 551
. TITLE: Parachute Assy., 88.1 Ft D, Ringsail
R
. NO, GORES: 72
TYPE OF REEFING: Radial
;.
- ITEM MATERIAL
. VENT LINES 550 Lb. Nylon Cord
B VENT BAND 4000 Lb, Nylon Webbing, 1,0 Wide
. CLOTH WEIGHT TAPE
) ( j RING NUMBER 02/YD? (a) B., LB WIDTH, IN,
1 2.25 200(b) 1,06
2 2.25 200(c) 1,06
- 3 2.25 200(c) 1,06
E : 4 1.1 200(c) 1,06
. 5(50% Removed, 1.1 300(d, £) 1,00
B | Top)
- 6 1.1 90(d) .62
' 1 11 90(d) . .62 .
: 8 L1 90() .62
“’ 9 1.1 None None 3
3
. { 10 t.1 None None
11 L1 None None
3 .
- B 12 1.1 None . None
.
VERTICAL TAPE 90 Lb, Nylon Tape, .62 Wide (e}
3 300 Lb, Nylon Tape, 1,0 Wide
3 SKIRT BAND 509 Lb, Nylon Webbing, .56 \ide
RADIALS (2 EACH) 1300 Lb, Nylon Tape. 1.0 Wide.
E
SUSPENSION LINES | 550 Lh, Nylon Cord
(3) TRIPLE-SELVAGE CLOTH  (c) LEADING AND TRAILING EDGE
{b) LEADING EDGE ONLY {d) TRAILING EDGE ONLY
(f) CIRCUMFERENTIAL REINFORCE{e) NO, | TKRU NO, § SAIL, DOUBLED,
MENT CENTER OF GORE

2 ":'.u V! &
N R IR U TTL T T




j 0
—<jf~— 1,85 AT Qe 55 1 a5 .5
I ) SEAM € S ——
T s
36,0 [5.0 SAIL1 Note: v
prom— - 4 m——
4240 i ' A Eff. suspension 7 i —n
‘ . line ratio = 1,4 Dy S —
l 4.0 SAIL 2 ' Ho—— A
- . o b : t
T nl h_ = 531,75
42.‘0 \ R e —
! i 30 | 1saIL 3 025 1 e m———
1 L et —
42,0 ~ ——
i SAIL 4 2
| { | SAIL 5 A la " s
| 45,0 OMITTED 5
- { [ -
| ‘ a =
)
i 42,0 L
| SAIL 6 >
~T G
‘ ¥
; 42,0 fu
SATL 7 m
i e :
: 42,0 &
I - SAIL 8 2
' /
k- 42,0
i I SAIL 9
: = eobetiumpunl W ——n
{ 42,0
f I SAIL 10
42,0
SATL 11
— e I T ] e
42,0 - ; ) e R
' *J SAIL 1&g l.ﬂi ::Tt-f-‘f;{:'-r-’_*:“-‘
‘} 0 10
, SEAM - Jla—- e = G, SEAM . _
¢ 44.94 g ¢ FULLNESS DISTRIBUTICN
0
GORE PATTHRN )
Figure 91, Gore Pattern ard Fullness Distribution,
i PDS 1543-547 88,1 {t D, Ringsail Parachute
I R
| 246
|
|




PART NO,: PDS 1543. 547
TITLE: Parachute Assy., $8.1 Ft D, Ringsail
NO, GORES: 72
TYPE OF REEFING: Radial
ITEM MATERIAL,
VENT LINES 550 Lb, Nylon Cord
VYENT BAND 4000 Lb, Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) B, LB WIDTH, IN.
1 2.25 200(b) 1.06
2 2.2 . 200(c) 1.06
3 .25 200(c) 1.06
T 4 L.1 200(c) 1.06
! 5{100% Removed None None None
6 .1 90(d) .62
7 l.1 90(d) .62
3 l.1 _ 90(d) , 62
n 9 1.1 None None
' 10 1.1 None None
f 11 1.1 None None
; 12 1.1 None None
; VERTICAL TAPE | 90 Lb, Nylon Tape, .62 Wide_(e)
; 300 Lb, Nylon 1nps, 1.0 Wide
¢ SKIRT BAND 500 Lh, Nyloa Webhing, .56 Wide
RADIALS (2 EACH) 1300 15, Nvlos Tape.. 1.0 Wide
% SUSPENSION LINES
‘ {a) TRIPLE.SELVAGE GLOTH  (c) LEADING AND TRAILING EDGE
() LEADING EDOE ONLY {d) TRAILING EDGE ONLY
(e} NO, | THRU NO, 4 SAIL, DOUBLED,
CENTER CF GORR
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PART NO.: PDS 1543 . 555
| TITLE: Parachute Assy., 85.6 Ft D, Ringsail
NO, GORES: 68
TYPE OF REEFING: Radial
—
ITEM MATERIAL
VENT LINES 5§50 Lb. Nylon Cord
YENT BAND 4000 Lb, Nylon Weubing, 1.0 Wide
“GILOTH WEIGHT TAPE
RING NUMBER 0z/YD* (a) B,, LB WIDTH, IN,
1 2.25 200(b) 1.06
: 2.25 200(8) 1.06
3 2.2 200{c) 1.06
4 1.1 200(c) 1.06
5 (75% Removed] 1.1 300(d, ) 1.00
Top)
6 L.l 90(d) .62
T 1.1 90(4d) .62
] L1 None Nonw
10 : l.1 Nons _ Nons
it 1.1 Noue None
12 1.1 None Non¢
VERTICAL TAPE |90 Lb. Nylon Tape, .62 Wide (e)
ST Ny lon Tepy, 1.0 wide
SKIRT BAND {500 Lb, Nylon Webbing, .56 Wide
RADIALS {2 EACH) 300 Lb, Nylon Tape, i.0 Wide
SUSPENSION LINES |550 Lb. Nylon Cord

(s) TRIPLE.SELVAGE CLOTH {c) LEADING AND TRAILING EDGE
(&) LEADING EDGE ONLY {¢) TRAILING EDGE ONLY

~(f) CIRCUMFERENTIAL REINFO.'!CBUENT (o) M). 1 THRU NO, $ SAIL,
UDLED. CENTER OF GORE
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PART NO,: PDS 1544-1 .

... |1 Paiachute, ‘88,1 Ft Dg Ringeatt
NO, GORES: 72
l | .
. ' TYPE OF REEFING: ; Radial
; N
: TEM . MATERIAL
_VENT LINES 550 Lb Nylon Cord
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
' ‘ | s CIOTH WEIGHT ~ TAPE
RING NUMDER _ 02/¥D {a) P, LD “WiDTH, 1,
- Cnes 90(b, £, g) | .62
2 225 90, £, g) | .62
. 301 R 90, f, g) | .62
4 1 : 90 (c, 1, g .62
) 1.1 : 90 (4, 1, g) .62
¢ Ly 90 (d, 0) .62
7 Ly 90 (4, 1) .62
’ B | 1.1 T 904, 0 L he
. 9 1.1 : None None
10 1.1 a None Héa#‘
‘1 .y None ' None
C e | 11 ' Nowe  Nane
VERTICALTAPE |MNore
; o 525 Lb Nylon Tape, 1,0 Wide
SKIRT DAND 1| 500 Lb Nylon Webbie 86 Wids
‘ I 200 Lb Rylon Tape, 1,06 Wide {e)
; RADIALS (2 EACK) ] 200 £b Nylon Tage, 1,06 Wide
SUSPENSION LINES | 550 Lb Nylon Cord

(g} DOURLED —
(3) TRIPLE.SELVAGE CLOTH  {c) LEADING AND TRAILING EDGE

(%) LEADING EDGE ONLY {8) TRAILING EDGE ONLY
: {0 CIRCUMFERENTIAL REIN- (e} ONE REQUIRED PER RADIAL SEAM.
§ FORCEMENT - _DOUDLED & SEWN AS-A RADIAL REINF,




PART NO,: PDS 1544-501
TITLE: Parachute, 88,1 Ft Dy Ringsail
NO, GORES: 72
TYPE OF REEFING: Radial
ITEM , MATERIAL
VENT LINES 550 Lb Nyloun f‘xrd
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
' CLOTH WEIGHT TAPE
RING NUMBER oz/¥p*a) TP TH WIDTH, TN,
1 2,25 9 (s, f g) 62
2 2, 25 30 {c, £ gi .62
4 1.y 99 {e. 4, g} ¥
5 I S LU CNE AR N+
6 T 904, 9 R
? T I 3 {d, 9 N
8 i Ly | owewn o d s
9 I BN ) Nose Kaue
T _ L . W " - Hone
, : ' - . | B
13 1.3 Mz - 4 None
@ B T T Hang ‘ Hane
VERTICAL TAPE T 99 1h Byles Tape b _
A ’ 5345 3.5 Myths £ A, 1.8 “Wise
SKIRT QARD | 290 1 Nelos me’tﬂhg. LR Wiede
200 Q—;b \“*zn Tape, . )78 “’nﬁi’—ftﬁ
- RADIALS i2 Sn.’\("*i) 388 LY Hylen Tape, 1,06 Wide
SUSPENSION LINES | +50 Lb Wylas {agat
{a) DOURLES {9 CHRPOIMYERENTIAL RNINPORCENENT
() TRIPLM.SELVAGE CLOTH {e] LEAUIRG AND TRMUIRG KDGE
{b) LY¥ADING LINGE ONLN ) TRAILIRG RO0E ONLY
(h} NO. §THRY RO, $ Salt, (v ONE REDWRTD PER RADIAL SEAM,

DOURLED, TERTER OF (’()R!-‘ DOURLED & SEWH AS A RADIAL {REINE
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253




PART NO,: PDS 1650-1

TITLE: Parachute, 87.1 Ft D¢ Ringsail

NO., GORES: 72

TYFE OF REEFING:

Radial

ITEM MATERIAL
VENT LINES 550 Lb Nylon Tord
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a) B, Lb WIDTH, IN,
1 2,25 200 (b) 1,06
2 2.25 200 (c) 1. 06
3 2.25 200 {c) 1, 06
4 1.1 200 ‘(c{) 1,06
5 1.1 ZOO;i(d) 1.06
6 L1 90 {d) .62
1 l‘. 1 . 90 (d) .62
8 1.1 90 {d) .62
9 .1 ’ None None
10 i1 None None
il 1.1 None None
12 1.1 ' Noiie None

VERTICAL TAPE

90 Lb Nylon Tape, .02 Wide (e)

SKIRT 3AND

500 Lh Nylon Webbiny, .56 Wide

RADIALS (2 EACH)

300 Lb Nylen Tape, 1,0 Wide

SUSPENSION LINES

550 Lh Nyton Cord

{a} TRIPLE-SELVAGE CLOTH {c) LEADING AND TRALLING EDGE
{v) LEADING EDGE ONLY td) TRAILING EIXGE ONLY

{¢} NO, 1 THRU NO, 5 §AllL, DOUBILED,
CENTER OF GORL

2h
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PART NO,: PDS 1650-501

TITLE: Parachute, 87.1 Ft D, Ringsail

NO, GORES: 72

TYPE OF REEFING: Radial
ITEM MATERIAL
YENT LINES 550 1b Nylon Cord
VENT BAND 4090 Lb Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a} B, Lb WIDTH, IN,
H 2.25 200 {b) 106
2 2,25 200 (c) 1,06
3 2,25 200 (c) 1,06
4 t.1 200 (c) 1,06
5 L1 200 (d) 1,06
) L1 90 (d) .62
7 1.1 90 (d) - .62
8 1.1 - 90 (d) .62
9 1.1 None None
10 1.1 None None
I It Noane None
12 1.1 None None

VER™ICAL, TAPE

90 Lb Nyloa Tape, .62 Wide (e)

SKIRT BAND

500 Lb Nylon

Webbing, .56 Wide

RADIALS (2 EACH)

300 Lb Nylon

Tape, 1.0 Wide

SUSPENSION LINES

550 Lb Nylon Cord

{3} TRIPLE.SELVAGE CLOTH
{(b) LEADING EDGE ONLY

{c) LEADING AND TRAILING EDGE
(d) TRAILING EDGE ONLY
{e} NO. ! THRU NO, 12 SAIL, DOUBLED,

CENTER OF GORE
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PART NO,: PDS202l-1 -
 TITLE:  Parachute, 88,1 Ft Do Ringsail ,
NO, GORES: ' 72 ‘ L
‘TYPE OF REEFING:  Radial
arteEm | . MATERIAL
‘VENT LINES 550 Lb Nylon Cord
| VENT BAND(3 eachj | 900 Lb Nylon Tape, 1.0 Wide
— — 1 CLOTH WEIGHT TADE
RING NUMBER 0z /YD (a) B, LB WIDTH, IN.
ER V2,28 90 (b, e) .62
: 2 2,25 90 (< ©) .62
b ] 2,25 : - 90 (c, o) | | .62
. ! oL 90(e o) | L6z
8 1 90 {d, &) L6z
6 | L1 90 (dy &' | .62
g 7 ' : ‘ L1 : None None
T i [ ; ! | 1,1 Nox;e None
§ . ! 9 ‘ _ !.'l ) ﬁone :None
’ o 10, _ ’ ; RTE o " None None
‘ K ', 1§ | | l.i ' None | | None
f’ | 12 - ,. . " L1 1 None " None
( -
i ' | VERTICAL TAPE None ! !
' SKIRT BAND | 500 Lb Nylon Webbing, . 56 Wide
' ' | RADIALS (2 EACH) | 200 Lb Nylon Tape, 1,06 Wide
SUSPENSION LINES | 400 Li> Nylon Cord '

1 ) . '
(a) TRIPLE.SELVAGE CLOTH ' (¢} LEALING AND TRAILING EDGE

(b) LEADING EDGE ONLY ! éd) TRAILING EDGE ONLY
‘ ¢) CIRCUMFERENTIAL REINFORCEMENT
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PART NO,: PDS 2071-1
TITLE: Parachute, 88,1 Ft Dy Ringsail
NO. GOREs: 72
[ TYPE OF REEFING: Radial
ITEM MATERIAL
VENT LISIES 550 Lb Nylon'Cord
VENT BAND 4000 Lb Nylon Wetbing, 1,0 Wide
. CLOTH WEIGHT TAPE
! RING NUMBER 0z/YD? (a) B, LB WIDTH, IN,
1 2,25 200 (b) .1.06
2 2.25 200 {¢) 1,06
3 2,25 200 (<) 1,06
4 L1 200 (c) 1. 06
5 1.1 200 {d) 1,06
6 11 90 (d) . 62
7 11 90 {d) .62
8 1.1 90 (d) .62
9 1,1 None None
10 i1 None None
3} 1.1 None None
12 1.1 None None
VERTICAL TAPE 90 Lb Nylon Tape, .62 Wide (e)
SKKIRT BAND 300 Lb Nylon Tape, 1,0 Wide
RADIALS (2 EACH) 300 Lb Nylon Tape, 1,0 Wide 1
SUSPENSICN LINES 1550 Lb Nylon Cord

(a} TRIPLE.SELVAGH CLOTH {¢} LEADING AND TRALLING EDGE

(b) LEADING EDGE ONLY (d} TRAILING EDGI ONLY
(¢} NO. | THRU N, 7 SAiL, DOUBLED,
CENTER OF GORE
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PART NO,: PDS 2072-1

TITLE: Parachute, 87,9 Ft Dy Conical Ring/Solid

NO, GORES: 72

TYPE OF REEFING: Radial
ITEM MATERIAL

VENT LINES 550 Lb Nylon Cord.

VENT BAND 4000 Lb Nylon Webbing;l. 0 Wide

CLOTH WEIGHT TAPE

RING NUMBER 0Z/YD? (a) P., LD WIDTH, IN.
1 (Panel) 2,25 None None
2 (Panel) 2.25 None None
3 (Panel) 2.25 None None
4 (Panel) 2,25 None None
5 (Panel) L1 None None
6 (Panel) . L1 None None
| G Y 1.1 90 {(d) .62
2 | : | ] 90 (d) .62
3 L1 None None
4 L1 None None
5 L1 None None

, 6 L1 None None

VERTICAL. TAPE None

SKIRT BAND 900 Lh Nylon Tape, 1.0 Wide

RADIALS (2 EACH) | 300 Lb Nylon Tape, 1,0 Wide )

SUSPENSION LINES | 5%0 Lb Nylon Cord

(3) TRIPLE.SELVACE CIOTH {c) LEADING AND TRAILING EDGE
{b) LEADING EDGE ONLY {d) TRAILING EDGE ONLY
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PART NO,:  PDS 3120-1

TITLE:  Parachute, 88.3 Ft D, Ringsail
NO. GORES: 72 -
TYPE OF REEFING:  Radial (Pocket Bands)
ITEM MATERIAL
VENT LINES 550 Lb Nylon Cord
VENT BAND ﬂ)ﬂ? b Nylon “_I‘ebbing, 1.0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a) B, LB WIDTH, IN,
1 2.25 200 (b) 1,06
2,3, 4 2,24 200 (<) 1,06
5 L1 200 {c) 1. 06
§ .1 200 {d) 1,06
90 {b) .62
7 1.1 96 (c) .62
8 L1 90 {(c) .62
9 L1 90 (c) .62
10 1.1 None None
1i 1.1 None None
12 1.1 None None
13 1.1 None None
14 L1 None None
VERTICAL TAPE 90 1b Nylon Tape, 1.0 Wide
SKIRT BAND 500 Lh Nylon Webbing, .56 Wide

RADIALS (2 EACH)

300 Lb Nylon Tape,

1. 0 Wide

SUSPENSION LINES

550 Lb Nylon Cord

{a}) TRIPLE.SELVAGE CLOTH

—-

{e) LEADING AND TRAILING EDGE

{b) LEADING EDGE ONLY éd) TRAILING EDGE ONLY

e} NO, | THRU NO, 14 SAIL, DOUBLED,

CENTER OF GORE
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PART NO,: R7T118.1 °
TITLE: Parachute, 88.1 Ft Do Ringeail
NO: GORES: 172 .
"TYPE OF R:EEI-‘ING: Radial
'ITEM : MATERJAL
} VENT LINES 550 Lb Nylon Cor& |
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
: CLOTH WEIGHT TAPL
RING NUMBER 0Z/YD" (a) P, LD WiDTH, N,
1 228 200 fb) 1.06
i . 2,25 200 (<) 1.06
'y 2.25 200 (o) 1.06
‘. Lt 200 {c) Lo
5 11 200 () ] L.06
6 e | e S
. | I w0 | e
. 1y w oW | e
9 _ 1.1 None ' : ~Nucw
10 1.1 None . | _None
no L | Nono - None
H 1.1 ' None Noae
‘ VERTICAL TAPE 90 Lb Nylon ‘fape, .62 Wide {e¢)
300 Lb Nylun Tape, 1,0 Wide
SKIRT BAMD 500 Lb Nylon Wobbing, .56 Wide
RADIALS (2 EACM) 1 300 Lh Nylon Taps, 1,0 Wide
SUSPENSION. LINES §550 Lb Nylon Cord

(3) TRIPLE.SELVAGE CLOTH () LEADING AND TRALLIRG EDUGR
{v} LEADING EDGE ONLY {8) TRALLING EDGE ONLY

(e} NO. Y THRE NO, $ RING, hOUBLED,
CENTER OF GORE
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PART NO,:  R7118-501

TITLE: Parachute, 88,1 Ft D, Ringsail

NG, GORES: 72

TYPE OF REEFING: Radial
ITEM | MATERIAL

VENT LINES | 550 Lb Nylon Cord

VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide

CLOTH WEIGHT TAVE

RING NUMBER 02/yD? (a}) o, LD WD, I,
1 | 2,25 200 (b) 1.06
2 2,25 200 (c) 1.06
3 ' 2,25 200 (o) 1,06
4 1.} - 200 () 1.06
5 b 200 (4) 1,06
6 I 9% {d) b2
1 1.1 90 (&) . .62
8 A (0 o (d) .62
9 | 1.1 None - None
10 B P | ' Nonw ' Nong
11 SETE D None None
e N None None

VERTICAL TAPE 190 Lb Rylon Tape, . 62»\#“}3‘\(»)‘_

100 LY Nylon Tape, 1.9 Wile

SKIRT DARD 500 Lb Nylon Webbing, |56 Wide

RADIALS (2 2ACH) | 300 LY Rylon Tase, 1.0 Wide

SUSPENSI0.. LANES | 950 Lb Nylen Cord L o

(a) TRIPLESELVAGE CLOTH (€) LEAUING AND TRALLINC EDUE
{b) LEADING EUGE ONLY 1d) TRALLING EDGE ONLY

(e} FULL GORE NEIGHT, DOUBLED,
CENTER OF GORE

A




FART NO,: R7118-503
TITLE: Parachute, 88,1 Ft D, Ringsaijl
NO, GORES: 72 |
TYPE OF REEFING: Radial and Mid.CGore
B 1 SIS MATFRtﬂ?)
VENT LiNgs | 350 Lb Nylon Coud
FENT RAND 4300 Lb Nylon Webbing, 1.0 Wide
o = ETOTH WEIGHT TABE
 RING NuMBER | 0z2/¥Pqa) TP IR 1 WibTH, N, ]
2,55 200 (v) 1,06
2 o .25 00 {e) 1.06
5 2.8 . | 0 @ | 1.0
4 | o 209 fe) | 1.08
5 1.1 200 ‘uu : 1,88
& 1 %0 (a9 .62
s N BRI Xy
I | 1.1 % (4 B
9 RN Nowe tons
10 - R 4 wome  Naws
n | ) Nose Notie
a2 t1 Nose , Noae
VERTICAL TAPE 130 ib Nylon Tape, .68 wide {e]
T80 Lh halon Tape. 1.0 Wide
SKIRT BARD $00 L Ryl Webbing, 50 Wide
JABIALS (2 EACI_ L 190 LS Tiyion Tapr, §:0 Wide
SUSPENSION LINGES | $50 36 ylon Card N
(3) TRIPLE.SELVAGE CLOTH  (e) LV VINNG AND ¥RATLING 21x

{b) LEADING ELGE ONLY (0} TRALING BKDGY ONLY
{e) NO. UTHAU KD, S RING, DGURLED,

SERNTER OF GORE
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PART NO,: R7118-513
TITLE: Parachute, 88,1 Ft D, Ringsail \
NO. GORES: 72 : ’
TYPE OF REEFING: Radial L ;
ITEM MATERIAL
.. 5 47 . 1 TN
VENT LINES 550 Lb Nylon'Cord N ’
" VENT BAMD 4000 Lb Nylon Webbmg, 1.0 Wide .
. . CLOTH wmcm . . TAPE
RING NUMBER - 0z/YD? {a) P, LB T WIDTH, ili,
- 2.2 200 (b) “1.06
. e 1200 (b, ) 1,06
r o 2.25 200 (<) " 1,06 '
S 200 (c,f} 1.06
3 . .. 2,25 206 (c) : - 1,06
o 200 (c,f) 1,06
4 ' T 1,1 200 (<) 1,06,
, 200 ! {c, {) . 106
5 ' 1.1 - 200 (d) 1,06
- 200 | (d,f) 1.06
6 - o R V0 I 90 (@) N Y
: -1 200 (d,1) 1.06
7 Lt £ 90 (d) 62
S - : 200 (d,f), | . 1.06
8 1.1 £-90  ({d) . .62
9 | T ! None \ None
10 1.1 None . None
11 1.1 None None
1
12 1.1 None' | None
i ] N . \
VERTICAL TAPE 90 'Lb Nylon Tape, .62 Wide (e) '
300 Lb Nylon Tape, 1.0 Wide
SKIRT BAND 500 Lb Nylon Webbing, .56 Wide A
T T
RADIALS (2 EACH) | 300 Lb Nylon Tage, 1,0 Wide ‘
!
SUSPENSICN LINES |'550 Lb Nylon Cord - '

(a) TRIPLE-.SELVAGE CLOTH (d} TRAILING EDGE ONLY

(b) JLEADING EDGE ONLY, (e) NO, | THRU NO, 5 RING, DOUBLED
(¢} LEADING AND TRAILILING EDGE CENTER OF GORE' ~ . .

