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ABSTRACT 

solution, for the fully inflate shap,. of the eirclllar cano_ 

pies of flat, extended skirt, conical, personnel guide surface, and conical 

ring slot parachute, in steady descent are given. The solution for the flat 

canopy use. ., . first approximation the Taylor curve, and after taking into 

account the Mines, of the gores, yield, a shape having a ncunied ape* rather 

than the flat top characteristic of the Taylor curve. The solution for the 

flat canopy is fbund to be adaptable to all the other canopies except the coni. 

«1, even though both the conical rtrç slut an, the personnel guide surface 

canopies a» cónica, in entirely new solution is developed for the conical 

canopy by obtaining a first approximation that neglects gore fullness and 

then atering this by taking fullness into account. Several representative 

dimensions obtained from each anaytical solution agree with correspondi* 

dimensions obtained from a photograph within 9¾-within about 4* for the 

flat canopy, the only type analysed which ha, been given previous theoretical 

study. The earlier theory differs fncm the flat canopy photograph by as much 

a. 3.«. These discrepancies a» probably due only in part to theoretica 

inaccuracies. 
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Cord tensions and cloth stresses consistent with the analytically deters 

in* shape, a« calculated. The effect, of »aryin* such parater, as the 

suspension line length, nunber of gores, am cone angle, as well as the effect 

of design detail, such as shortness of Unes over the canopy, extra gore mi¬ 

neas at the vent, bias gores, and reinforcement details, are studied. 

Í 1 

PUBLICATION APPROVAL 

This report has been reviewed and is approved. 
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Colonel, USA? 
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Tensile force in the cord. 

Total «ight of suspended load and parachute. 

Weight of suspended load. 

Rectangular coordinate, of points on ths cord. 

inflated radius of cord (MIR), 1.,. 

▼alue of X. 
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HST OP S1MB0IS, 

abbreviations, and definitions (oont) 

a.cUngul»r «ordlMtM of point» on tho cntoriin, 

of tho gore, 

valuó of Xg, 

Value of X at the skirt. 

T«luo of JC,* for t thMMticl cord shapo. 

Value of 3¾ for a photographic^ cowl shape. 

Value of X at the edge of the vent. 

Vertical distance from apex to MIR. 

Value of z at the skirt. 

Cartesian coordinates of that portion of the coni be- 

lw MIR with respect to a set of axes X, Z, whose ori¬ 

gin is the point (j^, sj. 

The half-angle formed by the extreme radii of curva¬ 

ture of a plane curve determined by the intersection 

of one inflated gore with a plane 

Value of a corresponding to the MIR. 

Value of a corresponding to the skirt. 

Constructed cone angle of a conical canopy. 

The angle between suspension lines and the axis of 

canopy. 

Value of Ô for a photographical cord shape. 

Value of 6 for a theoretical cord shape. 

f 



HST OP SfflBOLS, 

ABBREVIATIONS, AND DEFINITIONS (OONT) 

P 

Pn 

CT i* <7 pi 

t 

tu 

The angle between the tangents of two adjacent 

cords at points equidistant from the apex. 

The angle of a flat gore. 

The angle between two adjacent cords on the conical 

surface formed b7 the uninflated canopy of a conical 

parachute, 

Radius of curvature of the cord. 

Value of p at the MIR. 

Principal stresses in a gore (lbs/in). 

Angle foraed by the normal at any point on a cord 

line and the canopy axis. 

Angular measurement about the vertical axis. 

NOTE: Secondary symbols not listed above are defined in 

the text where they are introduced. 
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INTRODUCTION AND REVIBf OP LITERATURE 

The importance of knowing the stress distribution in paraehutes and its 

relation to parachute strength lies, as in all airborne structures and equip¬ 

ment, in the necessity for minimising weight, since stress analysis is an in¬ 

dispensable element in light-weight design where strength is a factor. The 

need for minimum weight is emphasised by the fact that personnel escape para¬ 

chutes may be used only once (if at all) in the life of many aircraft, and are 

merely dead weight most of the time. Paratroop tactics and the widen!ig utili¬ 

sation of parachutes for stabilisation, missile recovery, parabrekes, and car¬ 

go dropping, as well as in devices for escape from aircraft at extreme speeds 

and altitudes, make the problem one of major importance. 

The development of parachutes to meet the new needs has proceeded chiefly 

along empirical lines, but, as more than one scientist has pointed out, experi¬ 

ments do not lead to understanding except when they test the validity of a 

previously developed theory. Parachute technology has now advanced to the point 

where empirical methods need to be supplemented by analytical treatments. 

The deteraination of stresses in a parachute is essentially an a'roel&stic 

problem (insofar as the cloth and cords may be said to be elastic), and experi¬ 

ence with structural failures in parachutes, as well as measurements of snatch 

and opening shock forces, indicate that the critical stresses occur during the 

opening process. The steady state problem is of interest, nevertheless, be¬ 

cause the maximum stresses in the infinite mass case, which approximates con¬ 

ditions of deployment for braking applications, seem to occur when the parachute 

WADC TR 55-294 1 



1« iulljr, or *l»rt fully# oponod. lho «t«âdy doaeonb problea hj ,1m urn 

u o helpful prellslntry to the «oro difficult ,nd Uportuit probln of the 

dotominotion of eritteU transioiit atrooooa during opening by th# 

probable influence of eone of the parameters« 

The stresses in a parachute canopy are dependent upon the inflated shape, 

which in turn depends on the stress distribution so that the two things are in¬ 

separable; however, it is possible to get visual checks on the shape while the 

stress distribution can be observed only indirectly and with some difficulty. 

In fact, in the case of parachute canopies, no such experimental data is as yet 

available. Much of the present work therefore consists of calculating shapes 

from assumed stress distributions« 

. There 18 an imposing array of parameters which influence canopy shapes 

and stresses; for example, gore pattern, number of gores, sise, the ratio of 

suspension line length to canopy cord length, stress-strain properties of the 

cloth and cords, cloth weave, direction of cloth warp, and design details such 

as seam and vent reinforcements. While the present work does not attempt to 

account for all such factors in one all-enveloping analysis, consideration is 

given to as many as possible, and it is chiefly in this respect that the present 

¿wudy goes beyond previous work in the field. 

The earliest analytical studies of parachute canopy shapes seem to have 

been made by the British investigators Taylor, Southwell, Griffiths, Jones, 

and Williams, at the Royal Aircraft Establishment in 1919. This work was stsmar- 

ised, together with some other work, by Jones in 1923 (Reference 1). The first 
e* 

theoretical canopy shape, upon tfiich all other British wo* has been based,was 

obtained by Taylor, and is called the Taylor shape. The British approach, as 
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pr«ent«d b? Jone«, doe« not attenpt to «n«^j« « given camp,-- ineteid It »t- 

t«pt« to tolve the probl« "What ahape of parachute wiU have the leaat «eight?» 

It 1« flret aaauftd that there are a very large naher of suspension Unes, and 

that the oanopf pattern Is flat. When the canopy Is Inflated, the cloth bulges ' 

out between the cords, «s the number of cords, N, Increase«, the radius of the 

bulge in a p’sne normal to the cords, rj, decreases. In a membrane, the re- 

' ’ ' ‘ - ^ (1) 

'to Id s» Siii ter/ large ^tpired ho r1# ignore f2/r2. 

Then 

fi “ üfl (2) 

But '» Inrlaser, r, decrease., whence in the limit ^ ■ 0. It is therefore 

reasoned tiiat the excess material oetween cords could be removed without chang¬ 

ing the basic inflated shape of the canopy, to achieve a minimum weight design. 

The argmuent as given by Jones is somewhat more complex, but amounts to the 

same thing. It - ^úá not escape notice that from here on, Jones is necessarily 

talking about a surface of revolution. By expressing ami 1¾ in terms of x 

and 0, it is then shown that the equation of the generator of this surface is 

sin 0 ■ x2/^ (3) 

which is called the equation of the Taylor curve. 

Bquation (3) is the solution of Equations (1) and (2) provided that the 

differential pressure p in Equation (2) is constant. Jones also gives the shape 

when the differential pressure p is equal to A [b ♦ (m - 1) (r/^)nJ , where 

A and B are constants and m and n are non-dimensional parameters, for the cases 

B - 1, m and n having preassigned values, and for B - 0, m - 2, and n having pre- 
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I. 

«u-d «I»*. H. Äw. th.t th.M .h^.^6. d.rtTwl frc. th. Tvlor 

•bip«. 

In •ddlU.n, th. .«.et 0f Introiudtg . clro«f.r.ntUl t.«lon, ^ / o, 

rtU. th. di«.r.i*lC i. conrt.^ 1. i„„*lgâUd. ^ ^ 

n-Tln* f2, .h.p.a «r. clo*^ t. .otuü shtp«. «un do., 

th. Ivlor .h.p. .r. ohUln^. Thl. .pPro.oh b. „ . .-hod „ 

counting for gore fullneeeee with a i nfr. 

In 19*2, th. totale «ü^l. w.t »-«cndn.d h, st.wn, „d JohM 

.»c. 2). Ihv «» InUr,^ i„ th. c.M whar, th. 0f lin., i. 

It .ill b. worth eoMld.rlng thrtr .»lomi. In d.tail. Sm Fig«, U 
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Por •quilibri» of t strip of cloth between two planes 

«■dng forces normal to the cord line, 

Td|l • 2p*x ds/N 

(approximately) Also 

dx ■ ds cos 0 

Dividing Equations (4) by (5) 

T d0/dx 2xpx/N cos 0 

a distance ds apart, 

(4) 

(5) 

(6) 

s»p»r»ting th. Wrtrti.. and int.gr»ting „ uni8li that 

p is constant) 

* /t »• 0 <0 * iqa? (J) 

But «quilibrium of wrticl forcoa on that portion of the canopy abora th. plana 

requires that 

MT sin 0 » pw^ ^ 

Obviously, T Tust be constant and equal to 

i • p*& (9) 

Subatltutlng thia in Equation, (7) or («) yiold. Equation (3), th. aquation of 

tha Taylor cum. Fhrthar, aine. T 1. conaUnt, thar. can b. no aha«. b^„n 

doth art cord lina., the cloth Undone .at to nonul u th. con,.. Th. ap. 

proach giran hora ia again sonawhat diffarant than tha original author.', but 

yields the same conclusions* 

An lnt.ra.tlng thing about Storana and John.' reault la that they find tha 

doth atrosaaa to be only clrcu^.rantial (contrary to a sUtamant in Kafaranaa 

3, p. 116), while tha original Taylor dupe was fbund by assuming that only ma- 

ridiond «tras, adata. The original analysis lauda U infiniù strasse, .t th. 
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apexj Sterens and Johns1 doss not* Incident ally, an analysis aads by Duncan, 

Stmns, and Riohards (Reference 4) shows that the stress at the apex of the 

Taylor parachute is not infinite if the elasticity of the fabric is taken in¬ 

to account* 

daman work on parachute stresses has dealt with surfaces of resolution. 

Beck (Reference 5) produced expressions for the membrane stresses in a variety 

of shells of resolution for pressures both constant and linearly varying* 

(Reference 6) in the United States has also considered parachutes 

as surfaces of resolution. Finally, an insestigation of conical ribbon para¬ 

chutes by Jaeger, Culver, and Della-Vedowa of Lockheed Aircraft Corporation 

(Reference 7) should be mentioned* 

As a basis for further woA, the most helpful of these analyses is that 

of Stevens and Johns (Reference 2). These points are to be noted, howevert 

1) Their coni shape is independent of the canopy pattern. 

2) Conparison with photographs indicates that the Taylor shape is 

flatter than any actual inflated canopy. 

3) There are three inaccuracies in the development! 

a) The area between cords on which the pressure acts in K^iatrlon 

(4) i® greater than 2xx ds/N except near the maximum inflated 

radius, where it is less. 

b) The slope at the center line of gore is smaller than the corre¬ 

sponding slope of the cords. 

c) The projected area on which the pressure acts in Equation (8) 
e 

is greater than xx?. 

In the present study, analysis of five specific circular canopy designs 

is attempted; namely, 
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2) Extended Skirt 

3) Conical 

4) Peraonnel Guide Surface 

5) Conical Ring Slot 

All except No. 5 are »lid cloth types, and it aay be noted that No. 4 is 

a conical type. Only pressure distribution, uniform over the canopy will be con¬ 

sidered. This is Justified by experimental work on parachute models reported 

by Jones (Reference l), which indicated very nearly constant differential pres¬ 

sures over the canopies, with the maximum variation (about 10*) occurrir« at the 

pressure tap nearest the skirt in every case. 

The report is divided into four main sections. In Section 1, Basic Theo¬ 

retical Shapes and Cord Tensions, solutions for the flat and conical canopies 

are developed which serve also as important parts of the solutions for extended 

skirt, personnel guide surface, and conical ring slot canopies. Some other ap¬ 

proaches are investigated and the variation of cord tensions between skirt and 

apex is compared for the theoretical canopies as well as the relative magnitudes 

of these tensions. 

In Section 2, Comparison of Theoretical with Photographically Determined 

Canopy Shapes, the various theoretical canopy shapes are compared with Aapes 

obtained from actual photographs. The flat canopy shape is also compared with 

the Taylor curve. 

In Section 3, Effects of Various Parameters on Canopy Shapes and Stresses, 

the influence of such factors as suspension Une length, cone angle variation, 

and various design details such as shortness of cords over the canopy, and vent, 

rib, and skirt reinforcements are investigated. 
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In Snotlon 4, Cloth Stroues, the nrietlon of cloth etres. ,t the cord 

mth dietence f ron the »pe* le ehwrn end the effect of blexlel etreeeee In 

otnlght «1 Me. gore. 1. inreetlgeted. So« expertartcl data on hlaxUl 

etreee propertlee of fabric are dlaeuaaed and the kind of etreae-atraln daU 

needed Is pointed out. In the final section, the relation between stress and 

porosity in paradiuts canopies is studied# 
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SKnON 1 - BASIC THEORETICAL SHAPES AM) CORD Trayy« 

WIHOLUCnOH 

Sections 1.1 to 1.5 doal with the oord and canopy «hap* of the flat canopy, 

la S«tion 1.1 a cord .hap. 1, d*«*l»d by Tvlor,f #qlutloll ln 

cordanoo »1th asouptlon* ooncoralng the «hap. of the goro. Thl. glm a cord 

•hapo that la too doop) ooneaquently, la Sootloa 1.4, It la coaplad »1th tha 

Taylor curre »hoa* coordiaatea ara giren In Section 1.2. Tha portion of tho 

cord bolo» tho Maxi« Inflated Radio. (MR) 1, .,«cd to be a p«bolie arc. 

Section 1.3 gira, «nation, by »Uch the parecer, of the parabolic arc a^ bo 

deterainad. Tha three portion, of tha oord are awuria«! In Swtlon 1.4. Ir 

Section 1.1 on. of the puaartcr. 1. «hown «tltrarlly. Thl. choice 1. further 

•xaadned in Section 1.5. 

Section. 1.6 and 1.7 glr. tha flrat « a.oond approxlaatlon. to tho coal. 

«•1 aaopT. la tha flrrt approxlaatlon wctlona of the gore cut by horiaontal 

planea ar. aaauaad to be polygon, and the cord curre 1. a.cumed to be aymetri- 

cal about the MR. Oalng the cord ahupe of tha flrat approxlaatlon and taking 

Into account goro fullnaa. na» cord coordinate, are derlred as tho wcoM ap- 

ppoxiattion. 