{f) CONTINUOUS REINFORCEMENT

l [
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PART NO,: R7118.507
‘ TITLE: Parachute, 83,1 Ft D, Ringsail
NO. GORES: 72
TYPE OF REEFING: Radial
ITEM MATERIAL
VENT LINES 550 Lb Nylon Cord
’ VENT BAND 4000 Lb NMWebbing. 1.0 Wide .
CLOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a) P, LB WIDTH, IN.
1 2.25 200 (b) ) 1,06
2 | 2.25 200 (c) 106
3 2.25 200 (c) 1,06
4 1.1 200 {c) 1,06
5 None None None
6 1.1 90 (d) 62
7 1.1 90 (d) 62
8 1.1 90 (d) .62
9 1.1 None None
10 1.1 None None
11 1.1 None None
12 . 1.1 None None
VERTICAL TAPE 0 Lb Nylon Tape, .62 Wide (e)
300 Lb Nylon Tape, 1,0 Wide
SKIRT BAND 500 Lb Nylon Webbing, .56 Wide
RADIALS (2 KACH) 300 Lb Nylon Tape, 1.0 Wide
SUSPENSION LINES | 550 Lb Nylon Cord

(a) TRIPLE.SELVAGE CLOTH (c) LEADING AND TRA!LING EDGE
{b) LEADING EDGE ONLY (d) TRAILING EDGE ONLY
{e) NO, | THRU NO, 4 RING, DOUBLED,
CENTER OF GORE
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. PART NO,: R7!18-515
' TITLE: Parachute, 88,1 Ft D, Ringsail
NO. GORES: 68
TYPE OF REEFING: Mid-Gore
| 1ITEM MATERIAL
VENT LINES 550 Lb Nylon Cord
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE
RING NUMBER OZ/YDz {a) P., LB WIDTH, IN.
1 2.25 200 (b) 1.06
2 2,25 200 (c) 1,06
3 '2.25 200 (c) 1,06
4 1.1 200 (c) 1,06
5 (50% Removed 1.1 200 (d) 1,06
Top)
1.1 90 (d) .62
? 1.1 90 (d) .62
8 1.1 90 (d) .62
9 1.1 None None
10 1.1 None None
1 del None Noune
12 . 1.1 ‘ rlwlone . None
VERTICAL TAPE 90 Lb Nylon Tape, .62 Wide (a)
300 Lb Nylon Tape, 1,0 Wide
SKIRT BAND 500 Lb Nylon Webbing, .56 Wide
RADIALS (2 EACIH) | 300 Lb Nylon Tape, 1,0 Wide
SUSPENSION LINES | 550 Lb Nylon Cord

(a) TRIPLE.SELVACE CLOTH {c) LEADING AND TRAILING EDGE
(b) LEADING EDGE ONLY (d) TRAILING EDGE ONLY
(e} NO, | THRU NO, 5 SAIL, DOUBLED,
CENTER OF GORE
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5 PART NO,: R7527-1
TITLE: Parachute, 85,6 Ft D, Conical Ringsail
NO. GORES: 68
TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES 550 Lb Nylon Cord
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) B,, LB WIDTH, IN,
1 2,25 90  (b,{) .62
2 2,25 %0 {c,f) .62
3 2.25 90  {c,f) .62
4 1.1 90  ({c,f) .62
5 (75% Removed 1.1 200 (d.f) 1,06
Top)
6 f.1 90 ({d,f) .62
7 1,1 None None
8 1.1 None None
9 I\ None None
10 1.1 None None
i1l 1} Noue None
12 i1 None None
VERTICAL TAPR 90 Lb Nylon Tape, ,62 Wide, (s)
300 Lb Nylun Tape, 1.0 Wide
SKIRT BAND 500 Lb Nylon Webbing, .56 Wide
RADIALS (2 EACH) [300 Lb Nylon Tape, 1,0 Wide
SUSPENSION LINES |650 Lb Nylon Cord

(a) TRIPLE.SELVAGE CLOTH (¢} LEADING AND TRAILING EDGE

(b) LEADING EDGE ONLY {d} TRAILING EDGE ONLY

(f) CONTINUOUS REINFORCEMENT {e) NO, 1 THRU NO, 5 SAlL, DOUBLED,
CENTER OF GORE
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PART NO,: R7527-503
ﬁ TITLE: Parachute, 85.6 Ft Dy Canical Ringsail
NO, GORES: 68
: TYPE OF REEFING: Mid-Gore
': ITEM MATERIAL
; VYENT LINES 550 Lb Nylon Coxrd
VENT BAND 4000 Lb Nylon Webbing, 1,0 Wide _
:. CLOTH WEIGHT | TAPE
RING NUMBER 02/YD? (a) ) WIDTH, IN,
1 2.25 90  (b,f) .62
2 2.25 90 (e .62
3 2.25 90  ({c,f) .62
4. 1.1 90  (c,f) .62
) 1.1 200 (d.f) 1,06
.. 6 1.1 90 (d,f) .62
. 1 1.1 Nono None
8 1.1 None Nona
9 1.1 None Nonue
10 1.1 None None
11 1. l Nono None
‘ THE ol None None
VERTICAL TAPE 90 Lb Nylon Tape, ,62 Wide (e)
360 Lb Nylon ‘Tape, 1,0 Wide
SKIRT BAND 500 _Lb Nylon Webbing, .56 Wide
RADIALS (2 EACH) | 300 Lb Nylon Tape, 1,0 Wide
SUSPENSION LINES | 650 Lb Nylon Cord

(a) TRIPLE.SELVAGE CLOTH (c} LEADING AND TRALLING EDGE

{b) LEADING EDGE ONLY {d) TRALLING ENGE ONLY
() CONTINUOUS REINFORCEMENT (¢} NO, | THRU NO, 5 SAIL, DOUBLED,
CENTER OF GORE
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1

| PART NO,: DR 7661-1 |
. TITLE: Parachuts, 83, 5.Pt Dy Conical Ringsajl -
NO. CORES: 68
' | TYPE OF REEFING: Mid-Gore
ITEM , . MATERIAL
YENT LINES 650 Lb Nylon Cord
VENT SAND 4000 Lh Nylon Webbing, 1.6 Wide
! — CIOTH WEIGHT | “TADE (1]
RING NUMBER 02/¥D* (a) Py LB WIDTH, IN,
| / v : _ '
- B l .28 200 (b) .06
- 2 .28 | o200y 1.06
i ’ ;
, 3 2.25 200 (c) _ 1.06
4 2,25 200 {c) 1,06
| " § (75% Removed 1 200 {4) » 1,06
i s Tepy A
? 1t | s04s | .62
| 8 RN 90 (d) .62
9 l.; : : 1 Nome ; None
10 : 5.4 " | None o None
1 ‘i Hone Nono
T Rt | tvone Nono
; YERTICAL TAPE | 50 L6 Kylon Tape, 62 Wide (¢)
- - T ETLE Nyten Tape, 1.8 W0
| SKIRT BAND . - | 506 L% Nylon Webbing; . 56 Wide )
z rygmgm 't §A01;§ 35_91:..1; Nylon Tapa,. 1.0 Wide
‘ o Saspsﬂ&m’n LINES | 659 Lb Rylon Cord
) TIOPLE.SELVAGE CLOTH  (¢) LEADING AND TRAILING EDGE
{t} LEADING EDGE ONLY “(8) TRAILING ECGE ONLY
A3} CIRCUMFERENTIAL REIN-  (e) NO, 1 THRU NO, S SAIL, DOUDLED,

FPORCEMENT CENTER OF GORE
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PART NO,: DR 7661 - 527
TITLE: Parachute, 83,5 Ft Dy Conicul Ringsail
NO. GORES: 68
TYPE OF REEXING: Mid«Gore
ITEM MATERIAL
VENT LINES 650 Lb Nylon Cord
1200 Lb Nylon Webbing, 1.0 Wide
VENT BAND 4000 &b Nylon ng-__\in r, .0 Viide .
- CLOTIi WERIGHT | TAPE (1)
RING NUMBER 02/YD? (s) B, LB | _WiDiH, I,
1 2,25 250 (b} 1. 06
2 2.25 200 {<) 1.06
3 2.25 200 {c) . 1.66
4 2.25 200 (d) 106
350 {b) RN
§ {15% Removed, 1.1 624 () 1,00
Top) 200 (b) 1,06
5 1.1 350 (), 200 {h) 1,00/1,96
920 (b) 62
? 1.1 350 (d), 200 (W) 1, 00/1.06
920 (b) O3
] 1.1 200 (d), 200 (h 1,06/1,06
90 (L) : o2
9 it 90 (J) .62
10 1.1 None None
i 1.1 None None
12 1.1 None Noae
VERTICAL TAPE | 90 Lb Nylon Yage, .62 Wide (o)
SIURT BAND 1209 1.h Nylon Webbing, 1.0 Wide {g)
RADIALS (2 EACH) | 350 Lb Nylon Tape, 1,0 Wide
SUSPENSION LINES | 650 Lb Nylon Gord

{) DOUBLED () MID-RING

{a) TRIPLE.SELVAGE CLOTH (c) LUADING AND TRMLUING CDGE

{h) LEADING £DGE ONLY (¢} TRAILING BIXGE ONLY

{i) CIRCiAFERENVIAL RFIN- (e} NO. § THRU RO, 5 SAlL, DOUDBLED,
FORCEMENT CENTER QF GO E
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PART NO,: R76el.1
TITLE: Parachute, 83.5 ft D, Conical Ringsail
NO. GORES: 68
TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES 650 Lb Nylon Cord
\2 VENT BAND 4000 Lb Nylon Webbing, 1,0 Wide
4 CLOTH WZIGHT TAPE
RING NUMBER 0z/YD? (a) 5., LB WiDiH, IN,
: 1 i} . 2,25 200 (b) 1.06
E‘ 2 2.25 200 (c) 1,06
3 ] 2.2% 200 {(c) 1.06
4 2.25 200 (c) 1.06
5 (75% Removed, L1 200 {d) 1,06
: Top)
6 . S D Y 90 {d) .62
7 1.1 90 (d) .62
8 ' 1.1 None " None _
9 I.1 : Noae . ‘None
10 : 1.1 None E None
11 1.1 None None
12 1.1 None None
VERTICAL TAPE 90 Lb Nylon Tape, ,62 Wide {e)
) 350 Lb, Nylon Tape, 1.0 Wide
SKIRT BAND 500 Lb, Nylon Webbing, ,56 Wide
RADIALS (2 EACH) { 350 Lb Nylon Tape, 1,0 Wide
SUSPENSIOWN LINES 550 Lb Nylon Cord

(a) TRIPLE.SELVAGCE CLOTH {¢) LEADING AND TRAILING EDGE
Ab) LEADINCG L£DGE ONLY {d} TRAILING EDGE ONLY
(e) NO. 1 THRU NO, § SAlL, DOUBLED,
CENTER OF GORE
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PART NO,:

R7661.501

TITLE: parachute, 83.5 Ft D, Conical Ringsail

NO. GORES: g8
TYPE OF REEFING: WMid-Gore
ITEM MATERIAL
VENT LINES 650 Lb Nylon Cord
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CLOTH WEIGRT |___ —TAPE
RING NUMBER 0Z/YD (a) P,, LB WIDTH, IN.
1 2.25 200 {b) 1,06
2 2.25 200 (c) 1,06
3 2,25 200 {c) 1.06
4 2,28 200 (c) 1,06
5 (75% Removeq, 1.1 200 (d) 1.06
Top) F
6 1.1 90 {d) .62
7 1.1 90 (d) .62
] 1.1 90 (d) .62
9 1.1 None None
10 1.1 None None
11 1.} None None
12 t.1 None None
VERTICAL TAPE 90 Lb Nylon Tape, .62 Wide (#)
350 Lb Nylon Tape, 1.0 Wide
SKIRT BAND 800 Lb Nylon Webbing, .56 Wide

RADIALS (2 EACH)}

356 Lb Nylon Tape,

1,0 Wide

SUSPENSION LINES

650 Lb Nylon Cord

(s) TRIPLE.SELVAGE CLOTH

(b) LEADING ELGE

ONLY

281

CENTER OF GORE

{c) LEADING AND TRAILING EDGE
(d) TRAILING EDGE ONLY
(e} NO. 1 THRU NO, 5 SAIL, DOUBLED,




PART NO.: R7661-503 : : ’

TITLE: Parachute, 83.5 Ft Do Conical Ringsail ! : |
NO, GORES: & ,

TYPE OF REEFING: Mid-Gore - | !

ITEM : MATERIAL B )
VENT LINES 650:Lb Nylon Cord : '
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide |

CLOTH WEIGHT “TAPE
RING NUMBER 0z/YD? (a) “ P, LB WIDiH, IN.

1 - 2.25 . | 200 () | .06

2 2.25 - 200 (c) | , '1.06 .

3 2.25 200 (c) 1.06

4 2.25 | 2o 1,06

5 (75% Removed, L1 , 200 (&) 1,06

Top) ' .
L 9@ ' .62
] oLy 90 (d) | ‘ .62
8 B N Y b2
9 -l 1.1 None | . None :
10 | .1 5 Nove None
11 L VS | ‘None s _ 'None
12 | L1 . : None; ' None, -
VERTICAL TAPE | 96 b Nylon Tapé, .6Z‘Wide {e) !
350 Lb Nylon Tape, 1,0 Wide‘ i |
SKIRT BAND 500 Lb Nylon Webbing, .56 Wide
RADIALS (2 EACH) 350 Lb Nylon Tape, 1.0 Wide
_SUSPENSION LINES | 650 Lb Nylon Gord o L

(a) TRIPLE-SELVAGE CLOTH {c) LEADING AND TRAILING EDGE
(b) LEADING EDGE ONLY (d} TRAILING EDGE ONLY
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1

s | mn'r NQO.: R7661-505%
J
N ‘IITLE Parachute, 83.5 Ft Do Conical mngnil
] .
NO,:GORES: 68
TYPE OF REEFING: Mid-Gore !
l 3 . [
| ITEM . MATERIAL
T VENT LINES 650 Lb Nylon Cord .. y
VENT BAND 14000 L'b Nylon Webbini 1,0 wide
o ‘ CLOTH WEIGHT T TAPE
RING NUL:BER | 02/YD? (a) P, LB WIDTH, IN,
o ' o 2.2 { 200 - 1.06
! \ 2 , 2.25 200 () 1,06
3 2,25 200 (k) 1,06
, 4 : | 2,25 200(c) + | 106
L 90 (b) i 462
' 5 (75% Rewnov.d 11 , 1 200(d,f1,) 1,06 ,
) Top ' ! )
P A R 1.1 . 200 (q) 1,06
L c 1 90 (d) .62 i
o S | : W 200 (d) ! . 1,06
! ! . . . ; ‘_ ‘ 90. (d) i o L,62
. }A . (‘ ) . ' lcl ' 90 (d'f) '62 !
9 ; . 1.1 None \ None !
. I © '
10 ' L.} , None ' , None '
. ol H ' : f .
: |} SR 1.l None None ,
_ ' e - ' Y S * None ' None
o : ! ! . ' ‘ ‘
o VERTICAL TAPE | 90 Lb Nylon Tape, .62.Wide (e) !
- o ! . . :
L SKIRT BAND - 1200 Lb Nylon Webbing, 1.0 Wide ;
H
RADIALS (2.EACH) | 350 Lb Nylon Tape, '1.0 Wide
. g SUSPENSION LINES | 650 Lb Nylon Cord ’

|
{(s) TRIPLE.SELVAGE CLOTH (c) LEADING AND TRAILING BDGE

' (&) LEADING EDGE ONLY (d) TRAILING EDGE ONLY
. I {f) DOUBLED v (e) Ng 1. THRU NO, 5 SAIL, DQUBLED.
i S CENTER OF GORE .
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NO, GORES: 68

PART NO,: R766!.507

TITLE: Parachute, 83,5 Ft Dy Conical Ringsail

TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES 650 Lb Nylon Cord
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CILOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) B, LB WIDTH, IN,
1 2,25 200 (b) 1.06
2 2.25 200 (c) 1,06
3 2,25 200 (c) 1,06
4 2,25 200 (¢) 1.06
90 {b) 62
5 {75% Removed, 1,1 200 (4, 1) 1,06
Top) 90 (b, f) .62
6 1.1 200 (d) 1,06
90 (d) .62
7 1.1 200 (d) 1,06
90 (d) .62
8 1.1 90 (d, f) .62
9 1.1 None None
10 11 None None
il 1.1 None None
12 t.1 None None
VERTICAL TAPE 90 Lb Nylon Tape, .62 Wida {e)
350 Lb Nylon Tape, 1.0 Wide
SKIRT BAND 500 Lb Nylon Webbing, .56 Wide
RADIALS (2 EACH) 1350 Lb Nylon Tape, 1.0 Wide
| SUSPENSIOI. IINES | 650 Lb Nylon Cord

{a) TRIPLE.SELVAGE CLOTH {c) LEADING AND TRAILING EDGE
{b) LEADING EDGE ONLY {d) TRAILING EDGE ONLY

(fy DOUBLED

(e} NO, 1 THRU NO, 5 SAIL, DOUBLED

CENTER OF GORE
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rrssane
H
i

{a) TRIPLE.SELVAGE CLOTH {c) LEADING AND TRAILING EDGE

b) LEADING EDGE ONLY. . (d) TRAILING EDGE ONLY
f” M‘P-RWG Clﬁ“‘?m SRENTIAL (¢} NO, | THRU NO, 5 SAIL, DOUBLED
REINF ORCLMENT CENTER O GORE

PART NO,: R7661-.509
TITLE: Parachute, 83,5 Ft D, Conical Ringsail
NO, GORES: 638
TYPE OF REEFING: Mid-Gore
ITEM . MATERIAL
VENT LINES 650 Lb Nylon Cord
1200 Lb Nylon Tape, 1.0 Wide
YENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CILOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a) ., LB WIDTH, IN.
1 : 2.25 200 (b) 1,06
2 2.25 200 (c) 1,06
3 2,28 200 (c) 1,06
4 2.25 200 (d) 1.06
350 (b) 1,00
§ (75% Removeq, 1.1 625 (d) 1.00
Top) 200 (b) 1,06
1! 350 (d), 90(b),j1.00, .62,
200 (f) 1,06
7 1.1 350 (d), 90(b),|1.00, .62,
200 (£) 1.06
; 8 1.1 200 (d), 94b), | 1.06, .62,
: 200 (f) ; 1.06
9 L1 90 {d) .62
10 . 1.1 None None
‘ 1n 1.1 None None
f 12 Aol None None
s :
i VERTICAL TAPE 90 _iLb Nylon Tape, .62 Wide (o)
Doubled
! SKIRT BAND 1200 Lb Nylon Tape, 1,0 Wide
j
E RADIALS (2 EACH) | 350 Lb Nylon Tape, 1.0 Wide
) SUSPENSION LINES | 650 Lb Nylon Cord
i
i
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PART NO,: R7661-511
TITLE: Parachute, 83,5 Ft D, Conical Ringsail
NO. GORES: 68
TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES 650 Lb Nylon Cord
1200 Lb Nylon Tape, 1.0 Wide
VENT BAND 4000 Lb Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE _
RING NUMBER 02/YD? (a) B, LB WIDTH, IN.
) 1 2.25 200 (b) 1,06
2 2,25 200 (c) 1,06
3 2.25 200 (c) 1,06
4 2,25 200 (q) 1,06
350 (b) 1.00
5 (75% Removed, 1.1 625 (d) 1,00
Top) 200 (b) 1,06
6 1.1 350 {d), 90(b),|1.00, .62
200 (1) 1,06
1.1 350 (d), 90(b),{1.00, .62,
200 () 1,06
8. ] 1.1 200 (d), 90(b),[1.06, .62,
'. : 200 (f) 1,06
9 I, . 90 (d) .62
10 , 1,1 None None
il 1,1 None None
LN
12 1.1 None None
VIERTICAL TAPE 90 Lb Nylon Tape, .62 Wide (e)
“Doubled
SKIRT BAND 1200 Lb Nylon Tape, 1.0 Wide
RADIALS (2 EACH) | 350 Lb Nylon Tape, 1,0 Wide
SUSPENSION LINES | 650 Lb Nylon Cord '

.
9

(a) TRIPLE.SELVAGE CLOTH (c) LEADING AND TRAILING EDGE R

ADING E ONL d) TRAILING EDGE ONLY
a“% & G AN ENTIAL "L THRU NO, § SAIL
& auwonm.us 1A H Nran‘og cgn AIL, DCUBLED
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PART NO,:

R7661-513

TITLE: Parachute, 83,5 Ft D, Conical Ringsail

NO, GORES: 68
TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES $50 Lb Nylon Cord
1200 Lb Nylon Tape, 1.0 Wide
VENT BAND 4000 _L_b Nyl_on Webbing, 1.0 Wide
CIOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) F., LB WIDTH, IN,
1 2.28 200 (b) 1.06
2 2.25 200 (c) 1.06
3 2.25 200 (c) 1,06
4 2,25 200 (d) 1.06
350 (b) 1,00
8 (75% Removed, 1.1 625 (d) 1.00
Top) 200 (b) 1,06
6 1.1 350 (d), 90(b), | 1,00, .62,
200 {f} 1,06
1 350 (d), 90 (b),] 1,00, .62,
200 (f) 1,06
8 1.1 200 (d), 90(b),| 1.06, .62,
200 {f) 1,06
9 1.1 90 (d) 62
10 L Noae' None
1 1.1 None Noune
12 1.1 None None
VERTICAL TAPE 90 Lb Nylon Tape, .62 Wide (e)
Doubled
SKIRT BAND 1200 Lb Nylon Tape, 1,0 Wide
 RADIALS (2 EACH) | 350 Lb Nylon Tape, 1.0 Wide
SUSPENSION LINES | 650 Lb Nylan Cord

{a) TRIPLE.SELVAGE CLOTH

{b) LEADING
() MID-RING

REINFORCEMENT

EDGE ONLY d
CIRCUMFERENTIAL ‘c‘
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(c) LEADING AND TRAILING EDGE

TRAILING EDGE ONLY
NQ. 1| THRU NO, 5 5A1L, DOUBLED,

CENTER OF GORE




PART NO,: R7661-515

TITLE: Parachute, 83,

NO, GORES: 68

5 Ft Dy Conical Ringsail

TYPE OF REEFING: Mid-CGere
ITEM MATERIAL
VENT LINES 650 Lb Nylon Cord
1200 Lb Nylon Webbing, 1,0 Wide
VENT BAND 4000 Lb Nylon Webbin‘gh, 1,0 Wide _
CIOTH WEIGHT TAPE
RING NUMBER 0z/YD? (a) P., LB WIDTH, IN.
| 2,25 200 (b} 1,06
2 2,25 200 (<) 1.06
3 2.25 290 {c) 1.06
4 2,25 200 (b) 1,06
' 350 (d) 1,00
§ {75% Removed, i1 625 (d), 1200(d) 1,00, 1,00,
Top) 200 (b) 1,06
6 1.1 350 (d), 9qab), § 1.00, .62,
200 (I) 1.06
1 1.1 3504(d), 99(b), | 1.00, .62
200 (f) 1,06
200 (f) 1,06
9 L 1200(d) (g) 1,00
90 (d) .62
10 1.1 200 (d) 1.06
1 1.1 None None
i2 1.1 None None

VERTICAL TAPE 90 Lh Nylon Tape, 62 Wide (o)

SKIRT BAND

Duubled

1200 Lb Nylon Tape, 1.0 Wide

RADIALS (2 EACH)

150 L.h Nylon Tape, 1.0 Wide

SUSPENSION LINES |650 Lb Nylon Cord

tg) DOUYBLED

{3} TRIPLE.SELVAGE CLOTH {e} LEADING AND TRAILING EDGE

b) LEADING EDGE OHLY d) TRAILING EDGE ONLY ,
’t)’ MLD- RING CIRCUMPERENTIAL W Ro MRy No: 3¢ SAIL, DOUBLED

REINFORCEMEN

b CENTER OF GOR
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PART NO,: R 7661.517
TITLE: Parachute, 83,5 Ft D, Conical Ringsail
NO, GORES: 68
TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES 650 Lb, Nylon Cord
T200 Lb, Nylon Webbing, 1,0 Wide
VENT BAND 4000 Lb, Nylon Webbing, 1.0 Wide
CLOTH WEIGHT TAPE o
RING NUMBER 0z/YD? (a) P, LB WIDTH, IN,
| 2.25 200(b) ' 1.06
2 2.25 200(c) 1,06
3 2.25 200(c) 1.06
4 2,25 200(b) 1.06
350(d) 1,00
5(75% Removed, 1.1 625(d), 1200(d) }1.00, 1.00,
Top) 200(b) 1.06
6 1.1 350(d), 90(b), ]1.00, .62
. 200(f) 1.06
1 l. ‘ 35°(d)0 9o(b’l lo 00. + 62
200(f) 1,06
8 1.1 200(d), 90(b) {1,056, .62
200(f) : 1.0h
9 Il 1200(d) {g} 1,00
90{d) 62
10 1.1 200(d) 1,06
11 1.1 None None
12 1.1 None None
VERTICAL TAPE 90 Lb. Nylon Tape, .62 Wide {¢)
Doubled
SKIRT BAND 1200 Lb, Nylon Tape, 1.0 Wide
RADIALS (2 ©ACH) [350 Lb. Nylon Tape, 1.0 Wide
SUSPENSION LINES [650 Lb. Nybn Cord

, {s) DO
(s) TRIPLE.SELVACE CLOTH lc) LPADI!\C} AND TRAILING EDGE

{5 LEADING EDGE ONLY (4) TRALLING EDGE ONLY
{f) MID-RING CIRCUMFERENTLAL (¢} NO. | THRAU NO, 5, SAIL, nouau:o
REINFORGEMENT _ GENTER OF GORE
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PART NO,: R7661-519
TITLE: Parachute, 83,5 Ft. D, Conical Ringsail
; NO, GORES: 68
TYPE OF REEFING: Mid-Gore
ITEM MATERIAL
VENT LINES 650 Lb, Nylon Cord
VENT BAND 1200 Lb, Nylon Webbing, 1.0 Wide
0 N 4000 Lb, Nylon Webbing, 1.0 Wide
CLOTH WEIGHT | TAPE
RING NUMBER OZIYDz (a) P., LB WIDTH, IN,
: 2,25 200(b) 1,06
3 2.25 200(c) 1,06
4 2,25 200(b) 1.06
3501d) 1,00
5(75% Removed 1.1 625(d), 1200(d)j 1,00, 1,00,
Top) 200(b) 1,06
6 1.1 3s0(d), 90(b), |1.00, .62,
200(f) 1,06
1 l.l 350“”' 90(b). l. 00. 063
200(f) 1,06
8 L1 200(d), 90(bd) |[1.06, .62
200(£) 1,06
9 (181 1200(4) (g) 1,00
90{d) b2
10 1.1 200{d) 1.06
1 1.1 . None Noae
1 L1 None Nons
VERTICAL TAPE | 90 Lb, Nylon Tape, .62 Wide (e)
- Doubdled
SKIRT BAND 1200 LY, Nylon Tape, 1,0 Wide
RADIALS {2 EACH) | 350 Lb. Nylon Tape, 1.0 Wide
SUSPENSION LINES ]| 650 Lb, Nylon Cord

{g) DOUDLED N _
(s) TRIPLE.-SELVAGE CLOTH (¢} LEADING AND TRAILING EDGE
() LEADNG EOSE QULY, i, {3 JIAURSEROEONLY, 5
0 RO RN SNT ' CENIER OF GORE T
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Figure 105, Gore Pattern and Fullhess Distribution
R7811-1  128.8 it D, Ringsail Parachute
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PART NO,: R7811-1
TITLE: PARACHUTE, 128, 8 ft D, RINGSAI L
NO. GORES: 112
TYPE OF REEFING: RADIAL
ITEM ' MATERIAL
VENT LINES 550 1b NY LON CORD
VENT BAND 4000 b NYLON WEBBING, 1.0 WIDE _
CTOTH WEIGHT TAPE
RING NUMBER 02/YD? (a) P., LD WIDTH, IN.
1 2.25 200 (b) 1.0
2 2.25 200 (¢) 1.0
3 2.25 200 {c) 1.0
4 2.25 90 (c) .62
5 2.28 90 (<) .62
6 1.6 90 {¢c) .62
? 1.6 90 {c) .6¢
3 L6 90 { <) 42
9 1 1000 {9, ) .50
10 i1 70(d) .62
11 AND 12 L 0(4) .62
13 THRU 21 1.1 10 {d) .62
VERTICAL TAPE 90 1b NYLON TAPE, .62 WIDE (o)
SKIRT BAND 1060 b NYLON WEBDING, .S WIDE
 RADIALS {2 EACH) 390 th NYLON TAPE, 1.0 WIDE
SUSPENSION LINES | 550 Ib NYLON CORD

(a)} TRIPLE.SELVAGE CLOTH (¢} LEADING AND TRAILING EDGE

ibg LEADING EDGE ONLY }d} TRAILING EDGE ONLY
ClRCUMFEﬁbNTML REIN- e) BOQ. 1| THRU NO, 9 SAIL DOUBLED,
ENT CENTER OF GORE
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APPENDIX B

SPECJAL RINGSAIL PARACHUTE APPLICATIONS

Modified Ringsail parachute designs were developed for applications other
than the Apollo ELS cluster. Development of the ""Glidesail" steerable
version wasa initiated in 1960 when interest in the potential utility of a con-
trollable gliding parachute was beginning tc gain momentum. In 1967 the
Ringsail parachute design was adapted to the need for an aerial pickup target
canopy of good efficiency and positive opening characteristics. About the
same time the NASA Langley Research Center developed a new Ringsail
design with a wide peripheral alot (eimilar to the Disc-Gap-Band parachute)
for the Planetary Entry Parachute Program. The salient characteristics -
of these parachutes are suramarized in the following sections,

1,0 The Glidesail Steerable Parachute

The Glidesail parachute was conceived ae a minimal modification of the
Ringeail design to produce a fully dirigible parachute having a maximum
ratio to lift to drag in the range of 0.5t 1,0, It was one of the first new

- gliding parachute designs to provide for L/D control from zero to maximuni.
In thie raspect it was an improvement over its steerable contemporaries,
most of which had fixed built-in glide ratics between 0, 3 and 0, 5,

The Glidesail control system, for which 4 patent was applied in June 1961
and granted in Janvary 1964 (Patent No, 3, 117, 753), consisted of a broad

- trailing edge flap having in the final configuration & radial depth abinee the
skirt of 0,15 D and apanning . 37N o . 4N gores. The group of suspension
lines on the "lAp were attached to a conunon control riser, Steering was
“effected by retracting suspension lines on either side of the canopy which
caused the Glidesail to turn by shifting the system center of gravity., The
parachute was deployed with the flap fully retracted sv that all suspension
lines would be of equal length through the upening transieut. After the sys-
tem reached a steady descent condition, the aap control riser was extended
to initiate glide.

One of the 63 §t D, Glidesail models is stown in Figure 136 descending in
full glide with flap extended. The NASA- -sponsured development program
reported in Reference 17 included tethered control tesls of a varietly oi 18 1t
D, models in the AMES 40 x 80 wind tunnel and aetial drop tests of 36 L D,
and 63 ft D, mudels with a radio-controlled test vehicle. One test was
also ;‘rformed with a cluster of thres canopies secured together in a deita
coufiguration of which only two were Glidesails. The leading canopy was a
standard Ringeail inherited from the Mercury program. All ol the test

293




e

i TE

294

_":(H 3 o A
2L AL
i e

e
A

(e

e
EEe TS

R



o npoctmnu wara made fiom atandard parachute cloth and moast of them bad
< ax offective suapensice: line length of 0.8 D,. Becauso the test instrumentn-
- -tion was not adapied for cancelling the effect of wind sxcept when a straight
- course was fiown, oaly vough L/D mezsurements were obtnined. The re-
_ perwi patioma.nao i preuamd in Table XXVIL R TRS

* TA,BLE mn
‘ umsum GLDES&IL Pmromncr:
1 system. Conﬁsumim o Singla V' Single | Cluster of 3
1 cuaean, oy | | e 63
Pescent weight, (Ib) T Tiea | 2580 2750
Rate of'de;cont. itpe) - ; 15.0 | - 29,5 18,0
":Avos_ra.vg.o Tuming &h; (&og. feec,) . 4 _ 5 ]
_ N Control riser exheni%oh _  ~‘ 7 . 125D, .771"25 B, .izo Do
© . Avezage L/D 4 ~.4 ‘ ‘  ~.7‘ . ~.6
A'Oncc the glide had btan Lmtiated. 3ystem ltability during the deacent was

: _.__cxcenent, pcndular oucﬂhtiona being Impcrcgptible.-

"~ One of the major ptogram objectives was’ to producc a controllable gliding

_-parachute s a minimum modification of the Ringeail in o¥der.to gain fuil -

© benefit from the demonstrated high op&qing reliability of the Ringsail design,
.~ - This objective was attained. ‘but the deaign goal of L/D ='1,0 was not, Sub-

.7 . T sequent experience taught ‘that the use of low porosity cloth in the major area
L+ of the canopy around the r,ingsiot crown probably would have enabled attain-
« " _ment of ths dasign goal.' RN _ _

7u."

-~ 2.0 The mngml Aorial Pickup Targat

The canopy of thn Ringnaﬂ urhl pickup t&raet pauchute is of stmdard
design. As shown in Figure 107 the modification required to adapt it for
~ the annular parachuts asrial recovery system consists of an added set of
- multiple suspension linss attached to the apex of the aninular cancpy. The
- target parachute also carries an interwoven web of heavy reinforcements .
- for transmis nion o! the : ongagamont and pickup loads through the annular

CEO RO L ABGRAL L ey _
. -';;,@;3&\{3‘--\‘ LSl PRV PN U s e g w - oL [
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specimens were made from standard narachute cleth and most of them had
an sffective suspension line length of 0.2 D,. Because the test instrumenta-
tion was rot adaptad for cancelling the effect of wind except when a straight’
course was flown, only rough L/D measuremente ware obtained, The re-
poried performance is presented in Table XXVIL ,

e

TABLE XXVII S ’ .

| MEASURED GLIDESAIL PERFORMANCE
System Configuration Sinlgle | Single ;SIu‘s‘ter of 3

Glidesail, Do {£%) ' 36 - 63 | 63
Descent weight, (Ib} - 184 | 2580 " 2750
Rate of descent, (fps) 1 s8] 298 . 18,0 !
Average Turning Rate, (deg./sec.)} . - 4 ‘ -5 ]
Control riser extension - 125D 1. 12§ D, «120 Do
Average L/D B ' ~. 4 ~.7 ! ~ b

Once the glide had been initiated, system stabxlxty durmg the descent was
excelient, pendular oscillations bcxng imperceptxble. ‘ \

One of the major program ob_)ectwes-was to produce a controllable gliding
parachute as a mininium modification of the Ringsail in order to gain full
benefit from the demonstrated high opening reliability of the Ringsail design.
This objective was attained, but the design goal of L./D = 1, 0 was not, Sub-

- sequent experience taught that the use of lowiporosity ¢loth in the major area
of the canopy around the ringslot crown probably would have enahled attain-
ment of the design goal,

{

2.0 The Ringsail Aerial Pickup Target ‘
|

The canopy of the Ringsail aerial pickup target parachute is of standard

design. As shown in Figure 107 the modification required to adapt it for

the annular parachute aerial recovery system consists of an added set of

multiple suspension lines attachad to the apex of the annular canopy. The’

target parachute also carries an interwoven web of heavy reinforcements

for transmission of the engagement and pickup loads through the annular
- ]
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parachute to the payload. The number of suspension lines of the target
parachute is equal to the number of lines on the anaular parachute, while

" A the ratio of the number of gores in the two cancpies is made either 1/2 or
1/3, depending on the relative size. Thus, the Ringsail target parachute

hag either two or three suspension lines attached to the skirt of the cancpy
at each radial seam. This attachment is made to a loop formed by turning
back the ends of the double radial tapes, each line-end being bent through
the loop and inserted back into itself to form the familiar Chinese finger

trap splice.

VB DA AM AN 1 TP g

Because the length cf the suspension lines is determined by the relative
sizes of target and annular canopies, the effective lengths of the Ringsail
target rigging varied from fg/D, = . 76 to 1. 49 during the development pro-
gram reported in Reference 4. One of the unique advantages of this type of
parachute system ia that the target canopy is used first as a drogue (either
o : reefed or nonreefed) to decelerate the system to a low velocity for opening
; : of the nonreefed annular canopy, During the drogue working interval the

2 suspension line confluence is retained by a temporary keeper formed by the
x upper end of the sleeve in which the annular canopy is deployed. A pair of
standard reefing lire cutters is used to release this keeper a predetermined
time interval after the deployment bag has been stripped off.

I I TN S e

’ ! The information obtained from the system development tests provides the
13 t only data available on the performance of small, beavily lcaded Ringsail
Cg : parachutes. In the majority of the tests the equilibrium descent velocity at
¥ : the end of the "drogue' working interval fell between 53 and 93 fps (EAS); the
corresponding unit canopy loadings were in the range of W/CpS, = 3.5 to
10. 3 psf., Measured drag coefficients and opening load factors of thece para-
chutes are included in Figures 22 and 28 respectively. The data presented
in Table XXVIII are representative of the best performance of the four dif-
ferent models tested, To insure structural integrity for the test program
these Ringsails were made of the conservative "mid-weight' construction
incorporating pickup reinforcements «f 9000 1b 1 inch webbing and 10, 000 1b

braided cord.

T
F T

e

.
R TR g Y e

AAA

3.0 The Modified Ringsail Parachutes of the PEPP Program

During the Planetary Entry Parachute Program conducted by the NASA
Langley Research Center (Reference 18) a modified Ringsail parachute

3 design was subjected to several tests at speeds up to Mach 2. 9 and altitudes
] in excess of 120, 000 feet, Experimental models having nominal diameters

- of 31,2, 40, and 54.5 feet ware tested. These parachutes were depioyed
nonreefed at dynamic pressures in the range of 9 to 12 psf, Total geometric

e A s 0 D SO s e 0 A s,
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TABLE XXVIli

RINGSAIL TARGET PARACHUTE PERFORMANCE AS A
DROGUE IN THE UAR SYSTEM

(Symbol) D_ - (ft) 0175 &23.0f D2s.5) [734.0
!

Number of gores 20 ___ZQ l 30 ) E?__..q
Number of lines 60 ! 60 | 60 60
Rigging (£,/o) 1.49 T; .13 ! .91_4 ﬁ- 76
Refﬁng (%/Do) 31 ﬁ’ 24 24 f 17.6
Test No, 6 ﬁ: .1 ) 5 9'——
Descent weight, (lb) 1779 i 1835 T 2010 2-(-)'—90-
Altitude, (ft) 15800 | 1600(;- | 16100 .12560 )
a, (ps ws  |as | a9 e

Opening Loads: Reefed, (lb) 3940 ) 3610 I 5660 I 5060
Disreef, (Ib) 5270 5410 | 17110 7500
| CK: Reefed .97 Téo ) ', . 70 | .76
B T NI N N I
W/C,S: Reefed, (psf) | 20.0 23,6 |11.8  [13,0
F, 0., (psf) 10,3 6,3 l 4.5 3.6
Ve - wt‘;;u (EAS) 92. 6 72'.-8““ .._(;0 3(1) ! 54.0 |
-CDO“ o ) Lo 72 —;Om’ ".-70 ;- ..66(3)'
" | T e T 1
Parachute wclght (lb) 27.0 30.:"“ 13:4.8“ Jj—l‘i N

NOTE: (1) Averages for 4 tests

(2) Averages for 2 tests

‘Includas canopy and lines of "mid-weight" construction and pickup

reinforcements,
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porosities were typically about 13% S_, most of which ( 9% S,) was concen-
trated in a wide slot near the periphery of the inflated canopy as shown in
Figure 108,

This modification was derived from the Disc-Gap-Band parachute configura-
tion developed by LRC in an attempt to produce a parachute system that
would be reasonably stable in very low density air corresponding to condi-
tions expected on the planet Mars. Although the PEPP Ringsail's subsonic
performance as a parachute was mediocre, both its subsonic and supersonic
performance appeared to be better than that of the DGB. Degradation of
parachute performance in supersonic flow is expected, but the poor showing
of the PEPP patachutes subsonically can be attributed to faulty aerodynamic
shaping of the skirt area below the peripheral slot, * In operation the can-
opies inflated to the peripheral slot, while the skirt aniulus, functioning
like an extension of the suspension lines, contributed little more than skin
friction to total drag. This fault could have been corrected.

T

e P TECRE TmE Pe 5 0

]
With reference to Modified Ringsail and DGB only: the Cross designs tested
were disqualified earlier for even poorer performance,

A =,725 h

R

o, 788 hR

R A BT AT B ERVT

A
T A

Figure 108. Schematic of the PEPP Ringsail
(40 £t D)
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Deployed supersonically these parachutes exhibited high opening shock

(Ck = +92 - 1,05 nonreefed) followed by severe longitudinal pulsations and
load fluctuations as shown comparatively in Figure 109. The crown geo-
metric porosity of the Ringsail models was too low, and the roof porosity

of the DGB was even lower, the latter due in part to operation at a super-
critical differential pressure across the cloth pores. Experience with
supersonic drogues would suggest the need for more geometric porosity in
the canopy roof than in the sidewalls. In the DGB configuration the effective
sidewalls would be an annulus of the canopy roof above the peripheral slot,
the cylindrical band functioning more as a brake on canopy opening.

The difference between the constructed shapes of the two canopies in the
skirt area is reflected in their filling rates, comparison of dimensionaless
filling intervals showing the filling distance of the modified Ringsail with
flared skirt to be 75 to 80 percent that of the DGB with cylindrical skirt (at
the same Mach number}. Significant contribution of the Planetary Entry
Parachute Program was the finding reported in Reference 18 that the para-
chute filling distance increased with Mach number (see Figure 58, Section
6.2,5). This is accounted for by the effect of compressibility on the air
inflow rate, the canopy volume to be filled remaining escentially constant.