Section. 1.8 and 1.9 glr. aolution. of the cxt.rded aklrt and ccrtwl ring 

Mot «aaopl.. »Mch ar. baaed on th. flat cawpy. Tho p.wonn.1 guide wr,.« 

canopy .tap. 1, colead in Swtion 1.10 by con.id.rlng th. .ff.ct of th. pockrt. 

on tho shape of a flat canopy. 

Section. 1.11 and 1.12 glr. the cord Map*, am tendon, for th. fir. can- 

cry typ.« diacuaad «tan the parameters le, 1¡ and H and the differential prea- 
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sure, p, are held constant for all types, 

2a!_Shape of Flat Canopy from Apex to Marl mm inflated Radius 

Stevens and Johns (Reference 2) arrive at the Taylor equation 

^ * V' a" 0 U.1.1) 
for the shape of the surface formed by the cord lines without any consideration 

of the uainflated canopy pattern. From this result, they evolve a design which 

has come to be called the Exeter type parachute. Since it has been observed 

that the cord lines do not actually take the Taylor shape for all parachutes, 

the assumptions and approximations used were examined to see which ones would be 

affected by pattern geometry. It appears that the most important one is an as¬ 

sumption that the projected differential area on which the pressure is assumed 

to act has the area 2nx ds/N, The actual projected area normal to the canopy 

surface between two planes corresponding to x ■ x and x ■ x ♦ dx is rot rec¬ 

tangular but instead is bounded on two sides by curves, so that this area is 

greater than assumed by Stevens and Johns, The snaps of the boundary curves is 

a function of the canopy pattern. In the case of the flat canopy, the Taylor 

shape may be regarded as a first approximation to the actual shape of the in¬ 

flated canopy, or rather of the curve formed by the cords over the canopy. This 

fact can be made use of to obtain a second approximation, and this corrected 

curve could be used as the basis of a third approximation, and so forth. 

The steps in such a procedure are as follows» 

1) In Figure 1,1,1a the cords are assumed to be Taylor curves, 

X2 ■ XgZ sin ¢, as a first approximation, 

2) The distance between cords at points equidistant (points A and B) 

from the apex is 2x sin n/N. See Figure 1,1,1a, 
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3) The distance between corresponding points in the flat pattern is 

2s sin u/N. See Figure 

4) Th. itallM« of the line AB is 2 (. - x) in n/H, or directly proportiorr- 

al to the fullness (s - x ) of the cords. 

5) Based on step 4 the line AB is also assumed to be a Taylor curve 

n ■ b sin Ç where u and Ç are coordinates of the points of the curve 

AB on the inflated canopy, corresponding to x and 0 respectively of the 

cord. At the point A of the Taylor curve AB the coordinate % is assumed 

equal to the coordinate 0 of the cord curve. See Figures 1.1.1a and d. 

Thus u/b - 

6) Assume that the plane formed by the normals OA and OB intersects the 

gore in a circular arc of length s1. See Figures 1.1.1a and c. 

7) At the maximum inflated radius, assume that (¾ » x/2 (see Section 1.5 for 

Justification and discussion of this assunption). As a consequence of 

this and step 5, .90. - b - rx or u2 - r-j2 sin 0. Thus the Taylor 

curve AB is always the same Taylor curve independent of x or 0, The only 

variable quantity is the portion of the Taylor curve that applies at each 

point (x, 0) of the cord. At the MIR the Taylor curve is complete; at 

the apex it degenerates to a point. In between, the point A is determined 

by the angle 0. 

8) Since from step 7 the Taylor curve AB is always part of the same Taylor 

curve u ain 0 it seems that it is reasonable to assume that the 

circular arc is always part of the same circle of the radius r^. Only 

the half-ang^e a varies. At point A, r^ sin a ■ x sin n/N ■ u ■ r^ 

\J sin 0. Therefore sin a - \J~sin 0 • x/x^. (1.1.2) 
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’) lw“ ““ tta "“*«• of th. gor* ftw th atrei. fo y» hoitaoiM 

~.U« of th. «„ff through poli*« i tal B i. dro»^ vUl>lrtetl 

wtth «dio. ^ Th. «d. ot tu. OfUndar p..,.. thro^h th. 

«1. «d U.. U, . pum tãaint to th. .urf... of rw,ltlU<)n ^ 

.W hf th. oord cum. .t ttat point Udnvbrt«« p.i„t, A ^ ^ 

HU tto. .motion th. Uml«. »« of rulo, n ^ „*nl 

2« projet, on t horUonUl plu. «• u .111p« of wU-Unor ud. 

H nd MBl>«Jor ud. rj cm f, (l hrtt.r uproUnotlon mtild b. to 

«•sum a ooidcal surface.) 

») Thi. horlaonUl dUp« proj.ct. ort. th. UngutUl plu. of , 

“ *n<>th,r .UiP« »Ith Md-u.. rj ud rj «rt ¢. 
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«ffOT 1.1.2» 1» » »»»hat enlarged »1« of figure 1.1.1.,. ^ ltlt2b 

1» a flea of the circular are of cent«! ^1. a, «Ml, figure 1.1.2, 1, a rt.w 

.f the eUlpae *0B project«. oMo the tangential pi«» of .Up 9 b7 the horlson- 

tM elllpee that 1. project«! bjr the circular are. lat 1 be the length of tb. 

ellipee ACS. T»o cue, arise «ben 0 < 45* and ^ 45., In the flret oaee ^ 

1. the eeal^nlnor «d. am In the ..end c.„ ^ i. the aeM «j.r^ude. st^ne 

and John. u«d 2»^ for the length U Her. « MU uee the actuM length U 
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f 

Fiift Cjgf ^ ^ 45* (oot ^ Ij ^ oot 0 > Hence ^ ■ alnor seal- 

«xis) 

Figure 1.1,3 

t * tngle parameter (dunaqr rariable) 

Unite of nj2t ^ ■ are cos (VtiTt) 

Parametric equations of the ellipset {X ■ r], oot ^ sin # 

7 ■ *1 oos <> 

dl ■ Vdx^ X dy2 

dx ■ cot JÍ cos # d^# dy ■ -ri sin # d|> 

dL2 ■ [ri2 sin2 t + rf cot2 f cos2 #] d#2 

L ■ 2zi oot 0 
/^2 /— 

'/ Vi- (1 - tas? 

L ■ 2r^ cot 0 [b - E (k, ï)] 

0) sin2¿d? 

(1.1.3) 

where E is complete elliptic integral of the sec¬ 

ond kind 

E (k, tf ) is an elliptic integral of the 

second kind 

k2 ■ 1 - tan2 0 
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SSSüSLätt *>k¥ (cot n 00t ^ <r!, *1 ■ Mjor Md-txis) 

Figure 1*1.4 

i ■ tflgle ptrawter (duaj Tarltble) 

Lhdts of ft 0 and V2 - S - 

- M*c íoü (Vain ¢) 

Í 
X ■ cot 0 cog 

7 ■ ri «ln * 

dx - oot ^ «ln # dj-rioos^d# 

dL2 ■ r^2 [l - (1 - oot2 0) «la2 * ] df2 

f'1^2 " ^ Í-9-—- lm2ry yl - (1 - eot2 «ln2 ^ <9 

- 2¾ * (k, V2 - 8) (1#1#4) 

E (k, ^2 - 8) 1« an elliptic integral of the 

second kind 

k2 • (1 - cot2 ¢) 

Ttao the length, 1 of the .OllptloU projection of the hoilsontel Motion 

of the cenopj on the teng.ntlel pleM 1, giT,n b, either on. of the elllptle in- 

tegrale of the eecond kind, iquetlono (1.1.3) or (1.1.*) dreading upon f. 

Sterens and Johns' Equation (3) 1« 

Tdjí ■ 2pxx ds/H 
(1.1^5) 
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Th« ftctor 2xx/m is rsp]Aosd her« by L, Thus Squstion (1.1*5) bsooMs 

T40 ■ pLds 

Sines dx ■ da eos ÿ (sss Pigure I.I.I4) 

T 00a 0 40 ■ pL dx 

whieh ean be • ittsn ts 

t áissü. . 
1 p ^ (1.1.4) 

Bquatien (1.1.6) <u to if tto lacgth 1, etn to found ts a 

function of sin 0; i.s., 

i ■ »i * <*» « (UU7) 

nu* 1.1.1 foom ninas of 1/¾ *»r Ttiions ralnss of ^ and in ?igurt I.1.5 

ttoso Tainos aro plottod. Those data najr bo approxlnatod bjr an oquaUon of sse- 

ond degree to gite sn easily integrable expression« 

f (sin 0) " a sis? 0 * b aLn 0 * o (1.1.8) 

The salues of a, b and c are detemined by the values of at f • 0*, 

45* and 90*. Except for 0 - 0*, the values of ean be obtained fn« from 

Table 1.1.1. At jí - 0, yields the indeteminate fom oe x 0| however, by 

applying L*Hospital’s rule onee it can be shown that the 

Un V*1 ■ 1 

0 — 0 

Using the values of 1/¾ at 0 - 0-, 45* and 90- the constants a, b and c 

become a - -1.367, b ■ 2.36?, and c ■ 1. Equation (1.1.8) then is 

f (sin 0) - -1.367 sin2 0 ♦ 2.367 sin 0 ♦ 1 
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T»bl* 1.1.1 ftluM of l/ry for Tari ou s valu«« of 

l/*l *0« Eq. (1,1,3) l/rx trm 8¾. (1.1,4) 

10 

20 

30 

40 

45 

1.38 

1.65 

1.82 

1.94 

1.99 

45 

50 

60 

70 

80 

90 

1.99 

2.029 

2.082 

2.055 

2.026 

2.000 

L/r vs ÍAC1 UAL 
r~i 

CUf VE«, 

•L/n /ssi ÄRA ÎOUÇ APP ROX hiA- 

f ti¿m 

PC •nh • i re the trvi ? Vd luet ' °l 
VS si I 

10 1 3 3 ) 40 5 ) « ) sc 100 

y-i—!——I—I_I_I Z -3 4 .5 .fo .7 .8 .9 1.0 
sin 0 

Figure 1.1,5 

Using the above values of a, b and c and Equation (1.1.7) in Equation 

(1.1.6) the following résultat 

pry 
T5 

dx 
d (sin i)__ 

■1.367 sin2 jí ♦ 2.367 sin 0 ♦ 1 
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which integrates to 

*• .30051¾ A 5$} I (1.1.9) 

The constant A is evaluated by noting that x ■ 0 when 0 ■ 0. Hence Equation 

(1«1«12) bocones 

T X ’ -3°°5 ^ 

• 90* and X ■ Xjm SquAtlon (1.1.10) glm 

. .59671 

I % 

(1.1.10) 

(1.1.U) 

ThAMiM-A xabAtltutlng Bíjaatian (1.1.U) Into ïqoâttonÛ.1.10) rasultt in 

x • .»36 % lo* 5.65 ãíá© 1 (1.1.12) 

Froi Figure 1.1.1a, ds • tan jf dx. 

Differentiating Equation (1.1.12) with respect to 0f and substituting into 

Equation (1.1.13) the following résultat 

‘••-»»'(■Mn' itâlzn) * 
Integration yields 

1-.5036 ¾ Last«1 - 1 

‘,375 148 flfl'U ^ * 1¾ ~ H 

the constant of integration -.138 is obtained by noting that s • 0 when 0 ■ 0. 

the length Of the cord curve fron apex to any arbitrary value of 0 may be ob¬ 

tained from 
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• • ix/eo» 0 (1.1.15) 

,0 

/d* ‘1 
or , 

•/» ■ ,5512 tan (I.14O tan JÍ/2 - .5473) 

♦ .5378 log £(.351 tan (Í/2 ♦ .064) (.351 tan ¢/2 ' 1.936)-1] 

♦ 2.1073 (1.1.16) 

Tabla 1.1.2 Valúas of x/*« and s/xa for Various Values of 0 

0 x/x^ (Eq. 1.1.12) */% (Eq. 1.1.14) 
e 

0 
2 

4 
6 
8 

10 
20 
30 
40 
45 
50 
60 

70 
80 
90 

• 

0 

.04814 

.10034 
•14910 
•19489 
.23814 
•42480 

.57612 

.70183 

.75640 

.80574 

.88868 

.94971 

.98729 
1.00000 

0 

•OOO94 
•OO342 
.00775 
.01348 
•O2O4O 
.07014 
•I4042 
•22859 
.27836 

.33235 

.45091 

.58169 

.72191 

.86731 

Tha coordinates of Table 1.1.2 are plotted in Figure 1.1.6. This shape 

whan ooaparad with photographs of inflated flat canopies is too deep; i.e., 

the Taylor shape, which is too flat, has been over-corrected. Since the Taylor 

curve is most in error near the apex, a combination solution is worked out in 

Section 1.4. For this purpose and for comparison, the coordinates of the Taylor 

curve are needed. These coordinates are calculated in the following section. 
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Parametric Equations of Cord 

X/Xm =. 503fa log 5.8S » ' EQ 

amd 
VXm-.503fc[z.28W^teid ..37í(09 Epu„ 

Figure 1.1#6 
Radius'11*7* f°r * mt 04001)7 from Apex 10 M«1«® Inflated 
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hl-jwHDi—pilonal CtUiUii Coordinatt» x/*m *ad »/ah of the Paint» of 

T4yIor»8 Cnm Olvro by th> gqiution x ■ ½ V¿ñj 

Differentiating eqaation 

x ■ x* \fdn f 

with respect to ^ and taking eqaation 

ds ■ dx tan $ 

into account 

d* '(xji) sj ■in 0 d0 is obtained, 

from which 

*m*/z r V*1“ ^ (1.2.1) 
/ o 

^ Substituting cos t for sin f in the integral of Equation( 1,2.1) the integral 

Jq V®1“ t 4 becomes f 2 «2 cos2 t dt tl . ^2, t2 • cos“\/^" 

y 1 Vl ♦ cos2 t 

Finally Iquation ¢1.2.1) becomes} 

2 (E - B (u)) - (K - u) .- * 
VT (1.2.2) 

where E is the complete elliptic integral of second HnH ^ <y/l - J dn2 t dt 

B (a) is the elliptic integral of second kind ^ 
cos"1 Vain 

1 - J aln^ t dt 

K is the couplets elliptic integral of first Mnd / r" 11 .- 

/o V1 “ i 8in2 b 

cos ,-1 

and a is the elliptic integral of first kind 

/yÄn $ 
dt 

V1 “ i «in2 t 

WADC Tú 55-294 a 
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Th. portion of th. cuopr brtmm th. HK ud th. Mdrt 1. diffloolt to 

taüjri. riforouilj b.0.0.. of irwguartti.. on.«! by th. ftot that th. hotto. 

of t gor. tdt*. in ve not in * horiionUl plin., ini th. foot tint it i. nur 

th. rtirt thit non-unlfomitjr of pnunr. 1. wit Ulcrtj to .xirt. FhrtuniUly, 

tht l.ngth of cord inwlwd 1. not lug. ^ 1§ ltrgtf 

Thcnfor., for tínpUoity, th. eord mm in tU. r.gion 1. unwd to b. 1 pu». 

boUo tro. K 1. ahown in Saetion 2.6 tbit th. dlffanne. batm.n th. paraboU 

and th. Tagrlor cur« 1« thi. region ha. a «gliglbl. ,ff,ot on oampr *,,, ^ 

1. a further Ratification of th. aaawpUon. Th. «Ration of th. p«»bolic arc 

it obttimd tt followst 

ASBUBptiOMI 

1) The portion CA of the cord below the KIR 

it 4 Parabolic 4rc with Ttrttx of the pert- 

bole 4t C 4nd exLe elong 

2) The redlat of cumture of the perebole et 

its vertex is equel to the radius of curva¬ 

ture of the curve ebove et the point C. 