Suhsonic drag coefficient measurements were subject to considerable un-
certainty; average values obtained for each different model are presented
in Table XXIX,

TABLE XXIX

PEPP MEASURED DRAG COEFFICIENTS

Modified Ringsail | Disc-Gap-Band
D, (1) Coa D, (ft) Cp,

k) JAPA . 55 30.0 .52
40,0 .62 40.0 .53
54.5 . 60 40,0 .48
64,7 . 58

NOTE: Cno is based on S, computed with slot area included

oo
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Figure 109. Opening Load Fluctuations of PEPP Parachutes Following Line
Strétch at Mach 1,4 - 1,6
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The difference between the small and large models may indicate « scale
effact, but probable errors are large. The low drag coefficients of these
Ringaail models, allowing for the wide peripheral slot, indicates a design
problem. For parachutes larger than 48 ft D, a drag coefficient of less than
Cp, = 0.70 would normally be considered unacceptable.
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APFENDIX C

SAMPLE DESIGN PROBLEM
Ringsail parachute design procedures are clarified by a practical numerical
example bascd on the requirements for recovery of a 2340 1b vehicle, The
maximum allowable rate of descent at 50C0 ft MSL ic 33 fps. Because a high
zate of deceleration is desired to ensure safe recovery at very low altitudes,
the maximum allowable opening load factor is 5.5 g in level flight. The para-
chute is to be deployed at 225 KEAS by a forcibly ejected pilot chute aided, if
nscessary, by an ejector bag under the pack. The inatalled weight and volume
shall be a minimum compatible with the most advanced state of the art,
The canopy area required is derived by aerodynamic analysis as follows:

= To allow {or the normal variation in the observed rate of descent
of parachute systems let the design rate of descent be

Ve © 33/1.06 =2 31,1 fpa (rule of thumb)
« The squivalent rate of deacent at sea level

ve= 31171071 =28.90p (/%101
«  The equilibrium dytamic pressure

Qe = 1.0 pof
» The required effective drag area

CDSo & Wiqe = 2340 £:2
- Forf, D, =1.15and vg = 29 fpa

Cp, = 0.81 (Figure 22)
« The canopy area

8o = CpS/Cp,, = 2882 %

‘The following steps are numbered to conform with Section 5.}
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1

3.

4

6,

[ ' t

b Rinﬂa.il Basic Dimensions
Nominal diameter: Dg = 60,6 ft

Number of gores: N.= 4!6 to 53
From tixe loade analysis:
Friu = 5 5 W max,
= 13,000 lbs
From the 9tructural analylia-
(D.F.) Fppy = 24,700 1bs
' W Ng  =¢ (riyen)
Pp = 550 lba (sugpension line cord)
For N = 48 NPR 2 26, 400 lbs
, and the ratio NPR {D. F.) FLpq = 1. 068 is satisfactory,

Length of suspenaion lines:
effective length Jo = 1, 15 Dg = 70 it (to the nearest foot)
let risere fg = ' 3fe |
linelength [y = 67 {t

Gore height hg o.519 Dg.s 377 inches

 Area Of crown ventilation:

Agc. = 2.75% S (from Figure 21)
Sge = 79.3 2
-~ Vertical tapes on gore g&atcrbau crossing the crown slots
will be used,
Woven width of cloth: hyw = 36 inches
To conform with best praux»e for Ringsails of
D, = 56 feect and larger
Vertical spacing of sails io the gore:

a) Firot approximaﬁon.
humber of sails in gore: hR/hy = 10,5

n=10
ap = 9
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Number of ring siots: (.4 hp/hw)=1=13,2
ng = 3

Vent height: hy = 15 to 22 inches

' Start with by = 18 inches

Slot width dimension (Ahg):

Estimate position of mean slot as shown in
Sketch (a) Figure 110,

.4 hyg = 151 in,

hy = (.4 bp=h,}/2 + h, = 84, 5 in,
Length of mean slot:
Cq = 6. 44 (hg/N) sin (bz/bg) 54° (per Figure 12)
bR/N = 7.86
bhg/hp = 84, 5/377
Cg = 6.44(7,86) sin 12,1°

= 50,6 (. 209) = 10.6 in,

" Open area per gore;

Neglect area covered by radials and vertical
tapes, '

IS . P
__SEE.. = 238 in. e : (z':sgt from atep 5)
Estimated area of vent sector = 18 in, 2

Areca of mean slot per gore:

§g » (238-18)/3 = 13 in. 2

Approximate slot width;
Ah‘ = 73/10,6 = 6.9 in,
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Chack width of sail No. 1

! thw = 324, in.
: n Ah
g g
: h = 18 in.

v AR A ST A Sl .
Total 362.7 in

ZO. 7 in'

)

hl = 377 - 363 = 14 in,

b) Second approximation:

Tho dimensional adjustment needed may be deduced from
the size and position of the mean slot in Sketch (b) IFig-
ure 113,

" Sirce the radial position is less than estimated the slot
, : area alsu will be less. Try increasing the slot width to

ah < 6.9 (84.5/78.4) = 7.4 in.
Then
n Ah = 22.2 in.
g g
Land
» hy =377-364 = 13 in,

The crown geometric porosity of the adjusted layout
shown in Sketch (¢} is now checked by the calculations
summarized in Table XXX, :

Nots that C_ = 6,44 (hp/N) sin¢ = 50,6 sin ¢;
rough slide rule accuracy is adequate. (Figure 12)

Zs = 239 (48)/144 = 79.6 it

c) The result ie very close to the design value from step 5
above. Therefore, a third approximation is not required.
Since tha vent dirnension was not changed, no size check
is needod here. : :
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TABLE XXX

SUMMAKY OF CROWN GEOMETRIC PCROSITY

— e
Siot he h o= 1 C ah Area
No. | (m) { B | (/g 8670 siné |y | o) | (in. 2/gore) !
{(Yent) | 9 | .024 53 023 | L16 |18 21 ‘I
1.2 | 34,710,992 50 . ,087 | 4.40 | 7.4 33 |
2-3 8.1 | 207 1.2 J194 | 9,821 7.4 73 ;
3-4 j121,5 {.322 | 17,4 2299 1L 7.4 112 |

Per gore Total 239 in. 2

&
" Per Figurs 110 (C}.

8.
9@1'
10,

l’no

Gore Coordinates: C = 50, 6 sin (h/hR} 54°

‘Fullness fuctors: Read K, & K from Figure 54

A

Sail widths: CA %KA C: CB s KB C

Verification of canopy area and nominal diameter:

The calculations required for stepas & through 11 are pummarized
. in Table XXXI. The sample calculations were carried cut with a
"24-inch alide rule, However, use of a dask computer and four-
ple.ce table of trigonometric functions is recommended.

The total area of the slots and sails in one gors is obtained frcxh
the laat colunin in Table XXXIi. '

Arsa = 8649 in, 2 per gors

Se = (8669/144) 43 = 2890 £t°

D = 60,65 fect
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. The ﬁna.l crown gcomctrxc porosity is

: , | =8, -(244.3/144) 48 = 81,4 £°
L : - . 8 ; ,

Mge = 2. 816 %S,

This is slightly greater than the pre‘vioua calculation due'to a
; : small increment added by the fullness factors, :

. . i : :
oo The finished vent dianieter with Cy = 2.28 in, is

| | " Dv 548 (2.28)/ 7= 34,80 inches

. i ; 2 L2
! and sv=952m. ‘= 6, 60 ft

C . =.00228 8,

P :- Note also that the slot between sails 4 and 5 has no diffarential
P fullness bécause it falls in the region above h/hg = 0. 45 (Figure
' 54). This coincidence seldom happens but is harmless. , The
! effective area of the slot is not zero but is less than it would be
normally. Although the transition point on the d;agum can be
treated flexibly as a:h-.nd between h/hg = 0,4 and 0 5, no cor-
! "rective adjustment is called for bocau‘n. in this area of the _
canopy, strength is more important than porosity, The designer °
. could elect the option of adding a fourth ringslot to the canopy at
5 | | thia point, reducing the width of all accordingly.
| i
'12,  Sail pattern dimensions (Table XXXII), b

i ! 1

( ' Add 1.6 inches to C , and Cy

| Add 2.0 inches to .hl i :

+

B |
-
- } .




TABLE XXXII
SAIL PATTERN DIMENSIONS

Sail

No, H A B
1 15,0 3.74 5,14
2 36.5 6.71 11,35
3 12. 27 16,75
: |
5
6 A (etc.) (etc,)
7
8
9

10 36.5 39.72 45,8

Note: A\ The cloth is woven 36,5 +0.5 inches

Calculation of the sail pattern dimensions is not essential to the
preliminary design analysis and can be deferred until prototype
fabrication drawings are needed,

Selection of Materials

Assign design factors that are compatible with the desired safety factors
and a parachute structure of minimum weight:

Component Canopy Lines Risers
Let S, F, = 1.5 1.5 2.0

The design limit load from the loads analysis is the same for both opening
stages

FimM = FrR = Fo = 13,000 1bs
The reefed opening load is for a canopy reefed with a skirt line diameter
DR =9.5%Dg (radial reefing) for which
CDSR = .054 CpS,
= 126 2
CDP = .65
and 8= 194 £t2
Dp=1574

(Figure 47b)

(Figure 55b)

SR SR -

cmniZ) A
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PRI LGSR

: 273

/
Canopy cloth: PR= 1.9 T¢
Tc = 13, OOOInDp
In the crown when reefed:
T = 13,000/ 7 (15.7)

= 264 1b/ft = 22 1b/in,
p,R 34108 lb/ino

Although the possibility of employing 1.1 oz, cloth with PR = 42 lb/in, is
indicated, this likely would be marginal ir a canopy of this size due to the

relatively high dynamic pressure (172 psf) at deployment.
Therefore, use 1.6 oz, /yd? ripstop cloth with PR = 50 1b/in,

The crown area to be covered with the heavy cloth is estimated for Dp = 15,7 £t,
he = (r/4) 15,7 (12) = 148"

Although this extends into ring 4 (Table XXXI) only rings 1, 2, and 3 need be
made of the selected cloth, because the unit load in ring 4 is much less
than T, near the vent.

Checking a transition annulus of:

Dp, = (4/m).5(377/1) = 20 ¢ (Equation 24)
Te = 13,000/m(20) = 207 Ib/ft
= 17,2 Ib/in.
PR=1.9(17.2) = 32,8 D/in,

Therefore, aver the balance of the canopy (rings 4 through 10) 1,1 oz,
ripstop with PR = 42 1b/in. will be used,

Suspension lines and vent lines:

PII{ = 1.9(13, 000)/48 = 515 lbs

Use 550 braided aylon cord
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. ; Radial tapes:
E P'p = 0.9 (515)/2 = 232 Ibs

3 Use 300 1b 1 inch nylon tape

(A 250 1b ] inch tape would be a better choice if such were
available, )

Mid-Canopy Circumferential Band:

B Assume: Sp = .7 Sp,

and Dp=1.1(4 S;,/fr)”2 . (Equation 71 Section 6)

aidiiag sy

3 Spo = (2/3)% So = 1284 £t?

5
1 Sp =900 % Dp=33.9ft (unstretched)
] Dp = 1.1Df = 37.2 ft when ¥ = 13,000 lbs

it

Tc = 13,000/7(37.2) = 111.3 b/t
N = 9,28 b/in,

Location of canopy equator on gore:
b'w 7 Df /4 = 26,6 ft
# 319 inchen

Place the band near h//2~ 160 or the top edge of
ring 5 at by = 141 inches

Under load hy ~ 1, 1 by = 177 inches
by « hy - 22159 inches

Tuon: Ty = 159(%.28)/2 = 738 Ibe
4 Py = 1,91, = 1400 lbs

. Use 1500 1b 9/16 in, tubular webbing.
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| Risers: P.l = &8 :3' 009 = 812¢ lbs

S Although 8700 1b type X webbing at 3.7 oz/yd satisfies the
E strength requirement, 10, 000 1b type XIX webbing at 4.1 oz/yd
' is preferred because of its superior flexibility.

The remaining materials are selected in accordance with the guidelines
given in Section 7. Table XXXIII presents a complete list of the textile
materials that should be used in prototype models of the new 60, 6 ft D,
Ringsail parachute,

TABLE XXXI1I

MATERIAL LIST FOR THE 60, 6 ft D, RINGSAIL PARACHUTE

Member Material Code Specification
Vent lines 550 1b braided cord a MIL-C-7515B Type I
Vent band 4000 1b 1 in, tubular wed| b MIL-W-5625D
Rings 1, 2, &3 1.6 oz/yd? nylon cloth c MIL-G-7020D Type III
Rings 4 thru 10 1.1 oz/yd? ripstop ¢ | MIL-C-7020D Type I
Sailedge tapss: L | 70 1b 5/8 in. tape e MIL-T-5608E Type Il
CLB
M| 90 1b5/8 in. tape f | MIL-T-5608E Type I
CLDB
Vertical tapes 90 1b 5/8 in. tape f MIL-T-5608E Type 111
Radial tapes 300 1b 1 in. tape g MIL-T-61 34A Type II
Ripatop band 1500 1b 9/16 in, tubular
wab h MIL-W-5625D
Skirt band 1000 1b 1/2 in. tubular
web i MI1L.-W-5625D
Suspension lines 550 lo braided cord a MIL-C-7515B Type II
Risars 10,000 1b 1 3/4 in. web i MIL-W-4088D Type XIX
Reefing line 1000 Ib braided cord k MIL-C~-75158 Type IV
Thread & Cord aylon B V-T-295 Type ICL )
E
F
#6

The prototype preliminary design is completed and presented for move
dotailed analysis in Figure 111,

Hardware

BReafing rings: Use part No., USAF48H7995
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2.28 (Ref) a,b
13
—‘I Eb (Ref)
c

| SO

359 (Ref) \

359 o ™\

{=hg-hy)

(*)= Material Code
from Table XXXII

§F
M i (Ref)

IRef) (

Gore Layout Parachute Diagram

Figurs 1il. Prototype Design Dimensions and Materials for
60, 6 ¥t D, Ringsail! Parachute




Line to riser links:

Proof test load P = 13,000/4 = 3250 lbs

PR = 1.5 P = 4880 lbs

Use MS22021-1 speed link (if qualifiable) for minimum weight
(. 184 1bs), otherwise use AF52B56660 "U" link,

Preliminary weight estimats

The parachute structure falls in the medium weight category for which
Wp = 51 tbs (Figure 53)

The probable pack weight is:
1,12 Wp = 57 lbe

The pack volume for different packing methods would be:

Methad 1b/in, 3 Volume in, 3
Manuai (hard) 016 3560
Light prees « 020 2850
Heavy preess . 024 2380

B2 o
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APPENDIX D

SPECIFICATION, TRIP SELVAGE CLOTH

INTRODUC TION

i.l PURPOSE - This Specification contains requirements for the
fabrication, inspection and control of one type of reinforced
selvage for uge on parachute cloths.

1.2 SCOPE - This Specification shall be used only in conjunction with
a specification for parachute cloth,

1.3 APPLICABILITY - This Specification shall be applicable when
specified on the Engineering Drawing, on the Purchzse Order
or in a Material Procurement and Desiga Specification for
parachute cloth.

1.3.1 ADDITIONAL CALLOUTS - In addition to calling out thie
basic specification, the ic,ll_owing itemes must aleso ba
specified:

{a) A Specification for parachute cloth

(b} The nominal width of the parachute cloth

(¢} Governmont Source Inspection, when apphcable
{P. O, only)

REFERENCES « The latest revision of the follawing dacuments (orm a
paxt of this Specification io the extent specified herein:

FEDERA L

Textile Test Mathods CCC-T-191
MILITARY

Cloth, Nylon Farachute MIL-G-7020

Cloth, - Nylon Parachute MIL-G-7350
REQUIAEMENTS |
3.1 WIDTH

3.1.1 NOMINAL WIDTH OF CLOTH - The nominal width of the
base parachute cloth shall be specilizd on the Engineering

Drawing asid shall be seiected irom the list shown in Table L
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3.1.2 WOVEN WIDTH OF CLOTH AND TOLERANCES - The
woven width and allowable tolerances for the finished
: cloth with reinforced:selvage on both edges shall be as
shown in Table L.

TABLE I: WIDTH REQUIREMENTS

f . Nominal Width }‘ Required Woven Y‘Jidth—l
' Of Cloth Specified | And Tolerances |
! {inch) ' {inch) ;
4c ; 42 1/2¢1]2
36 ' 36 1/2x2)/f2
24 ' 24 1/421/4
18 , B vfar1/d
L. . L | US|

3.1.3 WIDTH OF SELVAGE - The width of the reinforced area
of each salvage shallbe 1 /2 2 1/16 inch.

3.2 MECHANICAL PROPERTIES OF THE REINFORCED SELVAGE

1 |  3,2.: MINIMUM BREAKING STRENGTH - The minimum breaking
E. ' strength of cach reinforced aclvage in the warp direction
= i shall be as followa:

§; {miln) - 1,38 35,
where.
5, (min) - Minimurn breahing streagth of the
reinforced selvage in the Warp

direction in pounde per selvage. .

S. i Breaking strength of the base sloth
in the Warp direction in pounde per inch.

3.3 TEAR RESISTANCE - The resistance of the reinforced selvage to

both Tearing atd Wasve separation shall be increased to the great-
st extent possible Ly suitable locking warp memberes in each edge.
The exact construction shail be left to the discretion of the fabrica-
tor but every effort shonld be made to obtain maximum resistance
for these properties while remaining compatible with the other
requiremients specified levein.




3.4 CONSTRUCTION

3.4.1 WEAVE - The weave used shall be at the discretion of the
fabricator but shall be compatible with the requirements
shown herein, ‘

3.4.2 DESIGN - The reinforced selvage may be integrally woven
with the cloth or it may be woven separately of plied threads
provided the finished cloth satisfies the requirements shown
herein.

3.4.3 MULTIPLE WIDTH WEAVES - The 18 inch cloth only may
be woven in two parallel widths provided all inside, rein-
forced selvages are effectively locked against fraying by
suitable warp members.

3.4.3.1 FILLING WIDTH - The width of the filling space
between inside selvages in multiple width cloth
shall be 5/16 £ 1/16 inch.

4. QUALITY ASSURANCE CRITERIA

4.1 SAMPLING

4.1.1 SAMPLING FOR EXAMINATION - Sampling for Examina-
tion shall be in accordance with MIL-G-7020,

4.1.2 SAMPLING FOR MECHANICAL PROPERTY TESTING -
Sampling for Mechanical Property Testing shali be in
accordance with MIL-C-7020, Sampling Plan B.

4.2 METHOD OF TEST

4.2.1 EXAMINATION - Both Yard-by-Yard and Overall Examina«
tions shall be conducted on the selvages in accordance with
MIL-C-T7020,

4.2.2 MEGHANICAL PROFPERTY TEST - The Breaking Strength
of the selvage alone shall be determined in accordance with
CCC-T-191, Method 5104, ! with the following exceptions:

{a) The original specimen shall be approximately 3/4
y inch wide, 6 inch minimurm length, and shall include
] the selvage plus approximately 1 /4 inch of the base
cloth, It shall be taken in the warp direction.
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(b) The warp threads of the base cloth shall be removed
.by raveling until only the actual selvage remains.

(c) {The remaining selvage shall be used as the test
pecimen,

(d) he selvage breaking strength value shall be reported
pounds (per each selvage).

4.3 ACCEPTANC};} CRITERIA

4.3.1 EXAMI\NATION

!

4.3.1. 1, DEFINITIONS OF DEFECTS - Defects shall be
as defined in FED-STD-4,

4.3.1.2) CIASSIFICATION, FLAGGING AND ACCEPT-

| ABLE QUALITY LEVELS FOR DEFECTS - The

" claasification, flagging and acceptable quality
levels shall be in accordance with MIL-C-7020
and, in addition, the defects shown in Table II
sha!l be claseified as shown and full allowance
given for each in determining a.ceptable quality
levels.

TABLE II ADDITIONAL CLASSIFICATION OF DEFECTS

MAJOR DEFECTS { MINOR DEFECTS ]
Multiple Floats over 1 /8" ;  Loupy or Stringy Selvage projec- !
square, | s up to 1716 inch i

t i
i

faose Selvage in which the scaliops
cannot be pulled stwoth under a
tension applied to the adjoining

| fahric, equal te or less than 5% of
¢ he nonunal strength of the fabric.

Stringy Selvage showing
separation or looseneas.

Loops in Selvage extending in
excess of the 1/16 inch,

Taight Selvage in which the fullness
i the adiowning fabric cannot be
pulled smonth under a tension ap-
plied te the selvage, equal to or less
than S0% «.f the nominal strength of
the selvage.

Fuzzy selvage indicating
frayed or broken warp or fill
threada.

. — y—_




4.3.1.3 ALLOWANCE FOR DEFECTS - An allowance of
1/2 yard shall be added for each major defect.

4,3.2 MECHANICAL PROPERTY - The minimum Breakirng
Strength of the selvage shall be shown in Sectioa 3. 2.

~

4,4 CERTIFICATION AND TEST REPORTS - A statement of con-
formance to this Specification and a report on the Examination
shall be included in the Certificate of Conformance and Test
Report for the hase cioth,

4.5 ACCEPTANCE - Acceptance or approval of material in the course
of fabrication shall in no case be construed as a guarantee of the
acceptance of the finished product,

4,6 QUALITY CONTROL OFTION - Quality Control shall have the
option of requiring the reinspection of the product, regardless
of prior inspections.

4,7 REJECTION - Material not conforming to the requirements
of this S»ecification is subject to rejection.

4.7.1 RESUBMITTAL OF REJECTED MATERIAL - Rejected
material shall not be resubmittal for approval without
furnishing full particulars concerning the previous re-
jection(s) and the measures taken to overcome and/or
eliminate the defects.

5. PROCUREMENT CRITERIA

5,1 GOVERNMENT SOURCE INSPECTION - The Purchase Order shall
specify Government Source Inspection when required.