The equation of the perebole is (origin et 

C) 

Z-on/x ■ 0^ -X (1.3.1) 

dZ/dl - ¢/(2 sfx ) (1.3^) 

d%/A- -«/U3^2 (1.3.3) 
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Radius of curratura of ths parabola at Ci 

P-Ibi 

t“(î)!iw 
ñ 
ai2 

(1.3.4) 

Substituting mlusn Area Equations (1.3,2) am (1.3.3) Into Eqiation (1.3J,) 

results in 

fe ■ «*/2 

fiom which ° ■ V2* 

than Equation (1.3.1) boconas 2 * 3¾ y2p^ï~ • x/x- 

The length of this parabolic arc is giTen by 

dX 

(1.3.5) 

(1.3.4) 

(1.3.7) 

(1.3.S) 

«bars Ij, • 
* * ^-¼ (1.3.9) 

* 

SubstitutIr; o2/« for (dE/dl)2 (tant EquaUon (1.3.2)) Into Equation 

(1.3*0) we get 

lb -f' y/i. cva <jx (1.3.10) 

Equation (1.3.10) nay be integrated by letting ]/ 1 + c^/4X ■ cosh t. 
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With this substitution ws got 

*2 

cosh2! 
*"T 

~,an^ dt ■ Jsf 00♦ f 20* cosh t ♦ l 
sintrt 2 2sinhZt cosh t • I 

■ 4 

2 Vi » oVmu Vi 4 2 

e2/«ek 
log 

° Ai^f ♦ i 

i ♦ i2/«* -1 

^ *» • kalt%, 

Thsn from trlangls AOB Figuro 1,3.1 

**» * x*Al ’ ksk/kj • 1/n 

But cot a - (dZ/dX)T „ _ . -2-». 

1 x* Xsk 

sad cot 6 
Vi¬ sing Vk82 " kjjj2 

sin a “ «Vn2 - 1 

Thsn c - 2 cot eV* - ** - 2 Vïii^kf 

e2 . ^ks2 * ^sk2) U ■ kgit) or 

csk 

using Equations (1.3.12) and (1.3.¾) in Equation (1.3.11) » got 

*2 

*1 

(1.3.11) 

(1.3.12) 

(1.3.13) 

(1.3.¾) 

WADO IR 5Î-294 
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2 12 
(1 - kA) (k, - kdc ) % 

2k*2 

V_ksk2 

krtt2 

* log (1.3.15) 

»it lb ■ 1c - 1» ■ ½ (kc - ka) (1.3.16) 

Using Equation (1«3.16) In Equation (1*3.15) and aftar some slspllileatlons the 

latter one beeomest 

kc - ka 
1 “ ksk 

[zn^«2-!) loífri] 
l-kA 

t (n) (1.3.17) 

Equation (1.3.17) can be mitten kl lEi - k4 ■ * t (a) or 
•'s 2 

k p X m Icrif M / \ 

^sk - kÄ ■ -^ 1 vn)# Kxú aolting for we obtain 
*8 2 

ksk ■ f * ^a 

f (n) ♦ 2n 
(1.3.1Ö) 

Combining Equations (1.3.5) and (1.3.14) and solvit« for we obtain 

kak - 1- ¿ pJh 

n2 - 1 
(1.3.19) 
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Thf quantities kg and Pg/xg are deterained by the shape of the oord above 

the «axlia inflated radius. The ratio kc/ic¡ Must be known for a given canopy, 

To detexnine ksk w Must assuae values of n in order to find that value of n 

that will satisfy both Equation (1.3.18) aryl (1,3,19). 

Table 1.3»1 gives values of the function f(n) for several values of n. By 

plotting f (n) vs. n fron the values of Table 1.3.1 it can be shown that a straight 

line approximates the data well between n ■ 2 to n - 3.4. The equation of this 

line is 

f (n) ^4.240 n - 1.1¾ (2^n - 3.4) (1.3.») 

Equation (1.3.20) nay be extrapolated for values of n > 3,4 but not with 

the sane accuracy of 0,l£. 
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Flat Canopy 

Hitter tte solution of Soction 1.1 nor th. Toylor cum, SocUon 1.2, i, 

8000 f00U*h ^ itMlf 10 m th‘ «tepes «Tllubl«, Tte solution 

of Section 1.1 gire. . «tap, ttat is too deep ftp» âp,x to KIR «hilo th. TVlor 

-te 1« to. flut, esp.clâllj i„ tte nlghbortete of tte op.,. ,or th.„ m80nt 

tte solution of Section 14 is used for th. upp,r portion of th. col cum uhil, 

tte Taylor cum is u«d for th. portion .hove ^ i„ the nlghborhood of tte 

HR. A parabolic cum i. u^d for tte portion of tte cord cum tel» tte KIR b» 

eau» it is tte step!.* cum that fits th. photographic step, and also satis- 

îles the necessary boundary conditions. 

Th. arbitrary angl. 45* is chos.n for th. ralu, of tte p«-a»t.r 0 at uhich 

th. »lotion, of Soction 1.1 ate Taylor-. cum »st. Although a bíter «1«. of 

2 could be foul by uatching radii of cumtura, or by tril, tte »re ooupl.x 

solution r.wilting would »t b. Jurtifil by tte «raU inora.,, ln accuracy. Tte 

ü^n ralu. of th. ratio 1^ d1.nl»,, tte snd potet 0f th. con, cum tel» 

th. KIR 1,«, used 1th tte l.ngth of tte cord fr« apex to MR. 

The portion of th. cord cum fros, «p.x to MR i. determined such ttat th. 

cum of Solio» 1.1 „1 Taylor-s cum tare th. so,, x/*, at 0 - 45.. At 

0 - 45* th. Cart.slan coordinate, of th. cum of Soction 1.1 and Taylor-, cur,, 

ar. xA, .7564, ^/½ * .2784 and V*« • .8409, ,/¾ • .2269 reapectirely. if 

both cum. are tote oontimous, ter. th. same first d.riratire, at 0-45-, 

«d 1» ter. a coo»» oiigin.it is nocrary to mtelfj th. coordinates of th. 

«um of Section 1.1 for OÍ 0 ¿ 45« by th. factor .8409/.7564 - 1.1U7 and to 

«id th. difference (.2784) (1.1117) - .2269 - .0826 to th. ,/x. coordinate, of 

tte Taylor -m for 45^0*90-. Kith the,, modifications th, par^tric 

WAPC TR 55-294 30 



equrtions tor th. eoordlmu. of th. cord cor« fro. .pox to MIR cr,! 

ISlJlljLlàH - RqucUonc (a.1.12) aid (1.1. U) 

(1.4.1) 

(1.4.2) 

* - 1,1117 (.5036 j*) log 5.85 .ffi ♦ «ln j 
2.083 -. sin jî 

2 ■ 1.1117 (.5036 xji) i 2.28 tân*1 tan fl/2 - 1 
L 1.827 

- -375 10‘ - .13«] 

for 45*-8^00. - Equations (1.1.1) and (1.2.2) 

* • % \4in 0 

8 * [2 (2 - E (u)) - (K - u)] ♦ .0826 3¾ 

K»» th. MIR doomard th. cord cur« 1. . parabola who» „rUx 1. at th. 

HR. Th. radio, of „„.tor. of th. parabola at it, «rt.x i, th. »me a, that 

of th. Taylor cur« th.«, and it. l.rçth i, defined by th. «tio ^ and' 

th. length of th. cord from apex to MR. According to Section 1.3 th.» con¬ 

dition, ». satisfied by Equation. (1.3.18) and (1.3.19) which are giren below. 

(1.4.3) 

¢1.4.4) 

ksk - -fLnj + aça 
f(n) ♦ 2n kc/k' 

ksk * 1 - 1 Pa/3^ 
n2 - 1 

(1.4.5) 

(1.4.6) 

1, 
The quantity 1¾¾ is the length of th. cord curre abo« MR. Thi, length 

1. * .8324 3¾ ♦ ,4155 ,,, 
(1.4.7) 

in which the first factor of the flr«+ *, _ x. . ,, 
1 at term is the length of the curve of Section 

WADC TR 55-294 
31 



1.1 from 0 ■ 0* to 0 ” 45*« This length nay be calculated from Equation 1*1.16 

of Section 1*1 by substituting 0 * 45* into that equation* The factor 1*1117 is 

the magnification factor mentioned above* The second term is the length of the 

Taylor curve from 0 ■ 45* to 0 ■ 90*. This length is obtained by integration as 

follows! The Taylor curve is 

(1*4*6) 

which is an elliptic integral of the first kind and hence its value is *4155 x¿* 

With ka - 1.3409, yig ■ kf/kg - .56, and pm - 

*m 
2 77sïn p» * “e 0 5 

0 . 90 

Equations (l.4»5) and (1.4*6) bee. me 

V, . f(n) ♦ 2.6816 
kék f(n5 ♦ 1.12 n 

0 • 90* 

4? 

. i 
2 

0-90« 

(1.4.9) 

These two equations are satisfied by n ■ 2.8385 which gives ■ ,96460 

and .96458 respectively. The angle 0 ■ esc“* n - 20* 3Ö*. The coordinates of 

the parabola are then calculated using the equation of the parabola (Equation 

(1.3.7)). _ 

1 ’ *» * =¾ V1 " T (1.4.10) 

where Zg is the z coordinate of the MIR the last point being obtained with 

*sk/*m * ksk 
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Th« result of ecabinlng th« thr«« portions of ths cord curve are given in 

Tables 1.4.1 and 1.4.2 and plotted in Figure 1.4.1. 
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on Flit Canopy Cord Shapo 

In the solution of Ssetion 1.1, th. sssonptlon that a, - is »do. 

WhUs this 1. the most natural assumpUon for a,, th.ro 1. no obrtous mson 

»hjr It must hold truo, and m this .action th. lnflu.no. of this pa™»t.r 1. 

studied, 

Th. larg.rt value which ca can han without on. gore int.rf.rtng with a*, 

other is g/2 ♦ i/l. Photographs, however, suggest that a, < Is more prob- 

abl. than c, > x/2. Th. angle u for most canon!,, app,«., to b. less than t/2 

all th. way from ap«x to skirt for ordinary designs, though by making th. ratio 

lo/ls sufficiently large, a can undoubtedly be made greater than V2 below the 

Mffi. On the other hand, value, of o, less than about V3 or possibly n/4, have 

not been observed. The present investigation is therefor, limited to g/4 < a, 

< n/2. or ,7 < sin Oq < 1,0, 

The generalised analysis below correspond, to that of Section 1.1, and ap¬ 

plies to flat canopies, step. 1 to 6 of th. argummt remain unchanged, the re. 

nainder are generalised as follows i 

7. aã < n/2, ^ - ^2 " b * rl 8in the curve AB is still just one 

Taylor «nre from apex to MIR but it is a smaller Taylor curve at the 

MIR than for 0^ ■ n/2, 

8. Th. Taylor curve AB is changed to u2 - r^ ,in2 a, sin ¢. At point A, 

rx sin a . X sin VM ■ u ■ rj sin a. s/7i¿T. Therefor, .in ^ - 

sin v/rtiT? ■ (x/xj sin . 

9 & 10 are unchanged. 

As before, it is necessary to dstenaine the length L of the elliptical arc 

projected upon th. tangential plane. Equations (1.1.3) and (1.1.1,) are 

except for the limits of integration. These equations are 
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! 

s*/2 

f l’2n «tf I ^¡7 

°í 

, 0 • co»"1 («in Og Vein ¢) 

U * Uo 0) «li|2 ^ <l|> (1.5.1) 

(1.5.2) 

one« 

_ s*/2mh --- 
I-2¾ / VI - (1 - cot2 >1) «ln2 * 64 

k¡'90* 

8 - co«"1 («in Cn^/üñ?) 

^ * ■ 0, 1/¾ 1. «gain indotenrinot., tat by L-Hocplt.!-. Hui. 

(1.5.3) 
Li» l/ri - iln2 a, 

0 — 0 

Th. «luo. oí o, ehe» mofo «ln o» • 0.7, 0.8, ata 0.9. sin o„ . 1.0 la 

glwn in Soctlon 1.1. With thoso throo toIuo. nf » .k 
nr** T*luM of “n ‘h«« equation« of the t,p« 

Vri ' fl {An « * I*1»2 (1.5.4) 

war. dotortaned with 1-1,2,3 d^ing .1» ,. . 0.7, 0.8, 0., roopocUvoly. 

Tablo. 1.5.1 and 1.5.2 gl« raluoa of 1/¾ for 0 Í ^ Í 4;. ^45^^90- for 

the throe «1««, of a.. Th.», a» plottta In Figure 1.5.1. 

¿.o\ 

0 /0- ¿0 JO 40 so co m SO t>0 
^Degrees u 90 

gur. 1.5.1 - Variation of Vn to (Í for Variou. Valuó, of tan a. 
W*D0 TB 55-294 3? % 
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A. ü. Stetion 1.1 th. oonattnt« .1. bi, «d n of letton (LU) m 

t.i^»d by urtng th. Talu« of Vn »t i» • 0, 45- «a With th.« nU', 

of 1/¾ th. pMwrtrie «juation« of th. CwUrtu. ooortintt'. x .m , w 

■ind ud Um th* l«i(th ., Th. «suit. ar. giren talo». Ih, eoortinat.. x/% 

and 1/¾ are given in Tabl. I.5.3 for 0 • |l • «/4. 

Equation, of 1/¾. V%, and ./¾ tor Variou. VU»., of o. 