5.2 PACKAGING, PACKING AND MARKING - The Packaging, Packing
and Marking shall conform to the requirements of the applicable
specification for the base cloth,

&
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APPENDIX E '
RINGSAIL PARACHUTE DESIGN COMPUTER PROGRAM WG 176A-10
This Appendix presents a ccmputer printout of tha Riagaail deesgn prograimn, - -

WG 176A-10 referenced in Section 5, page 136, Included on the bottom of
page 358 and all of page 359 is sample input datas to 2id the uger, .

PROGRAM VO DESIGN RINGSAIL PARACHUYVES

(2 Ne Ra

REAL LLW R
CORMDN/CDATAZCLOX(SQ) «DOXE{50),1CD
CONRNON/RGYBL/PSVRISG) o PRSLISOY,IPD
COMMOM/CNTRL/VCB(156G) 4CYRLCI0D)«TITLE(]1Z)
COMNON/EULDAT/HHR (500 o XKA(S0), XKBIS0 ), I¢D
COMMON/SAILS/ZXALISO) o XB(S0) o XAB SO} o XAPY{SEHY (SALMNGT {50!
_QQ!NQN/RFAD‘T/CDSoDSUBUQDlLoSLSILCDOeXNOwXH

o XLSoXLR,DV ¢ XHRy SALNO, SEAN, ¥I.NO

2 +CRANG 'CCOEF.CKOEF.GRCOEcRLCOt;PESLOv XNHBR
3 aSLW LL W SAH VAR RYWRON VLN
& +CRNPOR, GEOPOR, TOTPTR  CLHPOR, YNTPOR, XTXRU

COMKONSSDATAZSPC50) o SLARA o XHT o THV o NNBR o XXC O  ANRAD SLTAR(S0)
LOMMON/SDIM/XYY(2,50) o XYCALS50) o XYCBISO) o XV (24300 o XYH{S0) 4 X¥A (50}

1 XYP(50) 4 XINU,XAREA, VAREA,IS150),RETOP{S0Y,RWBOT(B0),{X(56G)s _
2 PRCRN,PRGOR.PRCLTHsPROTOLASATL ¢ ART50) 50 S
DIMENS 10N ROCHK(35) (STDRD(35) I XXX(10),ADA(35}

EOUTVALENCE(RDCHK (1) ,€0S)

: DAUBLE PRECISTON ENDATA,ENDYST,VCB, YITLE,ADA -

; DATA ENDATA/ZCENDATA®/ . - -

READ PROGRAM YOCABULARY DATA

coLs DESCRIPTION T
2 - & STARTING NUMBER JJ -
-9 ENDING.  NUMBER KK_
Y - AS REQUIRED - ADDITIONAL VOCABULARY WORDS vEa{1l
IN GROUPS OF SIX LETTERS OR SPACES

e ... NINE WORDS OF SYX LEVVERS MANXIMUM

USE A4S HMANY CARDS AS REQURRED WITH LASY TARD 2§ FOLLTWS
COLS 2 = & AND % = 7 MUST CONTAIN 15) N
COLS 11 = 16 MUSY CONTAIN THE LETYERS °ENDATAC

VOCABIL ARY DATA AS us&o IN PROGRAM WG17Y6
1 10 CHUYE DIiA, x  CANOPY AREA GRAG AREA  NO, OF GORESL/CuTY
11 20 € DIAJDES.CDD RIGGING LOGFPHLINE LENGTHN RISER LENGTHGORE L
21 20 ENGTH 6,44 HP/N  VENT RADIUS VENY DIA., OVLAMBDA SUB C SUB G
3] &0 SUR T SUB MSATL AREA W SUB R 7 D FEEY $Q.FT. INCHESPDUNDS
&1 S0 PERS. SO.IN.§YS, MEIGMT - - TOTAL AREA OIAMETER NO, OF
§] 52 RISERS NS - S

AT AIONTIAANAICRIGO

) mﬂm\m‘wmém.




T £158150  ENDATA
e o ‘ ’ T . :

S READ{5.3030JdsKE  EVEBIR etz ddoKKT - !
PFEVCA(LI1NELENDATRNGY TOS o L

" READ PARAMETRIC €D DATA

caLs 'DESCRIPTION .

1 - 10 - VALUF OF €00 - coox( 1)

1t -~ 20 VALUF OF CORRESPONDING O SUB O - -aoxetw

USE AS MANV CARDS &S REUDUIRED {80 MAXY ' :
T LAST DATA C4RD TO BE FOLLOWED BY .CARD WITH Enoatﬂ IN CBLS 75 = 80

OO ANO O

{=0 ’ ' , : - i ' ’
10. I=14+1 ' ' b
~ READ(%,3023CO0X(T),D0XUL), eunrsr ' ‘ ;
OOXE 1) =00X{ 11%12,90 . \ . :
zcse~orsr,ns ENDATAGO TO 10 ' :
ICo=1-1. ‘

BEAD PARAMETRIC CODO MOD VS LINE tENGTH DATA

e NESCRIPTION '

1 - 10 PFRCENTAGE VARTATION PRODUCED IN CDO I pSYR{N)

11 ~ 20 . PFRCENTAGE VARIANCE FROM 0PTIMUM ~ ORSLUI}Y
RIGGING LENGTH ‘

LAST NATA CARD TO 3E FOLLOWED BY CARD WITH ENDATA IN COLS 75 - 80

USF AS MANY CARDS AS RSQUIRED (50 MAX) .

CIITICYE TDAOIDY MO

1=0 ’ ’ '
12 T=141

RFAD('.SOZ)PSVR(Y) PRSL(Y!.E&RYST

TE(ENDTSToNE, ENDATAIGO YO 12

{Ph=t-1 . ' )

PEAD FULLNESS DISTRIRUTION o 3 ;

coLs NESCRIPYION . !

t - 10 : VALUE OF THE RATIC H/HR \ HHRLT)
11 - 20 VALUE 0OF KA XKA(T)
21 - 30 VALUF OF XB . ‘ XKB(I)

USE. AS NANY CARDS AS REQUIRED (50 MAX)
LAST DATA CARD TO BE FOLLOWED 8Y CARD WITK FNOATA IN. COLS 75 - 80O

120 ' : : ,
14 1=2]+} g
READIS 306 HHR (T ) XKA(I) XKR(I).FNDTSF !
TFIFNDTSTANELELIDATAIGO TN 14
IFD=1-1. . b

Iz Xal

READ INPUYT DATS
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9599

3 B o X o The ]

iz e Ra Ts Ralte IS W oW

DAYA CARD NO' 1

DESCRIPTION

] N -
' - |

coLs

1 72 TITLE TO APPEAR ON DATA. TITLEC12)
80 ' CARD SEQUENCE NUMBER , MUST CONTAIN 1 1XxX (1)

REAG(S'BOOD(TITLE(J)'J*IoLZ}lexxllb-

THITIACTEE SATL MATERTAL WETGAT '

D0 9 JuleS0 ~ : :

SALNGT(J1=0.0 - L ,

DATA CARD NO 2 o .

COLUMNS: - DESCRIPYION
1 =10 CDS OF PARACHUTE tSQ EY) - DS
11~ 20 © DIAMETER OF PARACHUTE (FEET) DSUBG
i1= 30 DESIGN LOAD (as) oIL
t1= 40 ADJUSTED SUSPENSION LINE srasnerw (Las) SLST .
al- 80 DRAG COEFFICIENT c0o
S1- 60 NUMBER. OF GORES | XNO
61= TO WIDTH OF SATL MATERIAL  {INCHES) XH

80 CARD SEOUENLE NUNBER , MUST CONTAIN = 2 TXKXAT)
] 1

READLQL“QA_QDS.DSUBD.DiL'SLSToCDO.XNDoXH.i XX(2)

"DATA' CARD NO 3 , | |
toLs DESCRIPTION | ’
1 - lo SUSPENSTON LINE LENGTH (FEET) XLS
11- 20 RISER LENGTH LINCHES) XLR
21> 30 VENT DIAMETER ( TNCHES) ov
31~ 40  GORE LENGTH {INCHES? XHR
41- 50  NUMBER. OF SAKLS . SALNO
S1- 60 MIDTH OF SATL MATERIAL asou:aeo FIR SEAM (INCHES) SEAM
£1- YO NUMBER OF VENT LINES VLN

80  CARD SEQUEMCE NUMBER_ , MUST CONTAIN . 3 IXXX (1)

READ15 43041 XLS o XLRyDV o XHR s SALNO . SEAMSVLND o IXXX(3) . ,

1 | ND ,

NATA CARD NO & o '

roLS ' DESCRIPTION , o )

"1 « 10 CROWN AKGLE , 1 (DEGREES) CRANG
11- 20 | COEFFICTENT ANGLE FOR GORE WIDYH  (DEGREES): CCOEF -
21= 30  COEFFICIENT FOR GORE WIDYH C 3 CKOES
31~ 40  GORE LENGTM CORFETCTENT . © GRCOE
¢1- S0 RIGGING COEFFICIENT ALCOE
51- '60 PERCFNTAGE OF GORE LENGTH MITHOUY SLOTS (PERCENY) PESLG
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18

61— TO  NUMAER OF SLOTS XNHBR
80 CARD SEQUENCE NUMBER , HMUST CONTAIN 4 IXxx¢t)

READY5+304 L CRANG CCOEF,CKNEF ¢ GRCOE¢RLCOE ¢ PESL O+ XNMBR  IXXX{4)
DATA CARD NO S

coLS DESCRIPYION

1 = 10 WEIGHY OF SAIL MATERIAL (LBS/SQ FTH SLw
1= 20 SUSPENSION LINE WEIGHT (LBS/FT) LLW
2i= 30 SKIRYT BAND WEIGHT (LBS/FT) SEM
31~ &0  VENT BAND WEIGHYV (LBS/FT) vew
&1~ SO  RADIAL TAPE MWEIGHY {LAS/FT) RTW
£1- 60 RISER WEIGHT (LBS/FT) RSHW
81- 70  VEMT LINE WEIGHT {LAS/FT) VLW

8C  CARD SEQUENCE NUMBER , MUST CONTAIN 5 IXXX(TY

READCS5 1304 SLWoLL Wy SBWy VEH+RTWoRSH¢VLW, IXXX(S5)
DATA CARD NO 6

coLs DESCRIBTION
1 - S0  INFORMATION REUATIVE YO SATL REINFORCEMENT 1S(1)
COLUMN NUMBER CORRESPUNDS TO SAIL NO,
iF COLUMN BLANK <~ NO RETNFORCING
IF 1 IN COLUMN = REINFORCED TOP ONLY
IF 2 1IN COLUMN =~ RE[NFORCED TOP AND BOTTOM
80  CARD SEQUENCE NUMBER , MUST CONTAIN 6 IXXX(1)

READ(5+321) (1SEJ)od=1,50),1XXX(6)
DATA CARD N3 7 -
LoLs DESCRIPTION

1 - 50 INFORMATION RELATIVE TO REINFORCING TAPE WE[GHT
COLUMN NUMBER CORRESPONDS TO SAIL ND.

IF CPLUMN  BLANK - THIS WEIGHY TAPE NOY USED ON
SAIL
IF 1 IN COLUMN = THIS WEIGHY BOTH TNOP AND BOTYOM
IF 2 IN COLUMNN - THIS WEIGHY TOP
1# 3 IN CILUMN = THIS WEIGHT BOTTOM
51~ 60 MEIGHY OF REINFORCING TAPE (LBS/FOOT)

70 IF THIS tS THE LAST REINFORCING TAPE CARD PUT A 2
IN YHIS COLUMN
DATA CARDS TA THRU TIN) N = NUMRER 0OF CARDS REQUIRED
SAME AS CARD NO 7 NOTE A 2 IN COLUMN 70 OF THE
: . LASY CARD ONLY
80 CAPD SFQUENCE NUMBER , MUST CONTAIN 7 IXXxe1s

READCS 43221 0IX(J)od=1 500 RETH KTESTIXXX(T)
0N 1150 Jsi.4%0

320




et e e DS

TFLIX(JI.EQ.O0 16O TO 1150
TECINEJ ) EQ. 2)RHTOP(JI=RFTH/L 2.0
1EQIN{J}EQ.2160 TO 1150
IFIIX(J).£Q. 3160 TO 1149
RWYOP( JO=RFTH/12,0

1149 RWBOT(JIaRFTU/12,0

1150 CONTINUE
IF(KTESY,EQ.0)GO YO 15

DAYA CARD NO #

coLs _ _OESCRIPTION = o
1 -« 10 OESIRED CROWN POROSITY {PERCENT) CRNPOR
1%~ 20 DESIRED GEOMETRIC POROSITY {PERCENY  GEDOPOR
21~ 30  DESIRED TOVAL POROSITY. {PERCENT} TOTPOR
31- &0  POROSITY OF SAIL CLDTH (PERCENT) CLHPOR
41= 50 PORDSITY OF VENT {PERCENT) VNTPOR
8] = §0 __ MUMRER OF RISERS (1 XMU
80 CARD SEQUENCE NUNBER . MUST CONTAIN 8 IXxXxer)

READ(5 4304 ICRNPOR s GEDPOR, TOT PORy CL HPOR s VNTPOR o X TXMU 4 DUN o 1XXX( 81

DATA CARD NO 9

coLsS DESCRIPTION
1 - 50 [NFORMATYON RELATING TO SAIL MATERIAL AND SAIL WUMARER
COLUMN NUMBER CORRESPONDS TO SAIL NUMBER
{F COLUMN TS BLANK ~ STANDARD SATL MATERTAL Will BE USED
IF * 1 ¢ THIS WEIGHY MATERIAL WILL 8E USED
€1 - 60 WEIGHT OF SAIL CLOTH YO BE USED
70 IF THIS IS THE LAST SPECTAL WEIGHT PUT *I' IN THIS COL
DATA CARDS 9A THRU 9{N)  N=NUMBER OF CARDS REQUIRED
SAME AS CARD 9 NOTE A 1| IN COLUMN 70 OF LAST CARD ONLY

c.ocanaciochnon capoaidonInn

E 1115 READ(S.322)(1X(J)edn1450) o SPSWT (KTEST,IXXXED)
- DO 1116 J=1,50
e TFUIX1J1.EQ.0VGD TO 1116
. SALWGTIJ)=SPSHT/ 14440
! 1116 CONTINUE
TFIKTESTLEQ.MIGO TC 1115

5 '
# C READ _DATA CARD NO 10
N c
y ¢ coLs DATA SYMBOL
b ¢ 1 = 10 DIMENSION DOWN YO FIRSY SAIL XHV
» A d i1 ~ 20 MEIGHT DF TOP SATL XHT
- c 21 - 25 SLOT DYMENSIONS SLOT NO 1 SPCI1)
3 c 26 = 30 , 2 SPC(2)
o ¢ N - 3 3 SPC(3)
L < 36 - 40 4 SPC(4)
4 ¢ &1 = 45 s SPCS)
gy
b t‘
n Vday
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1151

11852

1170
16

2115

4% - 50 6
5y - 8% 7
£6 - 60 8
61 = 65 9
66 ~ 70 10
7 -5 11
79 ~ 80 CARD SEQUENCE NO, MUsY 8¢ 10

REAN(S+338) XHV o XHT (SPCETY o Tx1e11},IXXX(10}
FORMAT(2F1060411F5,003Xe12) .
CHECK CARDS FOR COMPLETENESS AND ORDER

na 1151 I=1,10
IFLINXX{T)NELTVIGDY TO) 1152
CONY TNUE

GO TO 1170

WRITE FRROR MESSAGE REGARDING INPUT DATA

WRITE(64323)1
CALL EXTT

INITTALIZE CONTROL DATA

ne 16 t=1,100
CTYRL(TV=0,0

CONVERY DAYA YO PROPER UNITS

XXSLT=20,0

no 2116 1=1,11
XXSLT2aXXSLYeSPC(T Y
CONTINUE

TFRIXXSLY NE,0,0)CTRLIGS)=2,0
CNS=CDS%144,D
NSUBN=NSURNSL2,D

XL S=XLS*12,0
CRANG=CRANG®, 017453
CCNEF=CCOFF®, 017452
SLW=SLW/164,0
LiwsLLW/12,0
SAWeSAW/12,0
VAW=VRW/12,0
RTW2RYW/12,0
RSW=RSW/12,0
VLW=VLW/12,0
CRNPNR=CRNPAHR/100,0
GEOPNR =GEORAR /10N, 0
TOTEM=TNTPNR/100,0
CLHPMR =CLHPOR/100,0
VNTPOR=VYNTPOR/100,0

328

SPC(6)
SPC(T!}
SpC(8)
SPC(9Y
SPC(10}
sec(l)
IXXX€¢10)




B
.
f% : TESLOPrSLD/Z100.0
3 TAMU <X 1 XMU
H £ ST
y ¢ INDTISUEZE &7 GNDARE FALIES
i ¢
- VRUCEREL R )
ﬁ: : 13 SYORGI Y=, 0
‘W? : STORD(7Y=36,0
S SYDRD{9)*3640
. STORD( 129r.1.6
E STORN(15) 426180
| STORD(16)~,94248
. . STORD{L 7Y »6,44
- STORN(18)=, 523
: STORDI19)e)e1S
; SYORE(20)1=20,5
b STDRD(29)=,02
. STORD {331,009
3 ¢
p C CHFCX FOR SPECIFICATION INPUT SEY CONTROLS
C

DO 1100 l=1,34
TF(RDCHK( 1) oFQ.0.0)CTRLITIN1,0
TFCCTRUET)(EQ.0,0)G0_TO 1100
1 IFISTDADITIANEL0.O}CTRLIT )0, 0
! ROCHK( 11=SYDRD! [)

' 1100 CONTINUE

CHECK REINFORCING YAPE DATA

(2 KXo Xal

i ND 1053 J=1,%0

! TRCLISUIVGEQUL) o ANDL LRWTOPTI U EQe0.0))GO T 1054

| TECLISIAYFOu2) o ANDQEIRUYOP(Y) o EQs04Dialiho IRWBNTII)9EQ60,0V1)60 YO
1 10%

1043 CONTINUF
GO0 YO 10%8

1054 CYRL(3A)=],0

WRITE INDUY INFORMATTON
1008 CALL (~thata
PETEaw NG 18 CHUTE CAN BE OFSIGNED
TFCIGTAL 21)eCYRLE21D LY, 2.00G0 TN 9%
WRITE FeRoR JITPYY 1F CHUTE CANNOY BF NDESIGNED

(a2 Nal aBaNe] o e Nel

TULY MRETECACINUILVITLRL dY ¢Jwl el 2)
. WRITE (6o Y0S5)
LN CALL EXTY

329




o ks -

CHECK FOR CDS PROVISION

[aXa Nl

Q4 WRITE(6.330)
330 FORMATI23IH] CHUTE CAN BE DESIGNED)
TFICTRLE2)4€EQe0.01G0 TO 18

CALCULATFE SO CDO NSUBO WHEN CDS TS GIVEN

(3 NeNal

CALL SOCAL(SN.0)
60 YO 20

CALSULATE SO CDO COS WHEN DSUBO GIVEN

(2 Xa N gl

18 SN=3.141880SURDe¢2/74,0
CALL SOCALISO.2)
HRITF(6.331)10SURD.CDS+S0,C0R0
331 FORMAT(14HO SOCAL CALLED,4E12,3)
20 TFECTRLI8)1.EQ.0.01GO TO 1021

SUSPENSINN LINE LFNGTH LENGTH NOT PROVIDED  CALCULATE RIGGING
LENGTH

YOI

XL=RLCOF*DSUAD
_ CTRLI8I0,0
N Gh TO
‘ 102) ¥LeXLSeXLR

1F GORE LENGYM UNSPECIFIED CALCULATE GORE LENGTH

(2 e Ko ]

Q1 XLS=XL~XLR
CYRLEON) =KL
TFICTRLILLDLED.0.,00G0 TO 22
ANReGRCDESNHSYBN

SFY BOYYOM LINIY ON GARES

oM™

3 22 LONUs, Y64DSURD/12,0
SET YOP LIMIT ON GORES
1HNUe, 8RSHSURANLL 2,0

DFTEANINE NUSATR (OF QISERS

la Nl [ 2 e e ]

120
TFCINMULNELOVGO YD 2222
1 TXMYmb O
3 TF(LONUL LY. 201 1¥Wye?
4 TE(LONUGGT, 600 [XNus
3 1F(LONULGT,80) I Xdyn8

330




2222 xinysixry

' 252%312%a)

(2 B ¥ ]

[ R u Nl

sl a kel

23

246

12¢

2024
1123

NG MM OOm™

32

SEY GORE NUMSER 2Y STANDARD SEY

IF MO Of GORES UNSPECIFIED CALCULATE NO
IFICTYRLU6).€EQ.0,01G0 YO 2023

TnfeIXNY

TFUT.GTLONU)LAND. (1L T, THNISSIGC YO 26
60 Y0 23

RETERNINE [F GORES CALCULATED FRON LOADS

XNO=1
TECECTRLCYLOCTRLIA))oNEQOLOICTRL(34Ve1,0

TFICTRLE34).F0.1.01G0 YO 1128
1F LOABS PROVINED CALCULAYE NINIMUN LINES
XXNOw{DZL/SLSTI®) O

TXANDe INTEXXNOLeL

t=0

1€ LOAD PROVIDED DEVERMINE N0 OF GURES

Tele Ny

TEETLLY, EXXNDIGO VO 126

XNO= |

&0 YO 1128

CHECK T6 NO OF GORES 1S COMPATABLE

AXNQw XN 2% 1Ry

TEOLAENT EXXND) ~NXND) ,£Q.0,00560 TO 1128

WATTE(S, 2024) _
FORMAT(SIH REQUESTED GORES IMCOMPATADLE TAKING ALTERNATEROUTE)
GO YO 23

MRTITECS . IIPPEND, X TN, XHR

FORMATE22HO GORES AND RISERS SEVedE12.3)

CHECK [P NO OF SAILS PROVIDED

IE(CYRLI12).EQ.1. 0160 YO 29

I1¥ GARE NATA GIVEN DYPASS SALL NO CHECK
IFLCTRLIGS) EQ. 2. 0)GD TO 2%

IF SATLS PROVIDED CHECK IF RUMBER COMPAVARLE

TR SALNOSXNLGY XHRYISO TO 1126

m



ey

G ey tuigad i DO

oot

[ XnNe]