1/¾ • - .Í0* .in? f * L5U rin )( ♦ .490 (Una,- .7) 

• - .757 Uh? f * 1.717 fin ^ ♦ .¿40 (Un (¾ . .g) 

• - .998 »i!¿ 0 ♦ 1.988 Un ^ a .g» (rtn ,¾ . .9) 

• • 1.367 Un* ^ ♦ 2.367 Un 91 ♦ 1.000 (Un o, - 1.0) 

V% • .5168 log [9.639 (.290 . un « (2.796 - Un fl-1] ,(un o. - .7) 

■ .52911*g [7.96 (.326 ♦ Un 0) (2.594 - Un 0-1] ,(un «. • .g) 

.5224 log [6.74 (.347 ♦ Un 0) (2.338 - Un 0)-l] ,(un 1% • .9) 

« .5036 log [5.85 (.351 * Un 0) (2.OS3 - Un 0)-l] ,(Un 0. - 1.0) 

" 1*107 Un"1 (I.O71 Un jf/2 - .3029) 

. -.1566 log [(.290 tan 0/2 ♦ ,043) (*290 tan 0/2 ♦ 1.957)"1] - .1934 

(«in <% ■ .7) 
■ 1.147 Un"1 (1.084 tan 0/2 - .4178) 

-.1824 log [(.326 tan 0/2 ♦ .055) (.326 tan 0/2 ♦ 1.945)-1] - ,1977 

■ 1.156 tan"1 

-.193e» * JS 

■ J.. 1481 an" 

-.1888 log 

(«in % ■ .8) 
(1.106 Un 0/2 - .4731) 

[(.347 tan 0/2 ♦ .062) (.347 tan 0/2 ♦ 1.93g)-lJ ..1543 

(«in (¾ « .9) 

(I.I40 tan 0/2 - .5473) 

[(.351 tan 0/2 ♦ .064) (.351 tan 0/2 ♦ 1.936)-1] - .0695 

(«in % ■ 1,0) 
WADC TR 55-294 40 



•/% • .3»5Í Un'1 (1,071 tu f/2 - .3*27) 

♦.5400 lo* [(.290 Un f/2 * .043) (.290 tan t/2 * 1.957)'1] *2.2064 

(«ln (½ ■ ,7) 

■ .4421 Un1 (1.084 tan f/2 - .4178) 

♦.5597 log [(.326 Un t/2 ♦ .055) (.326 Un t/2 ♦ 1.945)"1] *2.174« 

(ain % ■ .8) 

■ .4942 tan"* (1.106 tan f/2 • .4731) 

♦.5570 log [(.347 un t/2 ♦ .062) (.347 Un ¢/2 ♦ 1.938)-1] *2.134« 

(alna," .9) 
■ .5512 tan"* (1.140 tan 0/2 - .5473) 

♦.537« log [(.351 Un t/2 ♦ .064) (.351 Un t/2 ♦ 1.936)-1] *2.1073 

(ain <% ■ 1.0) 
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The tabulation of V% and 8/½ is restricted to the range 0 *= 0 - 

because this is the on]jr part of the curve which is ultimately used in the oonf 

bined solution of Section 1.4« The maximum difference in x/% and t/x* for 

various values of % may be expected to occur at or near 0 ■ n/2, however, 

These values are tabulated below. 

Table 1.5.4 - x/% and z/% for 0 ■ and Various Values of sin (¾ 

sin % 0.7 0.8 0.9 0.10 

,7838 

.2720 

.ves 

.27« 

.7685 

.2758 

.7564 

.27» 

The maximum difference in x/% is 4*3£ while in z/j^ the maximum differ¬ 

ence ia 2.35Í. The maximum error in the cord line ahape introduced by taking 

sin % - 1.0, accordingly, should be more than 4 or 5%; in fact, since 

in most cases seems to be greater than n/3, the error is probably less than 2%, 

The assumption in Section 1»1, that ■ x/2, therefore seems justified, since 

greater accuracy is not claimed for the solution. 
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L.6 Bxttndad SIHt»». 

Th« txttnded iklrt otaopj it 0m in which 

th* tritnjulnr gore it txbradtd by mam of 

t traptsoidAl pitot of fAbric At indioAttd 

in Figup« 1.6.1. Denoting by D/2 the longth 

of th« gor« «dg« froa tht optx to tho point 

"hört th« fAbrie tzttntion ttArte, tho tom 

"txttnaion" of An txfctndtd dcirt ctnopy i, 

dtfintd as the ratio of th« gtOMtiie Alti¬ 

tud« of th« tropoiold to th« length D oxprttt- 

•d AS A PercentAg', in «rttndtd riclrt oano- 

pi«« in which th« «xtension it 1(¾ or 12.5JÍ, 

th« Angl« included b«twe«n th« «xtonsione of 

th« «qual «id«« of the trapeioid ie9 Accord¬ 

ing to current deelgn practic«, «qual to th« 

angle of the triangular gore portion. 

In the analysis of the cord shape of an «^ 

tended skirt canopy it is assumed that the 

t-- V \ www 

in the inflated state, that is D/2 ■ 1*, and 

thit th* tbe™ th* ^ 15 írtelo, slidltr f ttat given 1. 3.^0, 

M, *hU. th. cord portion > jw HIH folloM . pcraboUc arc. 

Representing by e the extension, expressed as a 
, wAfawea as a ratio, of an extended skirt 

canopy we have by definition 
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— 
ti , I 

• ■ 
4 oo» (vfr) 

(1.6.1) 

obtain we 

ib- Jit 
Mt (VU) (1.6.2) 

^Poa Section 1.4. I4 ■ m ^ 3409 %j 

h«M Equation (1.4.2) bacoiea k 2.6818 a^e 
"ooa (a/Nl 

(1.6.3) 
(1.6.4) 

Substituting action (1.6.3) «Í (1.4.*) in th. Ration 1* - 1. ♦ 4 „„j*. 
in 

1„ • 1.3*0» % ♦ £ÉSLa! - 1.3409 1. ^ noa n/u Í.J4U9 % (1.6.5) ms n/r ^ 

For the oord portion from apex to MIR th« rrinw.*! a 
•UR the coordinates are those of Table 1,4,1, 

Tabl. 1.4.1 gire, tbs ratio. Md t/x^ n 0 fro, 6 * 0* to 6 * 90* 
in Table 1.4,1 

M given 
1 

( 
). 



The portion of the cord below MIR it asauned to be a parabolic arc at wat 

done in Section l«/* The detendnation of this parabolic arc it slightly differ¬ 

ent fron that in Section 1.4 since the length of the parabolic are is known fwn 

Equation CU6.4)* 

Fron Section 1.3 the length of the cord fron MIR to skirt is given by the ex- 

pression % Í1Í* f(n)j hence t 

2.6818 %e 
cos (V?) 

or 
2.6818e 
eosTtTSJ 

Ait kA - kj/n - (ke/n) (k^/kc) 

(1.6.5)), 

* 1 2*** T(n) ^ 

* «») (1.6.6) 

(1 ♦ rö,2*/j() k«Ae (—• (ration 

Then E<piation (1.6.6) gives 

f(n) 
cos n/n 1 
1.3409 "ñ 

4e_ 

(cos 10* ♦ 2e) kj/ke 
(1.6.7) 

For a particular extended skirt canopy the extension e and the ratio k¿/kc are 

known, and Equation (1.6.7) can be solved by trial and error for the unknown, n. 

The parabolic arc is given by the equation Z ■ c\/l (1.6.8) 

in which Z»s are measured from the MIR downward, X«3^-xandcisa constant 

determined as follower 

Differentiating Elation (1.6.8) results in dZ/dl ■ ç/2 )/T (1.6.9) 

For I - % - *,k . H (1 . **), dZ/dl • ^1 '^/n)2 ' • V»2 - 1) thsn EquoUon 

(1.6.9) gires 
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V/5Ti’ iv^î-^c) #r 8 • 2 - 1) U - k*) 7% (1.Í.10) 

Htne« BqoAtion (1.6,8) bec««« 

2 • 2 V(^ - « (1 - k*) (1.6.U) 

Th. «lu, of k* Inrolwd in Ration (1.6.U) o»n b. dH.mln.d from «nation 

k,,. • i«2422 d* 2# » iA 
“ » V oo* VM ^ (1.6,12) 

Th» •Quation tor tha ahape of the cords for the extended skirt canopy with 

M ■ 24, Vli ■ 0.6, and a 1(¾ extension is worked out in Section 1,11 and 

plotted in Figure 1,11,8. 
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». Taylor *4p. 1. clearly not a good approxl»tlon to th. .hap. ,f an ln. 

WnlMi '“W- ^r, a* Dalla-Vedowa (R.f.r«c. 7), ^ ^ 
«»tlgatlng »nlcü rtbbon o^pi.a, th. conl 

UM ^ th* PlUi 4 " »mptlcü arc tangent to thl. Un. art to 

*~th.r rtratght Un. b.lo. MU. Whll. thl. app»..,, W g. aMfld „ 

». a.oid^ to attapt to obtain . »Mion haring . „„ fund«ntü phyrtoU 

basis. 

T*° “*” lntrodaMdl (« “ * ««h WroxMtlon, th. Iblln... 

of th. gor, of th. inflat«! cnopy 1. „.gUct* th. action, of th. campy cat 

hy horiaontal plana « ..«ad to b. ag^a polygon., (2) th. cord b.1* th. 

“d“ "dlU* 14 4MU~d ‘o Tollo* a cum .^.trtcl to a portion of 

th. cord ab.« th. MR. th. ^«7 b.1^ mn^.m about th. MB. 

For any horlsontal ssction of the canopy 

foxnsd by aitting the cords at points x dis¬ 

tant fron? the axis of canopy the equation of 

equllibrlu® of the upper free body is 

N i x^sin (2s/k) « NT sin 0 

or T sin 0 ■ J j^psin (2s/N) (I.7.1) 

Figure 1.7.2 shows an infinitésima length 

ds of the cord as a free body under loading 

by the fabric. 

The resultant fabric-cord force df corr*«ponl- 

lag to a length d. of th. cord 1. glrta by 

the equation. 

dF • (ds cos ^ ) ti 

Therefore the equilibrium of forces upon the WADC IB 55-294 
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«xis of T glitt the «quation 

T ♦ 2dF oot (V2 ) ■ T ♦ AT 

''X or AT • 2fid» eo>XrtnX (1.7.2) 

. But dt ■ tee jí dx; h«no« Equation (1.7.2) 

fl airöX 
cot ^ 

beeoBes 

dT/dx (1.7.3) 

T+AT 

Figur« 1.7.2 

Frai tho right triangl« ACD of Figur« 1.7.1 

CD ■ CA oot 0 

Fran the itotoolet triangles BCD, BCAt BC/2 " CD sin 10I • CA oot ¢. 

Diliding these two last equations w« got sin U/H ■ ¿SJ 

or sinX ■ sin(s/N)cos 0 

hence oos X ■ \/l - sin? (^M) oos2 0 

Det«raination of fl 

oos 

(1.7.4) 

(1.7.5) 

The resultant of the forces acting nomal to tne infinitesimal strip CE 

(Figure 1.7.3) is equated to the normal components, upon the plane of this strip, 

of the axial forces acting along the strips of the canopy on either side of CE. 
A 

Normal force on CE ■ 2x p sin (x/n) cos A ds 

Axial force in BC ■ f^ cos ^ ds 

To find the normal component of the latter 

force upon the plane of the st'lp CE, the 

trihedral solid angle C.ABE is considered 

from a different point of view in order to 

clarify the picture (Figure 1.7.4). 
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In Figure 1,7*4 BL ie nomal to the place ACE 

BH is normal to the line CA 

M is normal to the line CA 

Mm Angle (unknown) formed by BC arri the normal CN to 

the plane ACE 

BL - BC cos//- BH sin (Angle BHL) 

But angle BhL - 1Ö0» - B.AC.E when 

\N B 

- B.AC.E where B.AC.E 

represents the dihedral angle formed hy the 

n-err 
»AC and SAC. 

Then BL • BC cos // BH sin (B.AC.B) 

(1.7.6) 

’£ But BH - BC sin (*/2 -X ) - BC cosX 

Therefore Equation (1.7.6) beoomest 

Figure 1.7.4 

cos// - cos X 8in (B.AC.E) (1.7.7) 

Prom isosceles triangles BCE and BHE we 

havet 

BE/2 - BC sin (n/2 - n/M) - BC cos n/M 

and BE/2 - BH sin (J B.AC.E) 

Then BC cos n/N - BH sin (i B.AC.E) or 

BC/BH cos VH ■ sin (i B.AC.E) (1.7.8) 

But BC/BH ■ esc (n/2 ) - sec X 

Hence Equation (1.7.8) becomes sec X cos (s/fc) - ain (J B.AC.E) 

and Equation (1.7.7) becomes 1 
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eos// V«*2Â - oo»2 (Vil) 
(1.7.9) 

Th» th. ccKponent »«l to th. pUn. of tho »trip CE du to tho udtl 

ihr... oohlng .Ion* th. tw .trtp. 1. fld. A 

h. oo-tion or .qulUtrt» Of th. for». t, th. pu». 0f th. .trtp CE i„ 

2xf .ln (^|) oo. A d. ■ 2¾ oo. A oot/UU 

SubrtituttBi Equ.Uon (1.7.9) ln th. tat .qutlon r.»lt. 1» 

=9» U» (VU) . a. y/^X -oo^ 
OOÕÃ (1.7.10) 

^ ^ (1-7-5)* -2A-i-^(Vh) „.a (vh) 
Th»c. Equation (1.7.10) boeoBMi 

np Un (VU) • ^ \/ï- rtn2 (Vk) ëëJJT^ (v») 

ftom which f, ■ _ xd ooiÀ 
¿ CO« In/sj «in ^ 

Snbrtitutlnj E^tlon (1.7.11) i. ^tlon (I.7.3) »«it. lB 

• ip Un (VW) [l - .m2 (VU) oo.2 ÿ] CM 0 

Mfr.MnU.Ung Equation (I.7.I) «. obtain 

T 00. )í djí ♦ rtn )> dT - p Un (2i0l) rH> 

SubaUtuting Equation (1.7.1) »da.7.12) 1, E^Uon (1.7.13) „ s.t 

(1.7.11) 

(1.7.12) 

(I.7.13) 

dVx . oo»2 M) oot 0 _ 

2 co.2 (VW - |_1- .m2 (VU) «„a * (1.7.14) 

Inb«grttingt 

log X - co«2 (Vu)/----- ^___ 

co«2 ( VN) - [l . ein2 (V») co«2 0] *C (1#7,15) 
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■ ... ■■ " 1 » !■ 1 mw¡ fin »I-I- ■> 

x*% 
(1.7.W) 

*W infirrti« indicts in Equnti.n (1.7.)3) tEd ttkl 

i»to ».»«nt th. tonada condi«,,» x 
lug «quation % ^ »*. « obUin th. ftll«. 

/00» (2t^) 

Y“»2 (Yn) cot2 f * co. (JVK) 

^th* ^17 ef th* ^ it i. ttat thw,,.. 

r ^? ^ ^th# --—- * -« - 
do not h.y, any Ph^icnl ««nin«. m. lifting «1«, of f 

can be either ß or some angle fí'>* /3 ,.. 

dppor Doinfc ho 3 ß' ^‘i"8 nlU* °f * ^»in., « upper point abore which the Bquation fl 7 ^ ¿ 
a .. ^1 n (1‘7,16) d0« “* •»Id b.,«M 
P th. corrasponding x is f«r from b.ing Mro. 

^ tl»t this Siting TOlu. of , U0>>ß , th. „pp., portion ,f tb. 

J * f ^ « it spp™.*.. tta 

1 cl J “ #,“ti0n ^ ^ ^ (1-^- « P-t- -i 

ITI ^ ^ ^ - — - - - h. . relation 

.TI T . IV ^ U" ^ ^ ^ - “ — sssiaption Irt rj. • . ç a»i rj sin « - , rtn 

Then ft 
PI aíãTft 

-■ c 
* «ln (VNJ 

»~rth..p«, X..0..^, .o o/^,, . § 
*1P (w/k) cos^ 

7 U the Wn> r” —' - - - - . iorisontal tangs. 

{x/vh **■ Ti" • Ç Mn (V») in which |< 
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Sino« a > ein <L, thl» leide to inoMOlee If ^<^H, ee of oouree It le In 

e conle.1 oenopy. Then en two poeelble elternetlTeei 1) The urd tension le 

not nellf content end the eenopr le not flet on top but rather of e conical 

ehepof 2) the «rd tensl.n le «ntent end the infUted eenpp ehepe le <~»Tpn- 

dtnt of tho pattern. 

The first alternative appears to be the oorrect one for solid conical cano¬ 

pies, in which the cords are sewed to the cloth or actually consist of a heavy 

seen from skirt to vent; but the characteristic conical inflated shape near the 

apex is not seen in photographs of conical ring slot or personnel guide surface cano¬ 

pies. In the latter the cords are sewed to the canopy only at the skirt and at 

the vent, but in the conical ring slot canopy the cloth rings are continuously 

sewed to the cords. The cord tension in the personnel guide surface type is 

necessarily constant except perhaps for the effect of friction, and photographs of 

both types show a rounded apex. The second alternative is arrived at by the 

following reasoning. It is certain that the line described by the arc 2s ^ in 

the plans of the flat gore does not coincide with the arc 2ria in the inflated 

state. The center of the are 21*0 oust be a distance greater than s from the 

apex when measured along the centerline of gore if its ends are a distance s 

(along the cords) from the same point; so the length of such an arc in the flat 

pattern oust be greater than 2s ^ . 

The »allsst value r^o can have if the anomaly at the apex is to be avoided 

is sw/N. Since a conical canopy cannot be flat at the apex when inflated without 

being wrinkled, there can be no real agreement between the uninflated and inflated 

shapes, and it is necessary to depend on a solution which is independent of the un¬ 

inflated shape. One such solution is given by Stevens and Johns (Reference 2, 
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P««« 7). 

Khll. th. rM,0„ for thi. !„ ^ p.^ gald, surf4M ^ 

OP, i. of -O..** th. codant t.Mion ^ „„ ^ ^ ^ 

1» not at aU claar in th. o... of th. conicü rtng .lot typ.. Ja.*,r, Oul«r, 

«i D^la-T^a (H.f.r,«. 7) «at. that in a »„i^ ribbon ^ 

n.*U ribbon.), «th. conical .hap, i. ^*ain.d Mar th. top% althn.gh „ 

photograph, or oth.r «id.*, ar. pr.„ntM in ^ of th,. ut„ 

on, hnmnr, »obMr™tlon. of photograph.- ar, „f.^ to, ^ic ^.rt thit 

th. conical .P«x «. actually ob.«™,. Th^r anal^., ^ ^ 

gi»». s.ro twision at th. apm. Thus th. ^ 
P Tmis th* o0"1««! rtng .lot canopy, which ha. a 

~ ^ -1 TOUld be ^ ^ brtwM„ th. conical and th. conicd 

rtbbon typo., apparantly r..»bl,. n^th.r in it, inflate .hv., ince ^ 

the latter haw oonical apexes. 

It i. conclude abore that th. portion of th, coni arou*. th. ap,x for th. 

cónica canopy 1. a traight line which i. to rtart ^ th. ap.x ^ 

ond at th. low.rt point wh.r. « ■/? . It i. .vidant that thi. freight Un. 

i. tang.nt to th. l«,r curva portion for which Equation (1.7.16) told.. 

Differentiating Equation (1.7.16) and «brtituti^ cot* d, a* „c 0 d. 

alt.rn.tiv.ly for d, .a int.gr.ting th. „.ulting .quaUon., tOing a« into 

account fcunda* condition, that i. for 0 . ^ , ^ . ^ ^ ^ 

ho * * .« /3 wher. * i. th. valu, 0f x tA.n EqUati,n (1.7.16) for 

0 ■ /3 , we obtain respectively: 
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«ot Æ y oo« (2i0r) \/ 
oo» («/*) cot* ß *<x>i (ayji) 

-% -IW,Z f«/») 

00» (2101) yoo«2 (0) « 00. (VU) (1.7.17) 

Si Voq» (2«/K) _ ] _ 

y cob2 (b/H) oot ^ ♦ eos (2b/N) 

♦. yôo» (zu/» (* 
’ 00« (V») / 

ál 
'ß fl - tan2 (b/H) alii2 0 ] 3/z 

to be noted that elinination of paraneter 0 between Equations (1.7.16) 

and (1.7.17) leads to the equation 

(^½)2 ^ (.\-*)2 

1 * (/¾2 
• 1 

In which A • — n J~ ^ oot2 <3 ♦ op. 
V o«« (ay*) 

(1.7.19) 

(1.7.20) 

and B 
oos2 k [l ♦ eo« , r -, 

00« (a0() * t-**0 WV ♦ i] > i 008 (2i 

for n > 4# 

Equation (1.7.19) is that of an ellipse with eemi-aajor axis - 

seni-oinop axis ■ 1 
and center at x/% - 0, z/x^ • a 

Table 1.7.1 give. of the norwä^n^ooel ooordlnete. x/x. and y% 

for earioue ralue, of the parater angl« f brteeen ß u* 90*. 
The sane table 
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i 1 

gives also values of 8/¾ obtained by nonerical integration of Ecjution (1,7.18), 

The list of constant values used in this table ie given below (va3*ies of N and 

ß have been chosen a* 24 and 30* respectively for this «ample)* 

© 

© 

© 

© 

© 

© 

oos - ,96593 

ooe2 (u/M) ■ ,90295 

/»s (2n/N) ■ ,9828 

oot /3 • 1,73205 

^082 (n/ti)jo^_Ê_±_çoe (2a/ll) 

cot ß / oos (2n/H) 

- 1.00011 
/cos (2100 

cos /3 ■ ,86603 

__/ooe (2n/N) •_ 

008 #/0082 (i^ft) cot2 /9 ♦ cos (2i/M) 

/cos (2 

1.16228 

.7735 

cos (n/ÑJ .99129 

f 

tan2 (n/N) ■ ,01733 
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Portion of the Cord below the Maximum inflate 

4.8«« that th. portion of the cord bei» th. KDt follow a cunrs (of unk^m 

lœgth) 8J»»trlcal to that .bow th. KIH, the .jnaetry being oowUewd vith 

spect to NIIU 

Assumo also that Iq/I* - ,6. 

Arc CD is symnetrical to arc CB about x^. 

B is an unknown point« 

9**ak - W (1.7.21) 

Due to the synmetry of CB and CD 

0sk - 180* - fe (1.7.22) 

Then 0 - 90* . )¾ (l.7.23) 

B“1 *sk ■ 18 »in « - lg oos ¢3 (1.7.24) 

Also Xsij ■ XB (due to the symmetry) 
(1.7.25) 

Then Equation (1,7.24) becomes: 

*B - 1^08¾ (1.7.26) 

But 1c*0D*0C + CD*20C-0B (1.7.27) 

Dividing Equations (1.7.27) and (1.7.26) we 

get 

loAs 008 0B ■ (2 S - SVxß 

Figure 

er .6/00.¾ . (2 % - $)/¾ (i,7.28) 

Table 1.7.1 provide, value, for £/¾ (Column @ for 0 - 90*) as well as for 

08/¾ (column (§) ). The wme table alw provide, value, for V% (column @ 

Table 1.7,2 give, value, of 0,6 Me / and (2 6c - 2)/¾ vs (Í, 
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PÍÃUr* wpwsents the graphs of the curvee 

71 ■ 0.6 lee 0 and y2 - (2 0C - S)/^ 

both 71 and J2 being plotted against 0. 

Th. cc-on point of th. cum. of fl^iro 1.7.6 l. that which wU.fl« the 

•quation 71 ■ 72 or 

0.6 see 0 - (2 0C - QB)/^ that is Equation (1.7,28) 

ConMqucUjr ««!. t which com.p^. to th. point of Infection of th. 

aboye curvee is that of the point B. 

Th. graphical »luUon ,f Equation (1.7.28) raprawnt«! ln Pigur. 1.6.6 gi«, 

0B ■ 72.65* 

Thcnfor. f>* • 180-- 72.65. . 107.35. », , . 

ngU" ^7,7 the '"P1*** «m a*™ f«m th. ^ to th. ädrt. 
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Elutions of Corj 

I) Portioh OA, ^ * 30* 
XA* x0 * -4H 74xm f * » X tan 30* 

V Portion AC, 30*$ 4 Í 9o* 

X Xm -J ZtJH 

^coi1 rr/N cot1^ ♦ co, 2ff/N 

Z* /—_____ 

cot a /777177/7 v*0*1*/" cot1 a +cosIit/n 

cos 7t/N cot ^ 

^05 ■2,r/AI ^ WN C.t1 * f ?,/N 

Portion CD, 90* i ^ Í /0 7. Ji0 
«Symmetric»/ of CQ 

Wgur, 1.7.7 - OortShap. of ^Oonical,C»nopy. First Approximation 

64 

.M 

» 

) 

WADC TR 55-294 



I» th. prtTiou. Section 1.7 the cord shape of a »ideal canopp ha. been die- 

“,Md fttlta... 1» the go».. In the present »«Uon the ftOln«. 

of the eanopp between adjacent corde la »neidend in a auner that ei-pn«.. 

the ooqnUUone of the cord paruetrle eqnaUons which are derived fra» the 

•cpiatlons of the first approximation. 

Because of the conptadtj of the expressions involved, a maerLoal solution 

is giten. The particular conical canopy considered whenever numbers are given 

has these constant paraaetersi N - 24, ß -30% lo/lj - 0.6 

o 

B 

Figure 1,8,1 
Figure 1,8,2 

Kg*™ 1t8tV. part of the Unin- Figure 1,8,2t Cone Formed by Cords in 

flated Canopy Corresponding to the Inflated Shape 

Uninflated Portion of the Cords (Second Approximation Considering Fullness) 

ahd sin sin (i0O cos /3(1.8.1) ß' . 30- 4« 8.6« 
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FUurt 1«8.1 (flPHfc) Figure 1#8.2 (oonb) 

B«C»/2 • CO' «in (i0O - QIC» ein f • 

C'O'/OO» «in (VN) - «in 

or ein ft - «in (i0l) coe /J» (1.8,3) 

»in fi -(113O53) (.065426)- .112964 

f' ■ 6# 29' 10,3« 
e 

eoe f i - .99359555 

The equivalence between pyrwid and cone ie that both teve the eue central 

angle when they are developed into flat circular sectors. This ie necessary ba- 

cause of the assumed inextensibility of fabric. 

«ln f-(.13C53) (.06603) 

-.1130429 

f ■ 6* 29» 26.5" 

cos?- .99350095 
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Consider s pinne gor« (Figur. 1.8.3) and suppose that th. .„gl» 2 * 1. bl- 

««ct«d. Furth.rnon supp.M that the cords, shaped «, stated in Section 1.7 

(first approximation) approach the vertical axis .. that their upper straight 

portion, »ay tom the cone of Figure 1.8.2. In this case the angle Included bo- 

tw«, two adjacent cords is 2 * • < 2 $ and the coordinate, of all point, of 

each cord change; namely x's decree» and s'e increase. But the variation of the 

coordinates can be neglected becau» of the mail variation of the angle ß . 

How suppose that this plane gore of Figure 1.8.3 is broken along the «.Mo¬ 

tor In such a way that the angle fomed by Its edges be 2 f <<2 $ . In that ca» 

the edges OB and OC of the two-fa« gore can be brought into coinciden« with two 

adja«nt «¡Ms of the inflated canopy in the first approximation. This coinrfd_ 

concerns the straight portions of the cords« 

Figure 1.8.4 shows two adJSMnt «rds OBB], and 0CC1 of the Inflated canopy 

(in the first approxlmtion) with the broken gore positioned on it. This figure 

also shows the partUl »inciden« of the «lg., of the gore with the »might 

portions of the cords« 

Bringing in coincidence the stmight line. CCj and así with the cum. 0¾ 

and BBi respectively, the straight Une H^, («nterllne of the gore) follow. » 

assumed cum 8¾. while OßJ «incides with the centerline 0¾ of the 

gore of the first approximation« 

Figure 1.8,5 represents s true view of the curves 00¾ and 011¾ lying on the 

txial plane bisecting the gore« 
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o01* 0¾ Md CiE X to thi oord 0¾. Th» 

.-H PlM* IntorMeis the curre OHH^ at t 

I In Figure 1.Ô.6 auppoee that BB i. to the 

The tern "Halting aaeeN is ueed as an ab- 

brerlated expression for the case in which 

the gore of Figure 1.Ö.3 instead of being bi¬ 

sected, is dirided into an infinite maber of 

Then OR X OH (OH ■ Coplanar with CH and BH) 

Froa Figure 1«8*4 GH X OR, BH X OH 

Figure 1#8»6 

ftc.«, tta. forming * oonlcU mrfte* when poeittoned te dteeribed »bow (Me 

Figure X8.4)« 

Awiinnt^nni 

1) The intersection B1FC1 of the plane B^iE with the two-face gore, as shown in 

figure 1,8,6, consiste of two straight portions BiF and FCi# 

2) In the Halting case the lines BUG, 81¾¾ and B^ keep their lengths. 

3) In the Halting ease OH, which is nomal to OH, keeps its diroction. Also 

01¾ (which comes from 0{h{ when the edges of the gore are straight - (see Figure 

1.7«4) remains parallel to OH, 

4) In the Halting case, the lengthwise invariable Hne BiFCi is tmnsfomed la¬ 

to a circular arc on the gore along which the tensile stress is constant, 

5) Since B^B defines a plane P1# the tensile forces from the gore are nomal 

to the cord. The cord tension should therefore be constant. In onler to avoid an 

Momaly «t the apex, however, the tension in the straight portion of the coals is 
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40 <taCmM Un“rlir 40 at th* «P«. Thi. correspond« »pproxiMt.], 

to th. »nation of oord tsnslon in the -first »ppml«tlon- (so. fagars 1.12.1). 

03165 

30* tt 8.6» 

Representing by 3¾ and *2 the coordinates of (¾ we have: 

»2 ■ X cos (n/N) 

*2 " * 

(1.8.4) 

(1.8.5) 

where x and 2 are the coordinates of the corresponding points 82 or C2 of the 

cords, (see Figure 1.8.6). 

Fron the right triangle GiCjEt OjE - ^CjE2 - dC2 

But OiE ■ x esc (Í and (¾¾ ■ x sin (n/N) 

Therefore 

O2K -/x2/ein2 0 . x2 sin2 (s/N) - x esc sin2 ^ sin2 (s/M) (1.8.6) 

But *2 " (¾.3 »in 02 or sin 0X » X2/G2E (1.8.7) 

Taking into account Equation (I.8.4) and (1.8.5), Equation (1.8.7) becomes 
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... 

rtn^. -«>»(«/») tn< 
(1.8.8) 

(i/H) al«2 0 

Th. folloidiig t«bl. givos th. «1»« ^ «! of th. coordinates of th. point, of 

the curre 00¾ as well as the values of the angle 1¾ vs 0. 

® • sin (i0l) • ,13053 

© ■ cos (i0O . .99144 
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Pin-trie Equation« of th» Cam OHHi (••# flgnrea 1.Ô.6 and 1.8.a) 

RiprtMnting by xg and >2 the coordinates of 

B} «e haTst 

ag - »L ♦ HiOi sin 7 (1,8.9) 

*2 * «i ■ ooe ^ (1.8.10) 

(¾¾^¾¾2 . Qfo2 (— M^re 1.8.6) 

or • /(• «in ^)2 - X2 sin2 (^) 

(1.8.11) 

Figure 1.8.9 

The nine of (¾¾ given by Equation (1.8.11) 

is aero at the end of the atraight portion of 

the oord because the angle included between 

two adjacent cords is 2 $ for the first ap- 

proxiaation and the quantity s sin ( is identi¬ 

cal to x sin (i0l) for point 0. 