11246

MO

e Ra s s Xa X

O

Ea )

[2%e N SN2 e ¥a

-~

50 T

5

24

X XY X = )XHR=SALNO®XH
YYYXY=CKDEFS{ XHRZXNO) sSINIXXXYXSCCOEF/XHR)
XXXXn XXXYX®YYYXY/(2,0¢S80)

1 XXX e LY.GEOQOPORIGN TO 25

MRITE ERAROR STATEMENT REGARDING SAJLS
WRITE(6,2D1ITITLE

WRITE(6H4324)

CALL EXIY

NETERMINE SAIL CNONFIGURATION UP TO STARY (F SLOTS
ESTARL ISH CONSTANTS

1=

AXCOECKNEFS{ XK FUANO)

ANRAD=(COEF /JXNMNR

Y= XHR

vSTOP=XHR=-PFSL OeXHR
IFLCTRLLIOSVaEQe2. DI VSTOPuXHR={ SALND={ XRNBR® 45 ) Y 0XN
NDELY=XM

Telel

DETFAMINGE POSIVION OF ROTTAM OF SAILL
XVVEL, 1)ay

DETERMINE GORE WIOTH AT AOTTOR OF %4tL

CCCeXXUOESSINI YO ANRADY
YWELL 1 Va0

DETEBMINE FULLRETS CONSTaNT

CNS Y=Y 2 XuR
CALL RAETIONST JXSKDBW 1Y

NETEAMINE EREF SATL ROVTNW DIRENSION

KYCREY VuyxXKBeCCC

DETERMINE SAlL BOTTON CONSTRUCTION DIMENSIIN
KBTI YaNv(BLIYSSFANM

SEY RATL HFIGHY

AYHE ) =DELY

NETERMINF C0STTION OF YOP DF SATIL

332




PO p—_

Ye¥~0ELY

XYY (2,1 )=y l
g DETERMINE GORE WIDTM AT TOF OF SAIL
¢ CCCuXXCOESS IN(YOANRAD) -
XVC(2e 1 V%CCC .
E NETERKINE FULLNESS CONSTANY
¢ CNSTuY/XHR
CALL KSETECNST,XX¥A,2) ;
; DETERMINE 'FREE SAIL YOP DINENSION
XVCAL :f"-iikniié'c" ) T T
,..gmnevgwsg SAIL YOP CONSTRUCTION DINENSION

XALT V= XYCALY )oSEAN

W T e W ST T T W e ¢

‘c——-——-‘ - n - P OV
¢ CKECK FOR END OF KO SLOY REIGON
€

ir~___1£!7q5fsV§70’)§ﬂ X026 . .. - ¢ e e
C SET NUNRER OF SATLS WITHOUT SLOTS
I S - s et : ———
Slt NO=t
MRITECA,. 333 )SALND

323 _FORCATI29HO SATLS WITHOUY SLOVS SEV,E12e30
c ‘
c NEYFRNINE POROSITY INFO

CaLL SLOCAL

WRITELALINATASATL
336 FORMATIZIHO VENTTILATION RATIOQ SEt.Ex
c

S e il T _n-—-—- P L

€ CRECH ‘F‘UE’GWY CalN &E 05?5'"'"50
— T s e an
TFICTRLI23V,EQ.,0.00G0 TO 1184
8 _LINR
—— rt'l'ga'ﬁﬂoo
11086 i‘lf'ﬁtlt‘laEF.Q.ODGO O “"
VLND=ANN /2,0
L cTRLIleten,0
1108 DD A% 3522 ,28
83 CTRLIISI=CTRLLASIOCYRLEYY)
CTRLIISI=CTRLIIS I ACTRLEDSD
IFLCTYRLIVS I NEL 0., D) GO0 YO 100G

¢ IF SUPFICIFNT WETAKRY DATA CALCULATE CHUTE MEIGHT




)
P
i3
i
v

A7)

IaRala N le Wo Tl W Wo )

[xNuNal [a 2 Nal

CALL WEIGHT(NGY)
CTRLE9Q)=UGY
GO TO As

1084 WRITE(OHIOYITITLE
WRITE(6,325)

CALCULATE CRUTE PGROSITY
86 CALL PORSITE2)Y
WRIVE QUTPUTY

CALL OuYRY
300 FOAMATEY2A6,7X,11 1)
101 FNRMATIIML ¢ 24X ,12A6)
W02 FOPMAT(2F10,0,54%, 4610
Y0Y FORMETIIX 2133, 1044}
106 FORMAT(YFYID N.9%,11)
A0S FNPRATVILAHD INSUFFECLENT DATA PROWIDED YO DESIGN CHUTE!}
08 FORMATIIFIDL D sbdx a2 0)
INT FOFMATEIMO.24X 412460
A0R CORMETEIHLI LA2X,45HR T N T S A T L CHYYTYE DES TGN
300 FORMATEIX JAGFIN 3 1XuAbe12XedASF 10301 X0A0012KeVA6:F100341X0A0)
Y10 FORRATIIN )
WY ENRNAT LA CMETK fIN ARER AND DIA. FROM SATL SURNATIONY

2 FORNATLIHO J4IX, 4258 O R § AND SAf L DESTGWN)

LY FORMATE SARPSAlL GISTEANDE  SATL MIOYM  SAIL MIOYH GORE WIDTRH
1 HETEHY FREF Salt AREA)

314 ROMMATE Qi:e N, FAOM APEX LESS SEAm AT S4A5L
1 N Saty 58s §v. PERLENY £0)

AR PORMATINMD TP, ¥, 60 1P, 0)

V16 FORMAY X, 12, 50K, )7, ")

YT FORMATI T APTYON, 4882, v)

WS FARWATISOE, JINCSINT INUES) /}

19 FORMATVHIOMOSLNTY NO, 11,420, 3F§2, 1)

V2D SNRRATIIOHDUENTILATION COESCENT SLOYV,51X8,2F12,.%)
A2 LARKAVIAA]L .Y, PN

22 FOPMATISOIL 100, 90 1L 1Y :

AP FNURATIIGR QAYA 2R WISSING OR MUY (IF OROER.S$¢,12)
Toe EOEMATEITHOINPRNORG N OF SAILS GIVEND

OLDNSARY ¢ 3undg 1S ARl (N POOREAM 46174
ASAty VERTILATEON APES OF ¢ DHER SAILS
ree CARPE GinTY AT BAINT §N QUFSTEON
rroee = TOVE L TRRTY ANGLE FQR DEYEQRMINIMG T RORINALLY =84 DEG
ron « FATSBLISHEN NRAG COEEFICIENT OF Q2EiSR ' ‘
COOYEIY - CNY DATA % TRE €D Y8 NN PERLY

£os - DFSTVED DEAS AUFA NF SARICNTE  INEMES

33
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MNP IO o ym ﬂ-ﬁﬂnﬂﬂﬁﬂﬂﬂﬁﬂﬁﬂﬂﬂﬂﬁﬁﬂh‘\ﬂﬂﬁﬂﬂﬂﬁﬁf‘iﬂ

CXOFF = COEFFICIENT FOR NETERMINING C NOMINATLY®b,44
CNEY CONSTANT FOR FINDING FULLNESS COEFFICIENY -
CRANG = CROWN ANGLE NOMINALLY = 15 DEGREES

CRNPOR -~ CRDMR POROSTYY DESIRED

CYRLUL) ~ CONTROL MUMBERS AND LOGIC DATA (SEE ASSIGNMENTS?Y
OAYY DUTPUT DATA

DAT2 OUTPUT DATA
NATA OUTPUT NATA
PELY SAIL HFIGHT

bCLOTSTY DIMENSION LEFT FOR SLOTS
NOZIT) = DO DATA IN THE CD VS DN TABLE

nsuro = NNMINAL CHUTE DUAMETER
v = VENT DIAMETER NOMINALLY 2¢KVeCOS(CROWN ANGLE)D
on = DESIGN LDAD

ENDATA SYMADL TO INDICATE END NF DATA DECK

ENDTST CHECK EDR LASY DATA CARD

FRTM ~ REINFORCING TAPE WEIGHT &S READ FROM CARO
GEOPOR  ~ GFOMFTRIC POROSITY DESIRER

GRCOE = GORF LENGYH COFFFICLENT NORINALLY = ,S13
GSLA = SLOT ARFA PER GORE

MHREEY -~ MH/HR DATA FNOR THE FULLNESS DISYRIBUTION DAYA
) MEIGHT OF TAs Al

| INRDEX USFD IN LONPS

Icn = NUMBER OF DATA POINTS IN THE CD VS DO TAGLE
1EQ = NUMAFH DF DATA PIINTS IN THE FULLNESS DATA
TNy UPRER LIRIY ON ND (OF GRRES

t1ep « NUMAER 0OF NATA POINTYS IN RIGGING VABLE

fsrp FIXED POINY Wy NF SLOTS

TSN FIRFD POINT ND OF SATLS

1si1) = SAIL NUMBERS REQUIRING REINFORCING TAPE Jw2 BOTH Jel TP
fxEnn FIXEN PAINT VALUHE GF XXNO )

t uML FIvS DNINT NUMRED OF { INES PER RISER

EXA¥UQY ~ CHECK FOR DATA CARD CORPLETENESS AND OROER

T181) =~ CODF ¥ ESTARLISH REINFOACING TAPE MEIGKHY

[} INDER USEN IN LIINPS

JJ9 INPRE X FOR VICARIE ARY QEAD

& INAFE €00 LAY ANJUSTHENT

134 INDES FOD YICABUARY READ

®NYY CHNTER FIR APNISTING SYAT QTMENSIONS

KTFQY CHEN® YN SEF TF WDRF DATA CAROS FOLLOW

LN - LINFE WEIGuT LAS/sR(OT

Lamn LAMEY L TRIT AN N0 9 GORES

RMpg = NUNAEZ OF S1QTS Is | FORMAYT  XNMBR N F FOOWAT
NS - N SDFUIFIEN

pra<n PERCENTALE TFVIATION FOOR OESIEFN SLOY AREA

PESIM  « PEILENTAGE °F QORE ENG  FULL SAQLS NOK]ALLY o5
egen SADY ATFL PCOQCENTAGE OF D

GEFLTH - PARNSHTY AF LT PERCENT OF S SUR O (ONFSIGN)
ocron - QNINCLTY 8 £ AOEN PERCENY € SyR (DESTENY
epang - GENNSYQIC 27DQOCITY OFREFNY  § Sua 0 (DESIGN?

BROTO - YOTEL POODLIYY  benCENY OF § SUR O

1ye




PRSL{IY ~ PERCENT OF OPTIMUM RIGGING LENGTH FROM DO VS RIGe TABLE
PSVR(1Y - PERCENTAGE CHANGE IN DO FROM DO VS RIGGING TABLE
RFTW REINFNRCIMG TAPE HEIGHT 70 BE ASSIGNER

RLCNE - RIGGING COEFFIC'TNT NOMINALLY = 1,15
RSW - RISFR WEIGHT LBS/FDOY
RTW - RADIAL TaP{ KEIGHT LRS/FOOT

RWBOYT{ 1)~ REINFGRIINT TAPE WEIGHT BOTTOM L BS/FTY

PWIOP{ T}~ REINFORUINLY TAPE JETGHT TOP LBS/FT

SALND - NUMARER NF SATLS USED

SAW - SKIRT RAND WFIGHT (LBS/FONY

SEAM - WIDTH 0Ff SAtL REQUYRED FOR SEAM NOMINALLY = 145 IN.
SKABIT) CONSTANTS FOR THE FULULNESS DISTRIBUTIGN DATA

SLTO DISYANCFE S5D Ty CHECK SLOT WIDTHS

SL.spPC FIRST TRV af SL7V SPACING

SLARA - SLOT AREA TOVAL

SLST - ADJUSTED SUSPENMSION LINE STRENGTH
SLW - SATL WEIGHT LBS/8Q FNOT

SNO - NUMRER OF GNRESY

sn - CANDPY APTA& SO TH

SPSwWT SPECTAL S&FL ~ATERTIAL WEIGHTY

SPCTOT TOTAL SLOT S{HENSION

TAREA - SUMMAYION 0% CAWL RATERIAL

TITLE(T Y= TIVLE OF 4R L% USE IN DAVA HEADINGS

TOTOST CROWN DYSTANCE T4 BE FILLED WITH SLOTS AND SAILS

TOARA ~ TOTAL FROSITY ARFA

TOTPOR = TOTAL PPRNSITY DESIREN

ToNR - TOTAL CHUTE PGROSITY —PERCENY DF § SUB 0 NWOMINAL =,02
VARFA - VENT AREA

VBW - VENY BAND REIGHT LAS/FQOT

VCBEI) =~ VOCABULARY DATA STORED IN A FORMAT (SEE LIST)

VL NG - NUMRER nF YENTLINES NOGRMALLY SC/2

VW - VENTLINF WEIGHT (RS/FT NOMINALLY SAME AS LLM

VRTPOR VENT PORNSTTY DESIRED
VeQK VENT POROSITY -~ PFROENT OIF § SUB O NOMINAL =.003
WGY TOVAL CHUTE WFIGHT

XA{T} - WITH OF Q&1L AT THE TOP

XR€I)Y - WIDTH QfFf S&({ AT THE BOTTOM

o0 ~ DIAMEYFC CALCUN ATED FROM  TAREA

XH ~ WINTH NF CLOTY FRR SATLS

X HR - GORF PLENGTH

XHV - DTMENSION DOWN YD TP SAIL OF GORE
XMy NipRER 1 L I NFES PER RISER

XL -~ RIGGIN'G 1§ FNATH

Xt R - RIACR 1 V0T NOMINALLY = 36 IN,

XL S8 ~ SUSPENSTON UING LENGTH

XXNO LINFS REQUIRED BY LOADING

YYXXYY DIMENST N Y U5 0x SATL ND COMPATABILITY
X XXX ARFA FDV R ONENG SATL NO COMPATABILITY
X XK A KA [AVEC s ND OF CULLNESS

XXKR KW CFOFEFCIUNY 08 FULLNESS

XYA{T} =~ FPrc SAY ARES




'
’

’

. XYCALY) - FREF LENGTH OF THE S4lt TGP
RECBANY o FREE LENSTH OF THE SAIL 3OTTOH
K¥CL2Ti= GORE WIDYH  Jui~-8GTOF SATL 4= - IOP OF SATL
AVHITE « SATL HEIGHT
AVELT) -~ PERLENMTRGE OF FREE SATL AREA 7O & SUS 6

JEYFES. D= ROTIOR LxD YOP 90':?!0&5 af sax:s Ja§~%67 J=2=-70¢
¥ VERTICAL BIUTRAION
YRy DIMEHSIOGN TG THELK SAEL»NG LO&PATABELSYV_

!

!

CONTROL MUMBER ASSICNMENT IR SREGKAM NGLlTa

L k la e s N e i

. & INDICATES STANDARD & !ND?CKTLS CAI CULATED
CONTRGL NURRER ASSIGNMENT VES. =9 NI = §

E
]
!

_ ) : o MORMAL
CYRI LYY  Has 4 ODS VALUE BESN PRNVIDED . _ a4
CYRLI2} HAS A WOMINAL DIAMEVER RSEN GIVEN ' : ok
CYRLI3Y 3138 A DESIGN LRAD BEEN PROVIDED

CTYRL{G4) WAS AN ADJUSTYED SUSPENSION LINE LIAD SIVEN .
CTRLEST MAS 4 DHAG COESFICTIENT BEEN PROVIDED

CIRLLs)  HERE T&E NUMBER OF GORES SPECIFIED

CVRLETY  WAS TRE wIDYHN UF Cr0VH SPECIFIED

CTRLIRY  XAS THE SUSPENSINN LINF LENGTH SPECIFiIFD
CTRLEOE WAS TRE RISER - (gNGTH SPECIFIED

CTRL{10) WAS THE VENT QIAMETER‘SPECXFIEO -“f\
CTRLELIY WAS THE GORE LENGTH- SPECIFIEN

CTYBL{12]) WAS THE NUMBER OF SATLS SPECIFTED

CIRL L) WAS THE SEAM HIDTH SPECIFIEN

CTRLIL4) WERE THE NUMBER 0OF -VENT LINES G?VEN

CTRLILSY WAS YMF CRDIWN ANGLE 3PECIFIED

CYRLILOY WAS THE CNEFFICIENY ANGLE FOR C SPRCIVIED
CTRLELT) WAS THE CNFFEICIEMY FOP ¢ SPECIFLED

CTPLELAY WAS THE GORE LENGTH SPECIFLED ,

CTRLU19) WRS YTHE RIGGING CHEFFICICNT SPECIFLED

CTREL{2NT WAS THE PEQCENT GF GNRF WITHOUT SLOTS SPECIFCRED
CTRL{P1) WAS THE NUMATR QOF SLOTS SPECIFYED

CTRLI22Y 35 S&TL MATFRIAL WEIGHTY PROVIDED

CYRLE23) WAS L INF WEYGHT 290VvI05D

FYRLE24Y WAS SKIRT Re%N WFIGHY PRAVIDED

CTRLE25Y WAS VENT SAND WEIGHT PROVIDED

CTYRLE2E) WAS RADIAL TABE WEIGHT PROVIDED

CYRLI2T) WAS THE RISFC WEIGHEY PRAYIDED

CYRLE2PY WAS THE VEN! LINE WEIGHY GIVEN . : ) L 3]
CYRLID29Y WAS THE CROWN PORNSITY SPECYFYED : %
CTRLI30Y WAS THE SEOMETRIEC OOROSTTY SPECTETED L4
CYRLIAY) WAS YHE TOYAL PARQSITY SPECIFFED B
CTRLE3ZY waS YHE SAIL  CLOYTH PORDSITY SPECIFIED *%
CYRL {33y WAS THFE VENY PORQSHTY SPECIFIFD o
CTRLIIGT LNADS ARY TG AF USED TO DEFINE N0, UF GORES
CYRLIIS) IS TWERE SUFFICUENT INFO YO PROVINE WEIGHT

CYIRL(36) WAS REINFNRCING TAPE WEIGHT PROVIDED

CYRE LA} WAS THE SET1L NUMBER FOR REINFNRCEING GIVEN

l
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SO Y0 9¢99 ‘f -
END ;
SUBRDUTINE SOCAL(SGoixxt

(o N e Xl

SUBROUTINE TO CALCULATE CANOPY AREA GIVEN REQO. DRAG AREA

COMMONJCNTRL/VCSE150) ,CTRL (106D, TITLE(12}
CORMON/CDATA/CDOX {501 .DOXES50) .10 -
COMMON ZREADAT/CDS s DSUBOoDZL s SLSTCD0 XNO XH
¢ XLS o XLR DV XHRo SALNO o SEAN 4 VLND ;
« CRANG o CCOEF.oCKDEF s GRCOE 4 RLEDE o PESLO, XNHBR
o SLWoL LNy SBW, VB RTM RS, VLY
. +CRNPOR ¢ GEOPDOR+ TOTROR SLHPOR yYNTPOR , X I XMU
CNKRMONZRGTBL/ PSYR $50) (PRSL (500 . IPD :
OOUBLE PRFCISION VCB,TITLE

LT R N

| !

ITERATIVE PROCESS TO CALCULATE SO !

GETERMINE YF CDS OR D SUR O TS GIVEN

2 XaRalalel

XDN=N3U30
TR¢IHXANE,2)6G0 (D 1
- SN=XND0®E2%,TBS4 :
G0 70 3 S ' P

INITIALIZE 00 D SUB G CASE o B

la N Xel

3 k | 1 SOPLUS=1000.0 . N
: A DELS1I21,0 S
SOs=CDS ' )

c INITIALIZE D SuB O

2 XDO=SQRT(4,0%S0/3,1416)

3 IF(CTRL{BY.EQ.1401G0 YO 4

. XL=XLS+XLR , : .

' ' o TO & oL ;
' 4 XL=RLCOE*XNO ~

NPTIMUM RIGGING LENGTH - ' )

DY,

5 NPTL*1.15%X00 . S

[a Ra X

CALCULATE PERCENT OF NPYIHUM RIGGING LENGTH

PERSD=100s O%(XL=NPTLI/ZOPTL
1F{PFKSDLEQ.0.01CD TN 24

FIND PRAPER CDO MODIFIER IN RIGGING TABLE

SO

no 20 1=2,418N




EENAIFANA S A s b e e -
'

1

IFLIPRSL{Y~ li.tE«’éﬁSDB.AN&.f@&SLQIO.GE.PERSDl360 Y0 22

20 CONYINUE
WREVE(6,30L)
’ cALL EXIT ,
c ' -‘.
t INTERPOLATE IN RIGGING VABLE:
¢

32 CALL 'EXTRP(PRSLET=134PSVR (I~} vPRSLITY, psvnt:s.veasc.Psvnx)
o, T 60 TO 26 5
24 PSVRX= 0.0 a ' » *

Feair e DTSRI T SV L AT OO AR DA TV

T Y

€ ;
€ ', FIMD PROPER D SUB 0O IN DO TABLE . R
¢ | :

26 N0 28 1=2,1CO
P _ IFEINOX(T~1)e LE.Xﬁﬂ).AND.(DOX(!) Ge.xoo’vss Y0 30
o : 28 CONTINUE : . 3 :
: : WRITE(6.302F - ' l
1% ‘ 201 FORMAY(24H0 RIGGING: TABLE EXCEEDED)
£ ' 302 FORMAY(33H0 DRAG COEFFICIENT TABLE EXCEEDED )
: CALL EXIT . 1

e,

INTERPOLATE IN DO TABLE
i

© 39 CALL EXYRP(DUX(X-}}.CDG!(imlﬂvDOX(l’pC60§(i’y!DUoCDﬂ’

CALCULATE €CD ’ ;

M,.
LB O O

5} ' CO0=CNOSCOOEPSVRX/100,0 o
, . IFUIXX4EQ. 2060 TO 44 -

CALCULATE' TRIAL SO | o
SOX=€0S/CON '
CHECK FOR CHANGES REGUIRES TN 00

[a NaKel At

i\
¢ DELSZ=S50X=50

] o TFA (DELSZ#DELSTIJLF 40,01 SOPLUSSOPLUS# (=05}
L NIVAS100,0%DELSZ /80 - | ,

'SEE IF DO 1§ WITHIN 5 PERCENT

a2 Ex el

S ' thAﬂS(anAD LY.0s51560 10 4§
. ; YTESY=IVESTHY :
: . SO:SD#SOPLUS . . g '

i

. c
! ) ' r CHFCK ENR RUN- AUAV Loop
C

' TFCITEST.LTLS1360 YO 2 . . i

WRITEL6,302) ' ' | i
303 FNRMAT{28HO UNABLE Yﬁ FTND VlLUE OF sot

!

! ) ‘ 0 339 ‘ ’
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CALL EXIY
40 $0=50X%

CALCULATE D SUB O FOR CDS CASE

(2 Ne el

DSUBO=SORY (4. 0¢S0/3,1416)
RETURN

CALCULATE (CODS FNR D SUB N CASE

(e NaXal

44 CDS=SO*CDO
RETURN
FND
SUBROUTINE KSET(CNST, XXX, ITYP)
SUBRNUTINE YO PERFORM TABLE LOOK-UP AND SET FULLNESS RATIO
COMMON /FULDAT/NHR (500 ¢« XKA(SG) o XKR{50)4IFD

FIND POINY IN TABLE FOR INTERPOLATION

[a N aXal [z Nele]

D0 20 I=2,IFD
TRUEHHR(T~1 Do LELCNST) AND . (HHR{ 1) o GEC4CNSTIIGD TO 24
20 CONTINYE
WRITE(6,310}
310 F~XMAT{35HOUNABLF 70O ESTABLISH FULLNESS RATID}
CALL EXXT
26 YFUITYPLEQ.2)G0 YO 28

INTERPOLATE FOR Sall /0TTOM

ace

CALL EXTRPIHAR(TI V) o XKEB(T =1 ,HHRIT )4 XKBLT), CNST 9 XXX)
RETURN

INYERPOLAYE FOR SAIL TOP

2 XXl

28 CALL EXTRPUHHRUT=1) ¢XKATI=1) oHHRUTY ¢ XKALT)oCNST e XXX)
RFTURN
END
SUBROUYINE PORSIT(IYYP)

SURRGUTINE YO CALCULATE POROSITY (F CHUTE

2 Ke Nel

COMMNNZSDATA/SPCIS0Y ¢ SLARA, XHT ¢ XHV o NMBR o XXCOE9 ANRADy SLTAR(50)
COMMON/READAT/CDS+0SUBNGDZL ¢ SLSTCOM XNDo XH
oXL5oXLR, DOV XHR 4 SALNO, SEAM,VLNO
+CRANG 4 CCDOEFR 4 CKOEF  GRCOE 4 RLCOE ¢ PESLO ¢ XNMBR
sSLHILLWSAWVBW RTH,RSHy VLW
+CRNPOR, GEOPOR 4 TOTPORy CLHPOR o VNTPOR,, X I XMU
COMMON/ZSDIM/XYY(2,50) o XYCA(SO ) XYCBISOI 4 XYC(2+50) ¢ XYH{S5D) 9 XYA(50),
1 XVYP{50) XIMUIXARFALVAREALIS(50),RWTOPIS0),RWBOT{50), IX(500,

H MWy~

340
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2 PRCRNPRGORPRCLTHPRUTOWASAIL +AR 300,50
[FLITYP ,€Q.19G0 TO &

S P ; - :
C FLOAY NUMBER OF SLTYS IN CROWMN
c
——SINOcNMRR e e
C
c CROKN POROSITY CLLCULATION
£ B U,
PRCAN=( {VAREA+XAREASXNO) /S01#200,0
GO TO 24
£ : - :
c NUMBER OF SAILS WITHOUT SLOVS SETWEEN
c
S CRNO=SALNO

T 7304 FORMAT(29HOSATL FULLNESS NDOES NOT MATCH/30X,61H

12

15

c
c
L
c
KA CALCULATE POROSITY DF INFLATION
c
€
Lo
c

NUMBER OF SPACES FOR INFLATION POROSITY

" JJ=CRND

SEY RAYYO OF SPACE RADTY . . . .
R1=XYCR(2) 73,1416
R2=XVCA(JY)
DISI=XVY(].2)
DIS2=XVYY(1.Jd4)
RSAIL=0.9

CALCULATE AREAS

DO 20 Y=2,44

AxXYCA{I-1)

f=xyCcati)

DIST=XYY(1,1!

CALL EXTRP(DIS14R1,DIS2,R2.DISTRB)
YHETAB=2A/{28%2,0)
CORD®RB*SIN(THETAS)

TF(CORDLLEWLAIGH TG 12
WRITEL64304VB4A4RB,CNRD

1 Ra CORD/30X 475104 4)
RBxzRR-4 25

G0 7O 11

L PN =]

ADR=21040

DELO=1,0

RA=RD

THETAAS A/ (RAR2,0)




XA=RASSINCTHETAR)

DEL =CORD=-XX

TF((ABS(DELD/CORDY oLT¢001)6G0 TG 19

TFUL{OEL*DELD) L T.0, 01 ADR=ADR®(~, %)

RA=RA+ADR

DELO=DEL

IF(LOPN,GY,23)G0O YO 18

LOPN=LOPN+]

G0 YO 18

13 WRITE(6,30511
30% FORMAT (34H LOOP BLOWUP IN PORSIT AT SAIL #3.,13)
ﬁAUOQO
M 19 YB=RBCNS{THETAB)
Ya=RASCOS(THETAAY
ARFAR= (RBE42¢THETAB-YBELORD
AREAA= (RA®S26THETAA =YARCORD
AR(1)=AREAB~AREAA
ASATL=ASAIL®AR(I)
20 CONYINUE

ASATL=ASATIL®XNN/SO
RETURN

GEOMEYRIC POROSITY
24 PRGNR=PRCRN+ASAIL®100,0
CLNTH POROSTTY

N g NaXe

CLPOR=0,0383¢(, 75=(PRGOR/100,0))
PRCLTH=CLPOR®100,0

TOTAL POROSITY

e XaXe

PROTO=PREL THEPRGNR
RETURN

END

SUBROUTINE SLTARE(PERSD)

SUBROUTINE TO CALCULAYE TOTAL SLOTY AREA

OO

COMMON/SDATAZSPC(S0Y s SLARA Y XHT ¢ XHV ¢ NMBR o XXL OE 4 ANRAD, SLTAR(50)
COMMNN/READAT/CDS 4 DSUBOL,DZL 4 SLST,COD¢ XND ¢ XH
s XLSoXLR DV XHR, SALND, SEAM, VLND
yCRANGoCCOERF +CXDEF oGRCOEZRLCNELPESLO, XNMAR
e SLW LLW, S84, VBHRTHW.RSW VLN
+CRNPOR,GEOPOR TOTPORCLHPDR VNTPOR,, X T XNY
COMMON 7SDTMZXYY(2450) o XYCALSO) o XYCBIS0) o XYEL2450) ( XYHESOY o XYA(S0),
T XYPUSO) XiMULXAREASVAREA+ISISO)RWTOP(S0)RUBOT(50),1X{50),
2 PRCRNGPRGOR (PRELTHPROTOLASATL AR{S0) SO

> g -

¢ INITTALIZF

aea
P ATy = L
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[aBalel s Xale! 2TO0N (e Na¥e) DO [a X uXel OO OHOD (2 N2 ¥a)

OD

20

GSLA=SLARA/XNO
XAREA=Q.0

POSITION OF YOP QF FIRST SLOT

YTaXHV4XHT
D0 20 I=1,NMBR

GORE WIDTH AY Y0P OF “siOY
CuXXCOESSIN(YT®ANRAD)
CALCULATE FULLNESS CONSTANY

CNSTsYT/XHR
CALL KSET(CNST XXKA(2)

SLOT WIDTH AT TOP
TOP=aXXKASC

POSITION OF BOTTOM OF SLOT
YB=YT+SPC(1Y

CALCULATE FULLNESS CONSTANT

CNST=YR/XHR
CALL KSET(CNST XXKB8,1)

SLOT WIDTH AT ROTTOM

CayXXCNESSIN(YEB®ANRADY
ATHeXXKBSL

AREA DF $LOT
SLYAR(T)=SPCUT)®(TOP+RTH) /2,0
TOYAL AREA OF SLNTS
XAPEA=XAREA¢SLTAR(])

YT=YReXH

CONT INUF

SLOT dORNS Y TY

PEASD= ARSUIXAREA=GSLA V1/GSLA
RETURN
END

erff -



' 12 X3 )

[a Ne Xal

(2 Xa Ne)

[ B B |

10

K R

SUBROUTINE WEIGHT(WGT)
SUBROUTINE TO CALCULATE THE WEIGHMT OF THE CHUTE

REAL LLW
COMMON/SATLS/XA{S0) ¢ XN50% ,XAB(50) ¢ XABY {50} o SALNGT (50
COMMON/CNTRL/VCB(150) «CTRL(100), TITLE(12)
COMMON/READAT/CDS , DSURD s DZL ¢ SLST ¢ CDO¢ XNOy XH
WXLS o XLR oDV 4 XHR o SALNO, SEAM, VLNO
+CRANG ¢ CCOEF 4 CKOEF  GRCOE 4 RLCOE , PESLO, XNMBR
oSLMoLLWySBW,VBW, RTH,RS My VLY
+CRNPOR, GEOPOR, TOTPOR, CLHPOR  VNTPOR X I XMU
COMMON/SDIM /XYY {24500 o XYCALSO) ¢ XYCR(S0) 4 XYC (2,501 s XYH(SO0) o XYA(S50},
1 XYP(50)«XIMUyXAREAs VAREA,TS(50) o RUTOP(S0Y ¢ RNBOT(S0) s 1X(50) ¢
2 PRCAN,PRGOR, PRCLTHs PROTOASAIL, AR(S0) 4SO
DOUBLE PRECISINN VCB, VITLE

NUMBER QOF SAILS

JI=SALNO

SLA=0.0

CLA=20,0

CLOTH MEIGHT

D0 9 J=1,50
TFESALMGT(I Y EQaDeO)SALMGT (I aSLY
CONTYINUE

CALGULAYE SAEL AREA

00 10 I=1,JJ

KK=) =141
CLARmCIXACTIOXR(TID /2,000 XVYHIT I®SALWGT{KK)Y
CLARCLASCLAR

CONTINUE

SATL WEIGHT

CLA=CLA®XND

SUYSPENSION LINE MWFEIGHT
SLA=XNO®(XLSe12,0)0LLM

RISER WEIGHY
RIA(XLR®Y2,0)1 ¢ (XNO/XIMUISRSW

METGHT OF RANTALS

344



S

RAA=XND®2,0%(XHP¢2,0)8RTYH
307 FORMAT(INO.12A68)

— 208 FORRAT(IHL +42%.45MR I N6 S AT L = CHUTE_ _DESIGNI
¢ WEIGHT OF SKIRY BAND -
< SKA=(XNO®XYCB(1V 46,0V 8880 T T
__g_____UElQﬂI.QF.!EQIN!AEQ_V_ s e e —
¢ VBA={ XNOSXYCA(JS)+640)wVEY
£ . e
¢ WETGHT OF VENT LINES
~ji_~,“vgh-l0v¢6.0l§VLﬂ0!!5!_M_ﬁ«___nh“ e e
<§ WEIGHT OF REINFORCING TAPES

RTA=0,. 0
RETOP {1 V20,0
PN 20 I=l,.Jd4
ISLady=~T+1
TFCISET  1.LT.1 GO TO 20
HGG= ( XNO®XYCACISL) 8, QVORNTOP(Y )
TFLISET DelTL2IG0 TO 19
WGGeWGG* ( XNNSXYCBLISL V¢4, 0VORNAOT(! 1}
19 RTA=RTASWGG
20 CONYINUE
MOTRCLASSLACRIAGRAASSKAGYBAGVLAGRTA

[N, PR B e LR SO O ——

— - - i . - —————

WRITF WEIGHMY NATA

oM

WRITE(6,7308)
WRITE(607I{YITLEC(D) yJ=ly12)
WRITE(G4 319}
MG FORMATIZ2INON € 1 G W Y 0O AT A
MRIYELH.320)
320 FORMATINCHO(ALY WEIGHTS GIVEN IN POUNDSY)
) WRITE(H,I21CLA
321 FORMAT(2IMNSALL FABRIC MEIGHT = (F10, 3
MRIYFia, 3221504
— 322 CEDRNAT(26MHOSUSPENSTON LINE MEIGHY » ,F10,3)
WRITE(AL,3I231R1A
323 FORMAT(LTHORISER WEIGHT = (FlDeM)
WRITE(6,32401RAA
A24 LORMATI22HOMEIGHY OF RADIALS = ,Fl10.3)
HRITF(8+372%)S%A
328 FDRMATI2PHOSXIRY RAND MEIGHY = (F10.%)
MRITE(AA2AVBA
326 FNRMATI2IHOVENT RAND WEIGMT & (F10.3)
WRITE(6,327IVLA

345




327 FORMAT(21HOVENT LINE WEIGHT = (F10.3)

MRITE(6,328IRTA
328 FORMAT(I2HONEIGHT OF REINFORCING TAPES = 4F10e3)
WRITE(6.329)IWGY
359 FORMAT{34H-YOTAL PARACHUTE ASSEMALY WEIGHY = +F10.3)
RETURN
FNO
SUBROUTINE EXTRPIXI,VY1,¥2,Y2,AX,AY}
C
¢ SUBRNUTINE TO PERFORM EXTRAPOLATYION
c
DELX=aX2-X1
NELYaY2-V}
AY=( (DELYSLAX-X1)1)1/70ELXIeYY
RETURN
END
SUBROUT INE INDATA
C
¢ SURRNUTINE YO PRINY INPUT DATA
4
COMMON/CDATAZCDOXES50) ,00X(S0).1CD
COMMON/RGTBL Z7PSYR (50) oPRSLISOV . TPD
COMMON/ZCNTRLZVCR(IS0) ,CTRLULOO ) TITLELL12)
COMMOK /FULDAT/ZHHR IS0 ¢ XKAUS0) o XKB(50) 4 LFD
COMMON/SATLSAXR(S0) o XB{S0Y XABIS0) 4 XABYI50) o SALMGT(50)
COMRON /READAT7CDS oDSUROLDZLSLSYeCDO. XND o NH
1 eXLSeXLR DV, XHR{ SALND, SEAN,VLND
2 +CRANG o CCDEF JCROEF ¢GRCDEJRLCOE 4 PESLD, XNMBR
3 eSLMeLLWsSAM VAR RTW RSH, VLW
4 +CRNPOR, GEOPAR,TATPOR ¢ CLHPORJYNTPOR X TXNY
CONMNNZSDATAZSPCUSDY o SLARA XHT  XRHY (NNBR (RXCOF, ANRAD, SLTARISO)
COMMON/SDINM/PYVL 2,501 XVCALSO ) XYCRUSO) 4 RYL 2,500 ¢ XYHISO) 4 XVALS50),
1 XYPUSOY XTHU,XARFALVAREAZTSLS0) RNTNPISON, AWBNTISO) o IX(500,
2 PRCAN,PRGOR,PRCLTH,PROTDLASATIL  ARLS0) S0
DTMENSTON ROCHKTAIS)STDRD(AS) 4 TXXX{Q) (ADALIS)
DOWUBLE PRECISINN VCALTYITLE,ADA
FOUIVALENCEIRDCHK (1) ,CDS)
( WRITE TABLE DATA
C
10RS MRITELH,308)
WRTITF(H.IOYTITITLE
WRITE(L,4328)
MRITELALIZT)
326 FORMATIIHOL25X,22HY N P U Y D AT A)
127 ENRMAT(1HO«SXIHEND DATABX14HRIGGING VS CDDed INe LAKFULLNESS TABL
1€)
WRITYE (6, 22R)

I2A FORMATIOND D SUB CebX, YHEND 4 X, 26HPERS.OPT, PERSLCOD H/HR o 7K ¢ 2H
IKALRX, PHKRZLHO )
JIVHAXDUICD 12D, LFD)
nn 1040 J=d W J)J)




DOAX=0GX{JS) /12,0
TFIJ.EQ.Q0INRITE(G,928) .
MRITE(6¢3291D0AX .nnoxw.zuuu._ﬂuumum;m 41 XKB1I)
1840 CONTINUE
329 snannftlx.Fo.a.aFlo.al
! HRITE(S.308)
WRITE(S6,30TITITLE i
WRITE(6,326)
WRITE/6,318)
REWIND 12
00 1056 I=1,3¢
JF(CTRLUIVLEQa0.01G0 TO 1954 _
IF(CTRL(1).EQ. Y, 0!&&!?6!12.131!VC8!52'
- GO YO 1086
1986 NDAD=RDCHK(T)
TFt1,€Q.1)0AD8DA0N/ 14440
IF(YeEQe2.NR T ED.O!QAOtDAOI!lo
IF{1.£0.34)60 10O 198)
1F(1aC0611GN YO 1981
TF{I«LTL151GD YO 1963
1LF(1e6Qe20)0A0DANC100.0
TF(I.EQ15)DANDAN/ .01 TAS)Y
IF{laLY.,223G0 YO 1048
IF(1oF0.22)02N=DA0®]L 46,0
TE€L1.6GY7.22} AND.?I.LYoZQi!DAO‘DtD"2.0
TE{TLLTL20160 TN 1967
DAO=DAD#1D0,0
60D TO 196s
1961 NRITEL((12,196200A0
19462 FORMAT(F&, Q)
60 1O 1056
19483 WRITE(12.194643NA0
L9A8 FORKRAT(FO, 2}
G0 T 109s
194% MRITEL 121965 0DAD
1966 FORMAT(Fa, V)
GO YD 1686
1367 WPITE(]2.12481DA0
1962 FORMATIFA,S)
1086 CONYINYF
arwinD Y2
NN 1057 1s1.%
QREANTYI 2, 3311140401
1087 CONTINUYFE
3 FARMAT(Fa, 1)
331 FORMAT(AL)
WP ITECA,D320ADA01Y,ADAL2)
WP ITECR,VIIIANLEY) , ADALA)
WETTFCn, 336)ADATIS ) JANALS)
WATTFEO, YIS AN L ADAI O
METTELALIIGIANALIO) JADALLDY
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WRITE(H,33TIADACLIL I ,ADASCEED
WRITF(O«3EVADA(L) LADALLG)
MRITE(6,339)ADALLISY (AGALLSY
WRITE(6,I80VADA{YZY,ADATLBY
WRITE(G«361VADAILIO) JADA(34}
HMRITE(G60V42)ADALZ0 4 ADA(2Z])
WRITE(G6.3ISINABA(22),ADA(ZY)
WRITF{H43404ANA{24) ,ADAL25)
WRITF16:I4SIADAI26) JADAI2TY
MRITE(AHILEIRDALZB) LADALZDY
WRITE(6,36TILNAC 20} ,ADA(3])
WRITE(6434AYADAI32),ADA(IY)
WRITE(64308) '
WRITE(6,30TITITLE
WRITELA.126)
MRITFIA4318)
WRITE(6¢349)
340 FORMAT(IHO1DX52HSAEL INPUY DAYA (REINFOR: ING OR NON-STANDARD uEL
16HTH
MRITEL%+15Q)
IS0 FORMAT (1313, 8M SAIL NOLIOXANTOPR YAPELIOX.INROTTON YAPE,10X.12H(LD
17H NETGHYZ)
0N 1Q/Q tal,80
TFLUSALMGT ) EQ 0., 01 ,ARDITIS(L1.EQeOIIGH v 1288
DAQ=SALNGT (T 181 44,0
TFLDADREN G IIDANSSL NP &4, T
OATOP=QUMTNPLT 1 #Y 2,0,
DAROYT=RWANT(II®12,0
KXEm [StE10Y
GO FNI1970,1971,2072) 4K
1970 MRITF16.197))].D4D
G T 1080
YT HRITE{AL 10411, NDATNP , MAD
G0 T 19480
1972 WRIFRIAIOTRYELQATNP, DABRTIY DA
1973 FORMATIIND 9N T2, 16X e Mald S iR R BUNNAS 10X F10.8)
1976 FOORATIIHOLOX P2 11X F 05120, BHNFS,14%,F10.4)
1078 FORMETETHO (SN 12431 K0P 10 R:2%: B 05431 K,F1),8)
Taen ENNTINYF
TY? FOYMAT(LIIN ORAG ARTA 2 ;342304 I THERUTE DIARETER » ,AH)
Y SONMATEIGN DESICN LOAD 2 (A6 I8¥23HSUSPENSION LINE LOAD » (A46)
V% FORMAYIT4H DRAC TOEF., = (R%,29%IRHNUNAER OF GNRES e LA8)
VG FPRAUATYLISH £19Td #3871 = A8y PR 2SHSUSOENSION LINE LENGTH = ,36)
V¥ CARMAT{IAN GIRFR LENITH 5 45 27X LAHVENT DIANETER » L850
VT FOFHATIESH EIE LENSTH 5 (84:7AX,18HNUNREF AF SAILS = 4B}
TIF FODPMATILION SEAN SLLOKANIT © LA0.25X 2IHRNUNAER OF VENT LINFS = , A&}
3¢ TORMAT(ISH CRORNN ANGLE = JA6,28% . JQHANRE ANALE COEF, = ,A%)
oD FROMATIPnY CNRF WIATH COEF. = A8, 23X, 20HGORE LENGIN COFF, = ,48%
341 CORMAT(TAM PTALING LENGTYH COEF. © 86,10, 19ENUMBER QOF RISEOS » ,8
12
V42 FORMATI2IH PERS, TOEE TO SLOTS = JA8.20K, JORNUMRER [F SLOVS » L4b:
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343 FORMAT(21¢ SATL CLOTH WEIGHT = ,A6,22X,25HSUSPENSION LINE WEIGHT =
1 .26)
— 396 FORMAT (215 SKIRT BAND WEIGHT = ,46022X19HVENY BAND MEIGHT = ,A6)
345 FORMAT(22M RADIAL TAPE WEIGHT = ,A6,21X,15MRISER WEIGHT = ,A6)
346 FORMAT(20H VENT LINE WEIGHT = ,A6,23X,1THCROMN POROSITY = ,A6)
347 FORMAT(22H GEQMETRIC PORDOSITY = oA6421Xo1THTOTAL POROSITY = ,A6)
301 FORMAT (1K1,24X,12A46)

307 FORMAT(1HD,12X,12A6)
340 FORMAT (184 CLOTH POROSITY = ,R6.25X.,16HVENT POROSITY = ,A6)

308 FORMAT(INI (12X, 45K I NG $ X £ L CHUTE ODES T G N}
$18 FORMATIING (33N 2 1M CONTIMUEDD 71KOD

RETURN

€40

SURRCLTIME SILOCAL,

N e e
3 SIMROUTING TO CHLCULATE 5107 POSITTON AND DIMENSTONS

CORNCN/COATA/CDOXIB0) ,DOX(500,8CD . - e
COMMOR/RGTAL/PSYR (30T . PRSLISOV, IPD
COMUON/CHYRL/VCB(150),CTRLE100), TITLE(12)
COMMOM/FULDAT/HHRE 30 o XKA(30) o XKB{50),1FOD B
CONKOM/SATLS/NA(SO) : XB{S0) . XAB(SO) . XABY (50)  SALWGT(S0)
COMMDNANEABAT/COS ;DSUBOIDIL«SLESTCO0¢ XNGo XM
_aXLS o XLR,OVe XHRo SALNO, SEAN,VIND S
+ CRANG ,CCOEF , CKOEF o GRCOE +RLCOE o PESLO, XNMBR
s SLWLLUsSBU,VBUW,RTW,RSW, VLY
+CRNPOR , GEOPOR TOTPORy CLHPORLVMTPOR , X I XMY
ZO%MGNfSDQ?&/SPC(50’QSLAQQQXHTQXNV.Nﬂ"o‘tcaio‘“iﬂoog TAR(S0Y
CORMOMISOINIXYVI2,50 s XYCALISO I, XYCB(S0) o XVC (20500 ¢ XYH{S0) , XYA(SOY,
‘i aV9559?oKINUOXAREAAyQBEAQ!S'50’0““10"’0'0““‘0"’0’oll"ﬂ’a
? PRCANPRGOA,PRCLTH,PROTOLASAIL,AR(S0),SD
D!NENS!OH ADCHK I35 ,STORD{IS I XXX{9D} o ADAIIS)
_EQUIVALERCE(RDIHK (1) ,COS)
DOURLE PRAECISION YIB,TITLE,ADA

I&;&Ra#

arr——e—————

CALCULATE VEMTELATIOM POROSITY

TALL PORSIVOYL?