Taking fullness into account for the part of the canopy corresponding to the 

straight portion of the cords, the value of OH can be rsad ily calculated tvm 

Figure 1,8.7. 

QH*QOsin(/J"-ßi) (fron right triangle OHO) 

But 00 • CO cos $ • - S0 cos $ » (S0 - .57357 * see Section 1.7) 

Therefore OH - S0 cos $» sin ( /9 « -£•) - (.57357) (.95359555) 3¾ sin (12‘ 31.4) 

or 08/¾ ■ (.5699065) (.003643) - .00208 

In order to take into account the ftilinees of the canopy corresponding to the 

straight portion of the cords, the quantity 02¾ given by Equation (1.8.11) asst 

be Increased by the quantity .00208 ^ 
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Therefore OiH, - 8 sin t L ~Biü ^ 8 8lnîf- S2 ♦.ooaoö* 

The follovring table gives values of (¾¾ as well as the coordinates 

points of the curve OHH^ vs ft, 

© ■ sin i - .1130429 

© • sin (i0l) ■ .13053 

® - «in (VN)/ain * • I.15469 

© - [sin (s/NVsinf]2 - 1.333309 

® - sin } - .50105 

® • 00s - ,86542 

(1.8.12) 

*2# *2 
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Dtt«ndnatlon of the Length TO] (see Figure 1.8.6) 

Equátlon of straight line FQxt 

* • «! • tin (90 ♦ j^) (x • 3¾) 

or * - ^ - 1/tan jí (x - xx ) (1.8.13) 

Representing tyr xg, >2 the coordinates of 

the point P, the length O^F is giren by* 

V ‘ \Mt • xl)2 * <*2 - *l)2 (1.8.U) 

To find the coordinates Xg, %2 ot the iitei^- 

section of the straight line OjF with the 

curre 0H]F, a graphical aethod is used. 

In Figure 1.8.11 the curre OH^F is plotted 

(s against xß the coordinates taken fion 

Colons @ and (S) of Table 1.8.2) j also 

the straight line of Equation (I.8.13) is 

plotted for the values 0-30*, 48*. 66% 84* and 90% 

The intersections of the curve OHxF with these straight lines represent the points 

F. 

For the above mentioned values of 0 Equation (1.8.13) becomes respectively* 

For 0 - 30* * . .28675 - -1,74727 (x - .49249) 

0 ■ a - .46404 - - .90833 (x - .73389) 

" 669 » - .74903 - - .44907 (x - .90430) 

0 ■ 84* a - I.O6592 ■ -.IO597 (x - .98592) 

0 ' 90* * - 1.16228 - -.00000 (x - .99144) 

Values of Xg and s2 for intermediate values of 0 not mentioned in the set of 

Equations (1.8.15) are taken by interpolation of equal spaced points along the 

(1.8.15) 
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i! » 

ï 1 

cum OH3F for each particular curved portion included between two adjacent 

•traight lines of the set« 

T»bU 1.8.3 gifts tu min» Of tlw OMfflelmt t • OlP/j« for tbs mriou. 

values of ¢. 

Tolnso of 4/% «ri «2/% in column © «nd (5) of T»bl» I.8.3 tre 

fcWi the graph of Figure 1.8.11. 

Trm Figure I.8.61 1¾2 - ♦ ^¾2 

•r Ki2 -ï2,.2^ in (VW (1.8<16) 

whtr» th' coefficient I le giren In Colnm @ of Teble 1.8.3 for the railoiu 

values of 0« 

Representing bgr 2a the central angle and bj ^ the radius of the circular arc 

Mentioned in assueption 4 we obtaini 

« «1 • «1 • ft*.2*’? In2 (VN) (i.8.17) 

and aln a - * sin (VU) (1<8ag) 

Dividing Equation (1.8.17) and (1.6.18) ve obtain 
/ t / E2 ï a/sln O'- - - 

(1.8.19) 1 * (Vai,)2 sin2 (x/N) 

Table 1.8.4 gl«, the mines of the ratio a/sln a as well .» the values of a « ¢. 



Figur. 1.8.11 - Intersection of Curve 0H]P with the Straight Unes (1.8.15) 
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Equation of Corda 

Raprasanting by ^ th. oonrtwt t«Äon of th. ftórlc .long , oi,.«^ roml 

section we have: 

fl * P 'i (1.8.20) 

Th. roaultant R of th. two t.n.11. fore, coreoporril^ to two adj.cnt gore 1., 

R - 2f: cos X . cog X (1.8.21) 

vi»«* 1, th, Mgl, botwMn th. dlreUon of fj «id th. nonul to th. cord. 

From Equation (1.8.18) 

iinisM 
-1 sin a 

Therefore Equation (1.8.21) becomes 

R a 2p cos X 3LMn (Vn2 
sin a 

Equilibrium of forces on a vertical axis: 

T (sin 02 - sin /9) -/r Cos 0 ds (1.8.2: 

Equilibrium of forces on a horizontal axis: 

T (cos cos 02) -/R sin 0 ds (1.8.2Í 

Dividing Equations (1.8.23), (1.8.24) we obtain: 

cos /9 - cos 02 /R sin 0 ds 

But «1»02» »ln/*-2 slnà (¾ -/?) co, è (¾ .fl) 

eo. ^ - co. 02 ■ 2 sin J (¾ .ß) rin J (02 ♦ /$ ) 

Therefore Equation (1,8.25) becomes: 

~ i », . 

(1.8.25) 

(1.8.26) 

83 
WADC TR 55-294 



The quantity Q is introduced because of the difficulty of obtaiidng a 

reasonably .l«ple relation between x and 0 from Equation 1.8,26, 

From oot i (^2 + ß) ■ Q we obtain successively! 

tan è (¾ ♦ £ ) ■ 1/Q, tan (02 ♦ /9 ) ■ - l) 

tan (t- * f an Û 
or 

tan k • ^ ~ (q2 " ^ tan ^ 
- 1 ♦ 2Q tan /3 

On the other hand, reducing Equation (1,8,26) gives 

(1,8,27) 

(1.8.28) 

As the first step (and the only one carried out here) of an iteration pro¬ 

cedure, Equation(1,7,16)of the first approximation is assumed to hold! 

X ■ 
(1.8,29) 

^/[co«2 (n/(l)/coa (2ii/N)J [cot2 0 ♦ coa (2,/11)] 

The aolutlon of Section 1.7 thus aenrea aa a firat approximation much aa 

the Taylor curro vaa used as a firat approximation in analysis of the Hat canopy 

(Section 1,1), 

Solving (1.8.29) for tan 0 yields 

(1.8.30) 

Putting N - 24, 0 ■ 02 and X - xg, one obtains from Equation (1.8.27) and 

(1.8.30) 
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(1.8.31) 
1.017623 x2 2Q - (Q2 - 1) tan ß 

%2- *22 IT - 1 ♦ .TQ tan /Î 

By making use of the relation 

dx ■ ds cos 0 

and using Equation (1.Ö.29), Equation (1.6.28) can oe written as 

Q - £& 
IB (1.8.32) 

if 
ft cosX 

JB sm, 

, Í* coba; _i_ [, 
^ sir« 8in2a I 

Jfcos2 (n/N) cot2 0 ♦ cos (2n/N)j 2 d0 

(1.8.33) 

cos2 (n/N) cot2 0 ♦ cos (2n/N)j ¿ d0 

(1.8.34) 

Equation (1,8.31) solved for x/% (where x ■ x^) becomes: 

à 

h - 

Vxm 
, . 1.017623_ 

2Q - CQo - 1) tan /3 T 
Q2 - 1 ♦ 2Q tan /3 J 

(1.8.35) 

Equation (1.8.35) is evalus'ied in Table 1.8.5 for /3 ■ 30* and N ■ 24. Because 

Equation (1.8.29) does not correspond exactly to Equation (1.8.26) a discrepancy 

results such that x/% - 1.000 when 0 - 81* rather than 90*. 

This discrepancy could be resolved by extension of the iteration procedure, but 

to avoid lengthy and laborious calculation, a correction equivalent to an inter¬ 

polation is applied in Table 1.8.6, Column where 

0» - 30* ♦ (321---2°.% a * 

'81* • 30*' " ? 

Determination of s 

From dz - dx tan 0 integration we obtain: 

z ■ /tan 0* dx 
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Determination of the Xtrurth of aro • 

The length of are a may be obtained from 

a ■ y dx/coa 0* 

Table 1.8.6 shews the variation of s and a with 0*. 

(1.8.37) 
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Sord Portion Belov the Marl mm Tirfiatad Radin«. 

Th« shape of the cord below th« maximam inflated radius is determined with the 

equations given in Section 1.3, 

in •"»«on. k* - fg ; (1.8.38) («. »»(1.3.18)) 

kak 1 - i 
n? - 1 (1.8.39) (eee Equation(1,3.19)) 

where f(n) 2n ♦ (n^ - 1) log - * } and n ■ 

for this particular canopj we have 

ka ■ 1*5446 (see Table 1.8,6, coluan(9)) 

kcAs ■ lc/lf " *6 

■ 1.0574 

The radius of curvature of the cord a", MIR is given by the equation 

. _ ds _ dx _1 a# Ax 1 .0040 xm 1 
zj & 27 009 * •'ä' :<5sk ' (U3M 

where the numerical values are obtained from Table 1,8.6 

The correct value of n satisfying both Equations (1.8.38) and (1.8.39) is n ■ 3.32 

In fact f(n) - 12.8704 arri 

Equation (1.7.38) gives k* - .94691 

Equation (1.7.39) gives k8k ■ .94725 

Then sin 6 - ¿ ■ -L- - .30J20 6 - 17# 30* 

From th. «qiatlon Z - ^ /2^¾ /Ï - (»> Equation (1.3.7)) 

we can compute the coordinates z of several points of the parabolic arc when x's 

are given arWtraxy values between 1.00 3¾ aid .946¾ 3¾. 

Figure 1.8,13 shows the cord curve of a conical canopy of the first and second ap- 
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Equ^tioni oi Card 

/) Portion OA, f*/3* 30* 
xA»%tf*.196 8x„, s» X ton 30* 

2) Port ion AB, 30* i* i 90* 

1.017123 
X • X, whfrt Q * 

is rgQ-tq^Dtan/g^ 
L(a4-l) + 2C|t.n/3 J 

'•/ Tïïffr^f [«»1 »-/W «<1 * + c « 2i/N ] d I 
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3*9 Pwaonntl Quid« Surface Canopy 

Th« personnel guide surface canopy analysed here is a conical type having 

pocket-like extensions fastened to alternate gores* One of the purposes of these 

extensions is to increase the stability of the canopy* 

Figure 1.9.1 is a sketch of these extensions 

when inflated. A visual examination of Pho¬ 

tographs in Reference 9 indicates that the 

extensions are most efficient when the side 

panel is ftilly inflated and the center panel 

is inflated but rather flat. This means that 

the side panels exert forces on the canopy 

and cords but that the forces exerted by the 

center panels can be neglected. In order to 

determine the effect of the extension on the 

shape of the cords and canopy the following 

assumptions are madet 

1. The effect of the extensions is to introduce a force F as in Figure 1.9.2. If 

this force is assumed to be put into the cord at the skirt instead of at the more 

correct position (dashed)f the cord must 

Figure 1.9.1 

Pcrraïïml to 
canopy axis 

undergo a sudden change in slope at that 

point. Photographs of Reference 9 seem 

to show such a change of slope. Actu¬ 

ally, nevertheless, the force F is prob¬ 

ably put into the cords along the i..tire 

length of the extension, and the result¬ 

ant would have to act at a point somewhat 
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below the skirt. The error introduced by assuming it to act at the dcirt will 

be disregarded. 

2. Circumferential displacements, caused by the existence of the extensions in 

alternate gores only, are also disregarded for this analysis* 

3. The angle that +he force P makes with the vertical is (45* ♦ 0)* 

4. In order to find the force P it is necessary to deteraine the projected area 

noraal to the force P. This is done by assuming that this area is rectangular in 

shape with one side equal to sin aak and the other side equal to the length 

AB in Pigure 1.9.1 and 1.9.2. This neglects the side panel area in the vicinity 

of the suspension lines, but on the basis of Reference 9 this portion of the ex¬ 

tension is rather flat and nearly in an axial plane, and hence the force exerted 

by the pressure on this part of the side panel may be neglected without introduc¬ 

ing a large error. Prom USAP Dwgs. 52J6026 and 520602? the lengths AB and Iq are 

21-1/0 in» snd 13.057 ft respectively; thus the length AB ■ lc 

a .126 lo* 

5. The shape of the cords above the maximum inflated radius is the same as that 

of the flat canopy of Section 1*4, except that % is different. This is assumed 

because, as already lis cussed in Section 1.7, the personnel guide surface canopy 

does not exhibit a conical apex when inflated* 

6. The shape of the cords between the maximum inflated radius and the skirt is a 

circular arc of radius p and length lb, and these cords are parallel for the pur¬ 

pose of deteraining Tc* 

7. The differential pressure p in the extensions is equal to that in the main 

part of the canopy except for the center panel where the differential pressure is 

assumed to be zero* 
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a 
Iw* 

Ô. Tht nnb.r of gort., », i. tquii to 24, and rttio loA¡ !• «qiiâl to 0.42687. 

Thi. particular ratio oone. trm an atteapt to oorrtlato thooiy with photo graph, 

as di.ou..ed in Section 2. Actual]/, there is on]/ one personnel guide surface 

parachute design, which seen a good reason for sticking to the design dimensions 

as closely as possible. For coaparison with other types of parachutes, however, 

a solution with Ic/lJ ■ 0.6 is worked out in Section 1.11, 

9. There is a linear relation between a and 0 below MIR which can be approxi¬ 

mated by a ■ 0.64 f ♦ 0.57, The derivation of this relation is as follows* 

Figure 1.9.3 shows a flat gore in which the 

points A and B on the oords OA and OB re¬ 

spectively correspond to MIR. 

AsSBBDtiona 

1) Assume that the sections of one inflated 

gore cut by planes Pi below MIR are major 

circular arcs which give geometrically 

similar curves when the gore lies flat. 

2) Assume that Taylor's equation 

X ■ Xji^sin 0 

holds as a first approximation. 

The first assumption can be expressed by the following equation* 

CD-2¾. • AB ./1, (1.9a) 

Bot 18-11½ lili 101 (m. Section 1.1) (1.9.2) 

'0 

From the second assumption s/l^* 

f djf/ /sin j? 