T MENY ARTA CALCULATION

<0 e 'C‘égi“ﬁ (%]

e TAREA=JO0SVNTPOR . e e e e e

YENT DTAMETER CALCULATION

I
[2Yia Nl lﬁt‘%ﬁ

|

T DVU=SORTIVAREAZ1,23724)
. CALCULATE CYMENSION DOWN YO TOP. SAIL

!
|
|
I

TF(CTRLIDS ) .NEL.2.0)1G0 YO 90
1FI{XHVY,EQ. Q. OiXHV-DV/(Z.O*CDS(CRlNﬁ',
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SLO=0. 0
NMBR=XNME
XHARQx SALND®XNMBR=1,0
DO 95 sl .NMBR

95 SLD»SLDSPCII)
KHT= XHR~ ( XMARQ*XHISLD¢XHVY
Dv=XHV*(2,0%COS(CRANG))
SLARA=10040
CALL SUTARE(PERSD)
6N TN 80

90 XHV=DV/(2,0%COSICRANSY)

CALCULATE TOTAL POROSITY AREA REQUIRED

la NaXse]

TRHARA=SO*TOTPOR

CALCULATE SLOT AREA REQUIRED

OO

IF{CTRL{301,EQ.1.01G0 YO 1127
SLARA=SO*{GECPOR=-ASAIL)=VAREA
G0 10O 1129

1127 IF(CTRLI31).EQ.1.0060 TO 1128
SLARA=TOARA=(VAREA+ASLIL®SO)
60 YO 1129

1128 SLARA=SURCRAPNR-VAREA

CALCULATE AREA PER GORE IN SLITS

1129 GSLA=SLARA/XND

(o e Re e YO

LARGEST WHOLE NUMBER OF SAILS OF HEIGHY W THAT CAN BE ADDED

IXNBR=SALNO
TOTDST=XYY (24 IXNBR)=XHYV
NMBR=TNT{TOTDST/XH)

XNMAR =NMBR

IF(NMBR.GY, {50~IXNBR))IGD TO 1130

DIMENSION LEFT FOR SLOf

[a e et]

CDLQTSTEYOTDST~XNMBR#XH
- . > "Fo l

nEel

ROUGH EQUAL SLOT SPACING

SLSPC=0.0
GO TO 28
£130 WRITE(H.,2B0IXNNBR,SALNO
TR EORMATI16HO TOO HANY SATLS.2€12.3)
CALL EXIY

350




T,

c

i Ne Na O™ YO Oy (o N e Vel

S5 (o Ne ¥a laEaNe)

CALTULATE CLOSEST EQUAL SPACING WITHIN 25 INCH

28 SLSPC=SLSPCH, 23

38

40

&2

SLYC=x YMBR #5L SPC
TEI{SLTI.iY.DLDISTIGE To 28
SLSPC=SLSPC-,25

SET IDENTIFIED SLOT SPACES
00 30 I={,NMBR

SPCL{I)=SLSPC

CONTINUE

ADJUSY SPACES (UNEQUALY YO MATCH DISTe TO WITHIN 25 INCH
KNXX =1

0N 40 1=1,NNBR

SPCYOV=0.0

ADD .25 INCH YO TOP SLOTS

DO 34 J=1,KNXX
SPCL{IaSPCigle, 25

CONTINUE

CALTULATE TOTAL SLOT DISTANCE
DO 36 J=1 ,NM8R
SPCTOT=SPCTOT+SPCL S}

CONTINUE

CHECK FOR SPACING MATCH
IFESPCTOY,GYWALDISTIGE YO 42
KNXK=KNXY+1

CONYINUE

SET TDP SATIL HEIGWT

XHT=XH

CALCULATE SLOT ARFX

CALL SLTARF{PERSD)

CHECK FOR PORASITY MAYCM
LFAPERSDLLTL, 05160 Y0 80

LOGIC CHECK FDX SLOT DIMENSTON CHANGE
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IFUXAREACLTAGSLA 16O TG S&
FIX POINT NG OF SLOYS ‘ - o

1SVo=lMBRY2

[y B ¥ el [a N Xa )

REDUCE SLOT AREA BY [NCREASING TOP SLOY AND REDUCING BOTYOM $LOY

KNXX=]
DO1242 1a21,1STP
001240 J=1,KNXX
SPC(JSI=SPCld)e 25 ,
K =NKAR = »
SPCEKH1)=SPCIKeL )0 25 |
1240 CONTINUE

CALCULATE SLOT AREA

[aXeXe]

CALL SLTARE(PERSD}

CHECX FOR POROSITY MRATCH

e NaXe)

[FIPERSDLTee0%51G0 YO 80 : '
KNXX=XNXXe] . st

b s B |

CHECK TO SEF IF BOTTOM SLOT REBOVED

IF{SPC{NMBRY.LE.O,0)50 TO SO !
1252 CONTENUE

c ‘
c KEMOVE ALL SLOTS 1F PRECEEDING DGES MOT PRIVIDE SOLUTION :
c BY ADDING ANOTHER SATL
c
50 NMBR=NMBAR+1
c
¢ SET HEIGHT OF NEW TO® SAfL
C
XHT=DLNIST
r
t RESET IDENTIFIED SLOTS YO 26RO
¢
DO S2 1=1,NNAR
SPCIT)=0,0 . . ,
52 CONTINUE g ' !
C
c INCREASE SLOTS BY .25 INCH AT A TIME REMOVING nnrtRlAL FROM TOP
. SAIL
¢

E 56 DN 58 =] ,NMRR
R SPCLTIwSPCiY) 4425 :
XHT'KHT‘QZS ) i
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50

g CALCULATE SLOT AREA :

1F1!ERSO-L?-.05!GO Yo 80

CONT INUE

CALL SLTARE(PERSD)

CHECK FOR POROSITY RAYCH

1)

c
c

68

8z

100 68 !”lsﬂﬂﬁﬁ”.n

o SPCUK+1}aSPCIKeL )= 25

£

TIE AOTTAM SLOT 1S REMOVED ACCEPT SOLUTION ~~ 7~

CHECK FOR IREE GREATER THAN REQUIRED

f‘( XARE‘;["QGSL‘

160 YO %6
KNXX=1 o

MATCH AREA 8BY REMDV!NG FROM BOYTOM SLUTS “AND ADDING TO TBP SATIL

DO ‘66 J=1 +KNXX
KnNMBR~}

HT=HT+,25
CONTINUE *
CALL SLTARE{PERSD)

CHECK FOR CLOSEST CONDITEION LE3S YHAN REQUIRED AND ACCEPT SOLUTION

- Lo e i

TF(XAREALLT.GSLA GO TO 80
KNXX=KNXX+) :

IF(SPCINMBRI,LE,0.0)60 TO 80
CONTINUE '

CALCULATE SLOTS WHERE AREA IS LESS THAN REQUIRED
DELY=XH ' '

NUMBER OF SA!LS AND SLOYS IN FIXED ‘POINT FORM

LSALND

JrNMBR
IFCUIH3Y 6T 5060 rn 1130

DETEOMINE LOCATION OF SATLS IN SLOT REIGON

folel S

DETERMINE SAUL BOTTOM LOCATION
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DO

[aBaNel SHNOYOY (@ N s ]

aBe e ) TSTYD

YD

™SO g K'g]

e e Ka ]

o New }

YeXYV(2:1~1)=-5PC( S
XYY(101’3?

CETERMINE GORE WIDYH AT BOYYOM OF SAIL

CCCuXXCOEXSIN{YRANRADY
X¥YC(1l.1¥=CCL

DETERMINE SATL HEIGHT
XYH(1)=DELY
DETERMINE FULLNEGSS CONSTANT

CNST=Y/XHR
CALL KSETEONSTXXKB.1}

DETERMINE FREF SAT{ WIDTH AT SAIL BOTTOM
XYCBIT Y mXXKRRCCC

DETERMINF CONSTRUCTION WINTH AT SAIL BOTTOM
XR{TVInXYCA{TV+SEAM

CALCULATE POSITION NF TOP OF SAIL

YuY=QBELY
XY¥{2¢ 1Yoy

CALCULATE GNRE WINTH AT TP 0OF SAIL

CCCwXXCOFNSIN {(Y4ANRAD)
XYC (24 11aCCC

CALCULATE FULLNESS CONSTANT

LNSTe Y/XHR
CALL KSET{CNET XXKA,2)

NETFRMINE FREF SATL WIDTH AT SAIL Y0P
XYCALT YV mXXKARTLC

CALCULATFE CONSTRUCTINN WIDTH AT SAIL TAP
XACT YuXYCA(T R 4SEAM

CHECK T# TOP SATL

TF(JeENG2INELYRXHY
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Juje1
1FLI.6V.01G0 YO 82

SET NEW NUMBER FOR YOVAL SAILS FLOATING AND FIXED

ey Ty

SALNO=Y

TSND=t

XHV=XYY {2, 1SN}
D¥sXHY 3¢ 2, 0%COS{CRANGY)
RETURN

END

SUBROUTINE OUTVRIY

SUBRGIUTERE ¥G MRITE QUTPUY INFORHATVION

(4 N.a Xal

COMMON JCDATASCDOX eS0T . ROXIS0%. ICD
COMMON 7RGTBL/PAYRIBOY  BRSL IS0 IPD
CNMMON 7ENTRE 7¥CBITOON JLTRLEZOD, TITLE(LZ)
COMMONFFULDAT/HHRISO) ¢ XKALSO) « XKBISO L IFD
COMMON/SATLSAXRSSG 4 XBLSC o KAN( S0 (X ABYISD) o SALUHGTIS0)
CO"HON’“EADAY/CB v DSUBO, nZLQSLstoLGQ'XNBfXH
nkLScXLReDVQxHQQSlLNG SEAMQVLNO
'qhﬂvliﬁ;SB“vVEVoR?H.RSH,YLH
+LRMPGR , GEOPOR,TOITPOR,CLHPOR,YNTPOR (X I XMU
COMMON/SRATa/SPCISO) « SLARAXHT  XHV,NMBR ( XXCOE , ANRAD,SLTAR(S0)
LOMMON/SEIR/YYVI2450) o XYCALSO ) o XYCBU500 4 XYC (20500 ¢ XYHIS50) ¢ XYALS50),
T XYPISOY, XTHU,XAREAVARES TS50, RNTOP(50) ,REBIT(50),1X(50),
2 PRCRN PRGN, PRELTHPROTOASATL,AR(S0),S0

DINEASION ROCHK{3SDSTDR{ IS i XXX(95 4 ADALYS)
EQUIVALEMEEIRDOMK (1), €COSY

DOUVBLF PRFCTSING VOB YITLE ADA

B YOTn0.0

CRYOV=(.C

PRETOT=0,0

MRITELS,308)

NRITE(G,IOPAETITLELSY (O] o1 )

DHAT{aDSURD/ 12,0

DAY 2e303/Y64,0

DATBw(C NS /7144,0

WRIYF A, 3L0GY

HREITE(SH, MOIVCRILI W YERTZY VOBUI o DATL,VCB(ITYVEBIL) 4VEBIS)VLB(D)
1 JDATE WCBA3RY  W(R{AVEB{TI WCBE3YDATIVCB(IR)

fYAY Y N0

KOG T TRE (99

DAY2nUGY

DATI=CNO

WRITEEA AN

WRITE LA WIIYOSTIY  yUREDT (VIR DAY A VCBLNS)oVOBI43) 4VCBI&4),VCB(
13, DAT2 WCP{A0 e JURLL2EoVCRBET 2 4 VCBUY) (DATY

r N~




XL=CTRL(S8}

NATI=XL/12.,0

DAT2=XL$/12.0

DAT3I=XLR/12,0

WRITE(6,310)
WRITE(6,309IVCBI1&) ,VCOI15) ,VCBI3),DATI,VCBI3T7),¥CBI16),VCB(L1T,VC

1B(31,DAT2,VCBI3T), VCR(IQ).VCB(IO'cVCB(3'.DA73 veB(37i

59

NDATY=XL/DSUBD

DAT2=100,0%DY»%2%, 7854/50

VENPO=DAT2

VENT=2DVE$2%,7854/144,0

DAT3x=DV

WRITE(6,310)

un:TE(6.309vvca(103.vcatllb.vcal3ﬁ.DAT1 VCB(A5),VCB(53)(VCB(56)4V(
1R(2)oDAT2,VCBI41),VCBI26)4VCRE27),VCB(3?},0AT3,VCR(39)
DAT1=XHR

DAT2=XHR/DSUBD

DAY 3x6 44 XHR /XNO

HWRITE(64310)

WRTITE(6,309)IVCB(20),VEBE215,VCBI3) +DATIVCBI39),VCRL35),VCBI36),VC
1R{3)¢DAT2.VERI45) 4 VCBI22) ,VCBE23) VCB(3) .DATIVCB(39)
DATI=PRCLTH

DAT2=PRECRN

DAT3=PROTO

WRITE(6,310)

WRITE(6,309)VCRI28Y,VCBII2),VCBI3) DATL,VCRB{41),VCRI28),VCR{25),VYC
1B(3)1,DATZ . VCR(41),VCRI29).VCBI31)+VCR{3),DATI(VCB(4]1?
NATY=PRGOR

DAT2sX I MU

WRITE(6,+310)

WRITE(6,309)VCB(28) ¢VCRI30)VCB(3) sDATLoVCB(41),VCBI50),VCB(51),VC
18(3).DAT?

WRITF(6,310)

WRITE(6,311)

WRITE(6,310)

ISND=S ALND

TAR=0,0

TAREA=0.0

DO %0 t=}, TSNN

ARA=XYHI T Y {XYCA(T)+XYCELTIND/249D

TAR=TAR+ARA

XYAUT)=ARA

XYP(1)=100.0%4ARA/S0

SLOX=0,0

TR 1ol EoNHRRISLOX=SLTAR{T)

TAREA=TAREA+ARASSLOX

CONTINUF

TARFA=TAREA®XND*VENY

XOOmSQRT (0, 0% TAREA/3,1416)/12,0

TAREA TAPEA/164,.0

NAYI=TAREA
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T

DAT2=XDD
DAY 3=VAREA®C DO

 YAREA=TARSXNO/146.0
TPOR=TAREA®100.0/(S0/144,0)
MRITE(6,309)VCBI&6)oVCBE4TY,VCBI3) «DATL,VCR(38),VCB(48),VCB(49),VC

. YBU3),DAT2,VCB(37) ,VCBULSHVCBI(T),VCBI(3),0AT3,VCBE38Y
WRITE(6,4308)
CMRITE(S6430THIVITLECKY ,K=1,12)

. . MRITE(6.312) . .
WETTE(6,313)
WRITE(64314)

DN 90 1I=1,ISND
J=ISNO-T1+1

i : XYP{JY=XYP{ JI*XND

__HHHRT=XYY {2, 4} 7XNR
HHHRB=XVY{ 1, 1) /¥HR
XSOF=XYR{JI®XNO/ L %dean

. p ) TOHRITECE G IIGIXYYE2 v SV o HHHRT o XVCA L) o XAL S ¢ XYC L2, 0)

e 8 WRITEL6¢316) 1 XYH{JI ) XYALSY 4 XSQF 4 XYP (I}

g 8 WRETE(Ae31TIXYYIY 3 J ¥ oHHHRBoXYCB(JI) o XBII) o XVYC( 14 J)

= L IF(LLGT4NHBRIGC TO 1284 L

© PRSN=(SLTAR(T}/SOI*100,0%XNO

: XSOF=»YNO*SLTAR(1)/144,0

o o C SLYNT=SLYOV#XSOF ) S

R PRSLT=PRSLTPRSO

SRINY WRITE{6+319¥143PCUTI4SLTARCE) ¢XSQF,PRSD

b k. o G0 TN 88 o )
. 1284 IF(T1.E0, ISNUIGO TN 88

oo PRSN= (ARSI /SN H10040%XND .

K 9 o CXSOF=XNO®RAR(J§ /1440 L .

. ' CRYOT=CRYQOT+1SQF

i .. PRSTNT=PRETOTAPASN
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WRIVE(6,327)VENT
WRITE(S,326)VENPD

WRITE(6,329)TAREA

MRITE(6H0324)TPOR

FORRATIISHNOTOTAL SLOT ARSA = ,F12:3.TH %05V )

FORMAT /1TH PERCENT OF SO = oF12,3)

FNRMAT (28HOTNTAL CRESCENT SLOT AREA = ,F12.,3,7TH SQ.FT,)
FORMAT{19HOTOTAL VENT AREA = (F12,3,7TH SOFT.)

FORMAT (20HOTOTAL CLOTH AREA = oF12.3,7TH SQ.FT,.)
FORMAT(1248,7X,11)

FORMAY (1HY 0 24X,12A6)

FORMAT (2F10,0,56X,A6)

FOPMAT (1X,213,3X,9A6)

FORMAT { 7TF10.0,9X,11)

FORMAT(44HO INSUFFICIENY DATA PROVIDED TO DESIGN CHUTE)
FORMAT{3F10,0,446X,A6)

FORMAT (1HO 26X, 12A8)

FORMAT(1H1+42X,45HR T N G S A I L CHUTE DES 11 G NI
FORMAT (1% ¢3A6,F10e391X0A0012Xe3A6:F106301XeA6012Xe3A69F1063,1X,A6)
FORMAT (1M )

FORMAT 1434 CHECX DN AREA AMD OlA, FROM SATIL SUMMATION)
FORMAT(1HM0,63X.,42K6 O R € ANMD S AT L DESE G M

FNRMAT(103H40SATL DISTANCE W/MR SAIL MIDTH SAIL XIDTH
L GPRE WiINTH HE IGHY FREE SAIL AREA)

FORMAT(3117H NN, FROM APEX LESS SEAM

1 AT SATL 0% Safri SC. IMe SO FY/RING PERS SO/RING)

FORMAT{5HO TOP,2X,5F12,3)

FORMAT(IX 12,62X,4F12,%)

ENRMATITH RDOTTOM,5F12,3)
FReMATISOX. 1 1H{CONT INUED) /)
FORMATIIOMOSLOT ND. 113,56%,4F12.5)
FORMATI14HOCRESCENT SLOY,65X,3F12.3)
FORMATI(S0TI1+429%, 11

TORMAT 1601 .F1060s9X0 11.9X%X,11)
RETUAN

END
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10 CHUTE DIA. = CANOPY AREA DRAG AREA  ND. OF GORESL/CHUT
20 £ DIA.DFS.CND RIGGING LGTHLINE LENGTH RUISER LENGTHGORE L

10 EMNGTH 6,44 HR/NM VENT RADIUS VENY DIA, DYLAMBDA SUB C SUR G
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83 8¢ RISERS N/ VENTY 70,
180180 SHOATA
718 10,0
2% 2000
e 716 30,0
AR 34,0
2730 6060
2 736 45,0
e 798 48,0
1809 9040
o820 58,0
+ 829 60,0
830 7000
932 80,0
° 836 90,90
s 9138 1000
e B82S 110.0
« 8338 120.0
2835 130.0 - ENNATA
24,8 =4 Te B
=18e8 =39,1
o ‘ Q. 3 - 3@0 &
-3, 7@ =287
=%,80 =R 0D
=189 md, A4
0.0 0.0
1489 %035
G608 12,0%
’.00 21.7
9,08 204
1068 39,2
ENDATA
D. 00 1.06 108
A, 6T 1~0128% 10168
Qb 1517 108
8, 60 1.0 1.0%
1eC 1.0 1.0%
ENDATA
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