* y* Qfi* J d0/ ^/«ln 0 
(1.9.3) 



(1.9.4) •ad X sin ■ ri Bin a or % /sin 0 sin s/k ■ sin 

CoÉbining Equations (1.9.1) through (1.9.4) wo obtain 

f 
W _ 

I d0/ yWy 

2¾ v^7 

or 

a 
sin a 

r— 
/ <10/ /i» 0 

2 /%7æT 
/o 

(1.9.5) 

lor 0 >90*, i* ¢/ . 2 Z1®* /¿7J 
o / 0 /o 

and sines 

'Z 
^ dZ/y/5nZ -/2 y'90 dt//l -J sin2 t 

/0 t_ 

d0/ y/sin 0 bs comes i 

y d0/y/sin 0 ■ /F Jy90 dt/y/l -J sin2 t ♦ y 

eos“1 ( /sin Z) 
dt//1 -J sin2 t 

cos* ^ (v/SiTji) 
dt V1 “è «in2 t 

/0 ___ J dt/ /in 0 ■ /2~ { K ♦ u J or 
(1.9.6) 

Whsrs K is the oonplsts slliptic integral of first kind sin t 
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And Q is the elliptic integrei of first kind 

Then Kquetion (1#9*5) beooneat 

o/ein a - (^2) [l + u/k] / 

oo§ml ( /»in 0) 

&/ /l -J eiii2 t 

(1.9.7) 

T,bi* ^9,1 s1"’ ^ • " K ftr MT.»! ,f ¢. W«M .f X „.d „ 

have been taken fro« Reference 8, K ■ 1*8541 

Wiur. 1.9.4 «prewnt. gnphicl], th. TirUtlon of th. « „ ¢. „„ 

««I* «PProxUâtoo . straight Uns vhoss aquation is 

a • .64 0 * .57 

in Khich both anglas a and ^ an masurtd in radians. 
(1.9.8) 

Rsturning to th. origin th. foUoldns d.finition. apply, 

T is ths nsultant fores on tho axtansion. 

Tc «d T, an th. t«nsion. in th. cord, onr th. «inopy and th. 

suspansion Un.., n.p.eti™iy. They an „ot nscsul], 

equal for this analysis. 

Fran th. principias of statics, th. assunptions, and th. gaomtiy a syst« 

Of 14 «^«US aquations with 14 nnhno™ is wrttUn. Th... .quation, an .. 
follows t 

Fo°. ^-9 ♦ 2TC Sin (0* - V2) - 2T( sin 9 

Ts * W5/(N cos 0) 

T« 
•rt 

a 

i 

p** 
«OS (Pak - n/2) 

(1.9.9) 

(1.9.10) 

(1.9.U) 
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tf 

i 

P ■ 

tin (u/to) 

HP Ask ♦(N/a) P sin (n/U - 6) 

P («126 lc) 2¾ sin ttgjj 

i4c «in (2n/N) ♦ rf^ . ^ 8ln ^ 

nin o8k 

_*n7|> 

1 - co® (^Bk - n/2) 

^sk - r/27 

f 
18 sin 6 

•44 0ak ♦ .57 

.42687 1¡ 

1.3409 Xg « l|, 

(1.9.12) 

(1.9.13) 

(1.9.14) 

(1.9.15) 

(1.9.16) 

(1.9.17) 

(1.9.18) 

(1.9.19) 

(1.9.20) 

(1.9.21) 

(1.9.22) 

-Stet¡on bttwttn M/fl 
Í_,A 07HÍ âMfrt 

—trßSecaon at anirt 

_- -- tion 6êJotu 
•Kirnsions 

of thTUOn U'9’9) 13 d3riVe<1 fr°" the ',™“ti0n 0f the h0riMntsl components 
ores, in figure I.9.2 using F/2 In pis« of F since the extension, are on 

alternate gone. on*. Equation (1.9.10) i. dertrad * . summatlon of 
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Jr r ^ 0.9.U) t. »,. 
15u“Uon of «>«•• for r». bodr )m ab0TO . „ 

d*rtWd f"- «>• «“OP t«Mio„ ftmiU 1 f • S*“tl0n ^ U 

7 ^ 0i COrt “ *-• ^on (1,9,13) 1. .Z2 Zl^' 
of force« actin« on a »>•., w-j ^ '"»rtic»! mwtion 

^ «n • f r». bodjr Juat Wo» .,etlon M 

•ta» th» «klrt. Equation (1 9 un ,*Ctl#n ^ ^ 
4 XOn U*9*^ 1« «imply the force F a,. * 

o» the rectangular .„. of et.p 4 .hove, ^ 

The 14 equatione when soImh .4 ^ 

contalrtng the u*,,»™ e ^ ^ ^ ^ •Wti.n. 
Thaw two equation, ar.! 

t«n9 U - tc fc - i~ 

-co-îfc^lj 

in which a 

b 

•^ak ♦ .57 

.12941 ♦ .01704 « » ain a Ann a 
«in^ a " 

■ i • ±00496 
b 

(¾ ■ »A) * ¿.ns oi,,,. varar 

(1.9.23) 

(1.9.24) 

(1.9.25) 

(1.9.26) 

(1.9.27) 

(1.9.28) 

ué« nkM * a * U5e a calculate »'b" use "b" to calculate "c». Th« «i * » t» 0 me values of »e» d^a m 0«„ . , 

f»» Equation (1.10.23). Tlus Talue ol. ^ °d8teralne 9 
then used together -^ith )Zl8k to c*!- 
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enlate «d». Finally the values of "b", "d", 0, and 08k are used in Equation 

(1.10.24) to see if this equation is satisfied. Usually (bur trials are re¬ 

quired to yield a solution. With the conditions given here the solution is 

0sk " 100# 5°' and 6 ■ 16* 50*. With these values of and 0 the MIR and 

the radius of the circular portion of ths cord may be detennined as shown bo» 

low. 

^ ^-8 Wain 0 ■ or 3¾ • kg sin 0 3¾ (1.9.29) 

Equation (1.9.29) combined with Equations (1.9.17), (1.9.18), (1.9.21) and 

(1.9.22) givest 

3¾ - kg sin 0 3¾ b .42687 k^ - 1.3409 3¾ 

1 - cos (08k -^/2) 08k - V2 

or 

42687 kj - 1.3409 

^sk - V2 

1 - ka sin 0 
1 - cos "(0sk “ */2) 

For 0gk ■ 100* 50* and 0 ■ 16* 50* ths above equation gives 

Then lc - (.42687) (3.41500)3¾ ■ 1.45776 3¾ 

The central angle of the assumed circular arc for the portion of the cord below 

the MIR is 0gk - ij/2 ■ 100* 50* - 90* ■ 10* 50* and the radius of curvature ie 

But the true value of lc is 13.857 ft. 
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Th« % - VU5776 .I3.e57/U5776 - 9.506 ft 

■ k¿ • 3½ ■ (3.46500) (.20959) (9.506) - 9.4O ft 

P ■ (.61607) (9.506) ■ 5.875 ft 

The resulting shape is ah oura in Figure 2,4,3, 
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1.10 Conical Ring Slot Cmiopt 

As has boon discussed already in Section 1#7# the conical ring slot canopy 

does not exhibit the pointed apex characteristic of the conical canopy for cone 

angles in the neighborhood of 30*• For this rsason a Modification of the flat 

canopy theory is used for the conical riig slot. 

The modification is based on the assumption that the shapes of the flat 

canopy of Section 1,1 and the conical ring slot canopy are geometrically simi¬ 

lar above the MIR, the only difference being that due to a reduction in differ¬ 

ential pressure for the ring slot canopy. The reduced differential pressure 

P* assumed to act on a ring slot canopy is determinsd by the ratio of actual 

cloth area to cloth area plus area of slots. The method of analysis is illus¬ 

trated by an example using an actual canopy. 

Figure 1,10,1 shows one gore of the conical ring slot canopy. The calcu¬ 

lation of the reduced pressure p' is shown below. 

Figure 1,10,1 
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Area of slots t 
i * 3.25 * (7.9375 ♦ 8.6875) »(1.625) (16.6250)1¾2 

è X 3.25 X (11.5000 * 12.2500) -0.625) (23.7500)1¾2 

1 X 3.25 X (I5.I250 ♦ 15.8750) »(1.625) (31.0000)1¾2 

i X 3.25 X (17.6250 ♦ 18,6375) »(1.625) (36.0625)1¾2 

i X 3.25 X (21.2500 « 22.0000) (43^2! 
in.2 

■ m.87 itu2 

■ 16.79 in.2 

261.66 in.2 

1699.74 in.2 

Area of vent corresponding to one gore 

è (15.60) (2.125) 

Total 

Total gore area • (J) (24.625) (138.05) 

Percentage of slot areas 

l66 
1699)74 " 15.393Í 

Th, foduetd pr..ror. 1. p. . p or p, . >8ii6l p 

A ring »lot «nopp who« dluwtsr 1» th. son. ». that of « „Ud «nopp 

would carry a analler suspended load If * h« »h i * 
If the ring slot canopy were to cany the 

«.» LM It would h.v. to bo largr. th. *.p. of th, .mt ie 

in oonmetion with th. ,h.p. of . «Ud flat o«opp th, 
load. 

ng prim, in th. «., of th. ring flot «nopp to dirtlnguish th. mm quan- 

UUa. fto. thorn of a flat on., wa procd a, follow.: 

For a given .u^ndM Might Wp o»„ for both flat and rt„g slot cinspl„ 

having .qual m^r of sore. N and e^al 1, and th. .quation, of .quilibrtu. 
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Of th. low f«, bodl.., ..mains th. o«oplM cut by plan.. pM^ns though 

th« akirt, are reapeetlvely 

Wb ■ JUAp 
(1.10.1) 

«i» • »¡kP* 
. (1.10.a) 
acting right hud Mb.» w. obtrin A* p . A^p' (1>10 

T-dhg ^.Uon P- • .8461 into «eount. ^Uon (1.10.3) b.«». 

Aik ■ .0461 ^ ^ ^ 

Luring th.t th. MU A* ud A* oorra^ond to guutricrily .irilu fig^» 

Equotion (1.10.4) yl.id. 4 . i.o, ^ ’ 

Ih. mutton for th. portion of th« cord from KIR to skirt i. ^ 
parabolic arc having the equation 

Z* ■ c* \fv 
^ , (1.10.6) 
where Z *• are aeaeured from MIR dowward and X» - ^ . x* 

Differentiating Equation (1.10.6) results in 

dzVdX' -c'/z/x7 
_ (1.10.7) 
IB Equation (1.10.7) for x' - 4, da'/«' - oot . 

hence V^n'2 - i ■ 
_ (1.10.8) 

11» l.«gth of th. parabolic arc 1. given by th. .xprurioa f(n') ¿ 
I ™ 

OP ** 
2 ’ f (••• Section 1.3) 

Then 1,. - 1,3409 j¿ - ^ " ^jc f (nij 
2 (1.10.9) 

Finally from the right triangle formed by li J, .u 
rmea oy l8, 3¾ and the canopy axis we obtain 

•in 0* ■ 1/n - x^/ij 
(1.10.10) 
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■ 

th» ooortinat* ** of th» m omopjr eon bo dotondnod trem Equation» (I.3.I8) 

*nd (1.3.19) of Soetion 1.3. Iho ** io found from Equation (I.IO.5). 

(1.10.10) glToo tho valu» of n' from «hieb f(u') - 2b' ♦ (n'2 - 1) log a1 ♦ 1 lg 

«IculatM. Th« fro. fcpatlon (1.10.9) < i. dot»™!»*. TlnaU, fro." .quaUon 

(1.10.8) wo dotondn» tho valu, of tho poraaet.r o' Mid the »quation of tho pan- 

bolle ore beeoaost 

• .«14 ¿ ♦ •' (1.10.11) 
whoro «*• are measured from the apox. 

Dlscuaaion 

From Equation (1.10.9) it is «rident that lc - 1.3409 >0 or j¿< - ^ 

(1.10.12) 

Since x¿¡g is less than Equation (1.10.12) yislds 

4 < VWW9 (1.10.13) 

Combining Elation (1.10.5) and (1.10.13) ror.lt. in 1.09 ** < ^1.3409 or 

1.09 (ll/n) < Vl.3409 from which l^lj > l.Wl6/n (1.10.U) 

Taking Equation (1.10.14) into account, the equation 

k,k * flSl ♦ 2^ l^lf*^ • 1 - («•• Section 1.3, in thia 

calculation 

■ 1*3409 and pg/xj^ ■ ¿) becomes 

JLn) ♦ 2.681E 

n2- 1 f(n) ♦ 2n 1.4616/n ^ 1 ~ n2 - 1 

Subatituting 4.240n - 1.184 for f(n) (coo SccUon 1.3 Equation (1.3.20)) in tho 

above inequality and simplifying we obtain n2 - 4.39ln - 2.801 < 0 which is oatj 

fiod for «1«.. of „ < 4.956 (cinco n >0). This in^uaUty, which accu», ^ 

of n involving values of tho ratio VlJ greater than .295 (see Equation (1.10.H 
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l«e«, angles 0 greater than 11# 40', gives the necessary and sufficient con¬ 

dition for the problem to have a real solution. 

In Section 1,11, the shape of the conical ring slot canopy is worked out 

for N • 24, and IcAs ■ #6, The result is plotted in Figure 1.11,1, 
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— C0jp*rl,°n 0f^ Sí ttw Different CnoBi,, in th. Tw_ 

Lbrla» Condition Par««t.r« !.. l! ,nH 11 

In Um iraient notion, ship.: of tho thoomticil cord cuma of fi» eu- 

W tfpo. «1 coapand, toUing * . 24, . 0>4> . 10 fwt fo, ^ 

typoi to aiki then aa roirly iquinlent u posoiblo, 

Iho fi» typa, to bo conpind 1» ») . fut oanopyi b) « .xt«*!«! «drt eu- 

our, with u extension 0 eemaed to bo 10í¡ c) . conical canopy with an angle 0 

uauaMd to bo 30» j d) a conical ring slot canopjr, and 0) a personnel guide surface 

canopy. For the personnel guide «rf.ee cenopy th. pocket are. will be aesuud a 

function of the cuopy parueter. identical to th. on. given in Section 2.4. 

Ralati» coordinate. V% and a/% for th. cord portion fro. the apex to MIR 

are taken fro. Table 1.4.1 for all canopy tat th. conical canopy. 

») Flat Canopy 

The puabolio cord portion fro. MR to skirt is d.t.mlned by using equation. 

** " fini"! 2n2( V1J) 
■ íCn) ♦ 2.6818 

(n) ♦ l,2n (1.11.1) 

k«k ■ 1 - ÏW*) ■ 1 . ,25 
n2 -1 n2 - 1 (1.11.2) 

where f(n) ■ 2n ♦ (n2 - 1) !<* " ♦ 1 
g ZTI* n 0 (Me Section 1.3) 

The correct value of n satisfying both Equations (1.11.1) am (1.11.2) is 

n ■ 2.686. 

f(n) - 10.23294, kg - .95977, Ö - 21* 51» 

The absolute value of xm is found by the equaUon x. - lg 
® k8k ( Vl¿) 

to be equal to 6.465 ft. 
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(1.11.3) Th* aquation of the parabolic arc is ■ »6016 - x/x± 

wh*r* J4i ^ X ^ .95977 % 

b) Extended Skirt Cmodt 

SolTing Equation (1.6.5) for x* r*suite in 

1.3609 (1 ♦ cos 
n—: m} 

10 

The value of n which satisfies the equation 
'-wa* -m) 6.206 ft 

T»09,> -<V«i (oo. n/it ♦ 2t) ^ *22$ -( V»)(.99144 ♦ .2)(1/.6) 

(see Section 1.6, Equation (1.6.7)) is n ■ 2.Ô269Ô. 

Then kg can be found from equation 

k,k ■ ^ (1 * O'iAo) ■ .95000 

The equation of the parabolic arc is 

*/** " #6dl6 + 2 /(°2 - 1) (1 - k8k) /l - x/xn (see Equation (1.6.11)) 

where s's are measured from the apex dowward. 

Substituting the numerical values for n and k8k in the above equation we get 

8/¾ • .6816 ♦ 1.18252 ]/ l - ^¾ 

where ¾ ^ x ^ .95000 ¾ 

o) Conical Canopy 

In the discussion of the conical canopy in Section 1.8 for which VlJ - .6 and 

N - 24 it has been fbund that n ■ 3.32, k* - .94691, Ô - 17* 30«, p* - 1.O574 v 
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Th,n ^ ■U) ^ (-m) % • i.ssia % . . t 
The equation of the parabolic arc for th „ ’ * 5,302 «• 
ls 9 COrt P01-110" '»tween MIR an] sidrt 

1/¾ * 1.W4Í ♦ 1.4¾ VJTJZ 

where jqg » x • h¿4oi 

Takle 1 8 6 f «, ^ ™ ^ th* *>** O™»* (3„ .0.6 for th. nine 0r a .t ,,,, 

—nfi ~lot CannPi (eee Section 1.10) 

*»k • (.95977) (6.465). 6.205 ft 

4k ■ (1.09) (6.205). 6.763 ft (see Equation (1.10.5)) " 

sin 8 - l/ni . xlu/l' . ¿¡763 . ,nc„ , 
10/.6 .60575 (see Equation 1.10.10)) 

’ V.40576 - 2.4644 8' . 23. 56, 

iron Equation (I.10.9) the MIR Is detensined, 

10-1.3409¾ . à /, 397,, , 
2 V9.2973); from which • 6.919 ft 

The constant c» 0f the parabcUc arc is detPrm- ^ 
d9terrained Eqiiation (1.10.0) 

c* m 2 ^/2,4644^ - 1 ^6 oí9 _ z /—p V0.yi9 6.763 - 1.77924 . t6?6 

Therefore the equation of the parabolic arc is 

zAn “ .6016 ♦ .676 y'TT^ 

where = x ■ j.763 , ä i 
^9l9 \ - .9775 ¾ 

(1.11.1 

PgT^nnel Guide Surf;»™ 

“ «■». 0...« ., ,., 
applied here: Equation (l 9 oiï n , ^uawon U.9.21; is replaced here by 

rr;“‘" “sk* These two equations are 
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i' 

tan 6 « " ó°Mak ♦ /oot2 0sk - 4c (c - 1) 
2c 

.26106 - 2.7776 - 0 

where a - ,64 0* ♦ ,57 

b • ,12941 ♦ ,01704 ai-n a cos a 
sin* a 

C . ! - .00696 
b 

d. 1.3609 [l - coa ()»& - V2)1 ♦ - «h 
1 - eos I)jek: - V2;. 1.6667 - »/2) sin" 

(1.11.7) 

(1.11.8) 

(1.11.9) 

(1.11.10) 

(1.11.11) 

í 1.11.12) 

True value of iJjj, satisfying the above equations is . 106* JOt 

Then . . 1.75962 milans - 100- 49-, b • .16376. c • .95737, tan 8 - .41635, 

36 , sin 8 .38430, d • 1.5211, and the left hand member of Equation 

(1.11,8) bécots .00128 ( SO). 

Prom Equation (1.9.19) x* - 1¡ sin 8 -(10/.6) (.36430). 6.406 ft 

Combining Equations (1.9.17), (1.9.18) and (1.9.22) v, obtain 

V *ak_ _ lc - 1.3409 Xn 
1 - cos 1¾ - n/2) ■ T4 . V2- 

or % " 6,406 

.04118 
10 - 1,3409 Xn 

from which 3¾ ■ 6.575 it 

The radius p of the circular arc belo» MIR is from Equation (1.9. 
17) 

■ 6.575 ** 6.406 
i - cos (fJak - i^2) " ~ 04118*WVU " 7¾¾ " 4,104 ft 

The following tables give the non-dimensional and absolute coordinates of 

several points of the cords for the five canopy types. 
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n*tt» 1.11.1 - Comptrlaon of Thwrrtlcü Oort Slupao of Fît, Dlfforont 
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-- ^ TaiSl0n" ^ with CpBImnn ,., 

It and Differential Preasura p 

Assuming a horizontal section of the canopy peesin; though the MR the 

equation of equilibrium of the upper free body is 

T ■ A p (1 12 1) 

Where A is the horizontal projection of the part of one gore corre^on»^* 

the upper free body. Disregarding the effect of the gore Clines, on the area 

A, the following equation results* 

A (1.12.2) 
K«"« T -(]/») , ^ p 

Equation (1.12,3) is Used for all «xcent th« »««.♦. j 
aj.i .xcept the «first approximation" to the conical 

canopy. 

a) flat Canopy 

For % ■ 6,465 ft (see Table 1.11,3) 

T *(l/24)n (6.465) p ■ 5*47i> or T/p ■ 5,47 

b) Extended Skirt Canopy 

For Xa ■ 6.206 ft (see Table 1,11,3) 

T -(1/24)11 (6.206)2 p ■ 5,04 p or T/p ■ 5#04 

Conical Canopy - First Approximation 

The followirvï equations are taken from Section I.7 

dT ■ 2 fx ds cos A sin A 
where 

ds ■ % cos 

(1.12.4) 

(1.12.5) 

(1.12.6) 

cos 

["3/2 
cos2 101 cos2 0 . COS (201) sin2 0j ^cos (20() d0 

, /---T ' 
A ■ y 1 - sin2 tt/N cos2 jí 

(1.12.8) 

119 
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(1.12,9) sin A a sis (k/n) cob 

#. - xp cos A 
^ 2 cos (¡/¡b «in j3 (1.12.10) 

X ■ % \/cog (2n/N) 

\Jcoo^ [n/n) cot^ 0 ♦ cos (2n/N) 
(1.12.11) 

Replacing the parameters in the right-hand member of Equation (1.12.6) by their 

values from the above equation we obtain 

2 
ST 

dT 

-2 

. ^ ‘y > ^ [l - .1«* (VH) oo^ t] [co.2 (V*) cot2 * 

♦ cos (2i0O J d0 

Integrating! 

•0 
p% dn (4n/N) / [l - aln2 (ïï/N) co«2 0 J oos 0 d0 

T"T0o' 4 / k.C . . . . . . -i2 
ein* 0 [cos2 («/H) cot2 0 + 008 (2h/N)] 

Por N ■ 24 and 0O «JO* the above equation becomes! 

P% 
T-T(30)- — 

Q. - sin (b/N) cos^ ¢1 cos (¾_ 

sin^ 0 [cos2 (ti/N) cot2 0 ♦ cos (2n/N) ] 
(1.12.12) 

•0 
fl - 8In2 (n/M) cob2 0 ] cos 0 d0 

Setting ^ ^ ^2 jj| + (j^n)]2 

Equation (1.12,12) can be written T - *(30) ■ ^0 
2 

P*m 
8 

(1.12.13) 

(1.12.14) 
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(«• T»bl. 1.12.: ^ 2* «I teço - .52426 

n>«&*«Uon (1.J2.34) ¿»».J .^n 5,, , 

Therefore Equation (1.12,^,) 

ï • (.0638« ♦ y8) ^ 

Equation 0.6/cob fa . 

(see Section 1.7) »hen eolred b. trial 

^ • 95317 * ,* 9rr0r ^ h - 72.65- and ^ .95349 ¾ (See Table 1.7.2) 

Then lc . 2dS . 
»e )¾ .29821 % * 1.9184 ¾ 

(1.12.15) 

(1.12.16) 

For 1« • 10 ft j, „ 10 
% Ü5Õ34 ' 5.213 ft 

hotltuting 5,213 for % ln (112a5) reailts in 

T " (,063œ * y«) (5.213)2 p 

Table 1.12.1 provides values of the ratio T/p for a , 

approximation. C° Cal 0anop7 in the firet 

°,} 0J¡ 
For ¾ • 5.302 ft (8ee Tabl, iillaj 

T/p ■ (1/24) t (5.302)2 . 3,6ao ft2 
S) SinE_Slot_Canogj (1.12,18) 

For % • 6.919 ft (see Table I.H.3) 

(1/24) n (6.919)2 p. . 0/24) , (6.919)2 ( ^ 
y V P T/p - 5.302 ft2 

(1.12.19) 

WADC TR 55-294 
121 



T»U. U2.1 - T»]». of t/p t, , tor t Cónica c«»w in th. Kt ippml»tto« 

_© © © @ © © 

.06388 ♦ kg T/p 8 

>-© ©. © ©It 4 0 /© (5.213)2 @ 5.213© 

—
 

_
 

.90722 

.90885 

.99059 

.99237 

.99411 

.99574 

.99718 

.99837 

.99927 

.99981 

1.00000 

.89273 

.83792 

.77395 

.70064 

.61875 

.52886 

.43201 

.32950 

.22230 

.11198 

.00000 

.09068 

.06446 

.07726 

.06913 

.06014 

.05036 

.03992 

.02892 

.01752 

.00587 

.00000 

.09068 

.17514 

.25240 

.32153 

.38167 

.43203 

.47195 

.50067 

.51839 

.52426 

.06388 

.07522 

.08577 

.09543 

.IO407 

.11159 

.11788 

.12287 

.12649 

.12868 

.129a 

1.736 

2.044 

2.330 

2.593 

2.828 

3.032 

3.203 

3.339 

3.437 

3.496 

3.516 

1 
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*) Personnel Suida Siirfaea Hannpy 

For =¾ - 6.575 ft (.« Trtl, 1.11.3). Th.n EquaUon (1.12.3) *lw. 

T/p • (1/24) « (6.575)2 - 5.659 ft2 

Fl*« 1.12.1 gives the graph, of «notion of T/p vs . for the five oonopjr 

Bribes as found above. 

Figure 1.12.1 - Oort Teneioinin Five Canopy Typ,, Having Comnon 
lc 10 ft, lg ■ 10/6 ft, N ■ 24 and Differential 
Pressure p. 
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æcnOH 2 - COMPARISON OP THEORETICAL KITH PHOIOORAPHICAUr DETERMINED 

SHAPES 
CANDPT 

introduction 

S.m.1 photogwph. ,f parachutes In steady descent were studied and ft,, 

-re used for purposes of «son. The scale of . photon ^ ba ^ 

«in^ if the »s^tud. of some le^th is known ab^lutely and if this length 

can be obsen* in it. tna. perspectif. Di.agr,»ent between photographical 

and theoretical shapes should not n.eessartly cond«n the theory, however. 

Sources of error and disagreement may be listed as follows, 

EtotoPPhlc Shape Theoretical ^ 

1) Suspension line, do not meet in 1) Une, a* doth are extensible. 

common point so lengths had to o' 
ngcns nao to 2, There may be inaccurate assunptione 

about 
be corrected to 18; this also 

may cause some parallax. 

2) Camera-eye axis may be slightly 

oblique to canopy axis 

3) Camera perspective angle is such 

a) gore shape and fitness 

b) cord tensions 

c) mathematical relationships 

d) shape near skirt 

that true canopy profile is not 3) The pressure is probably not constant 

seen. Perspective angle is »t over the entire canopy. 

known; so 8 and canopy shape 4) The cloth may wrinkle. 

cannot be corrected. o Tua „ . 
5; The vent area is neglected. 

A) Canopy may be pulsing, or not 

at constant rate of descent$ or 

swaying with consequent asymmetry. 

5) Cords over canopy cannot be seen. 
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.* 

The influence of some of the factors listed would be difficult to estimate. 

The most important, however, are probably items (1) and < 5) under photographic 

shape, and (2) and (4) under theoretical shape. The effect of camera angles and 

perspective would be to make the angle 0 between the axis of the canopy and a 

suspension line appear larger than it really is. Since in most cases, it was 

found that the theoretical angle was slightly smaller than the corresporting 

photograph indicated for all but one canopy, it appears that this factor was not 

important except perhaps for the conical canopy. The influence of the extensi¬ 

bility of the lines is shown in Section 3.4 to be small because the tensions in 

the steady descent are small-loss, in fact, than the manufacturing pre-tensions. 

Sections 2.1 to 2.5 compare the theoretical with the photographically deters 

mined shapes of a flat canopy (type T-7), extended skirt canopy (T-10), conical 

canopy, personnel guide surface canopy (type C-ll), and a conical ring slot canopy 

respectively. The final comparison in each case consists of one page lowing both 

the theoretical and photographic gore centerline shapes together with the equations 

of the theoretical cord and gore centerline. Section 2.6 gives cord coordinates 

for a Taylor curve with the same parameters as in a flat canopy. The portion of 

the cord below the MIR is assumed to be on the one hand symmetrical with the Taylor 

curve and on the other hand to be parabolic as is done in the flat canopy. The 

curves of Section 2.6 are shown in Section 2.1. 

Reference 10 develops the intrinsic equation of equilibrium for heavy conls. 

Section 2.7 shews that the intrinsic equation may be used in conjunction with 

experimental data. 
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f ? 

^..Conparl^n of t.h, Th.o^ti., with th. PhQ,.„.ThiMllT 

SUM* Innate PUt (Type T-7, D0 * 28 ft, K » 28 l ■ u ft 

Is ■ 22 ft 10 In.) 6 ’ 

Photographie Ship* 

Th, parechut, ha. dlm,nsi3,l8 ln accordance wlth ^ ^ ^ ^ ^ 

n-nal dlaeter is J8 ft ehleh ls 2 ^ for ^ ^ ^ 

of suspension lines 18 - 22 ft 10 in TM« 1»+* i 
iwoin. This latter length is used to determine the 

Scale of the photograph reproduced as Figure 2.1.4. 

Figure 2.1.1 shows a sketch of the outline 

of a flat canopy as obtained fro» the photo¬ 

graph. The lengths 40 and 40' are sealed us¬ 

ing a scale of I/40. By measuring the photo- 

graph 

A0 ' (45¾ * -28¾ « 

40' ' (45¾)- -3125 ft 

(Note: the quantity 137.0 is actually I37.O 

- .5) 

The true lepçth A0 is 18 ■ 22 ft 10 in ao * 

in- as obtalned the drawing. Therefore 
the scale of the photograph is 22.83/.2854 • 80 to 1 Th. * , . 

00 zo 1* The true length A0« - l' - 
L'll _ nr ™ .. 8 (.3125) (80) - 25.00 ft. 

Other quantities are: 

1CA¿ ■ 14/25 - .56 

iP- 6.6? ft 
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8.00 ft 
(p) _ (¿8.0) (80) 

*ak TW 
(f\ 

«ln 0W - 8.67/25 - .3467, 8 • 20* I71 

CoontLnates of »omral points of the gore centeriine are plotted in Figure 2.I.5 

together with those obtained by theoretical means. 

Theoretical Cord Coordinates 

For the flat canopy the coordinates of the cord above the MIR are given in non- 

dlmensional unit, in Table 1.4.1. It 1, only „.cessa* to detemin. the ab»lute 

value of the coordinates of the parabolic portion, an) the sutfle 8 of the sus¬ 

pension lines. These are calculât«) by first »Iving Equation (2.1.1) and (2.1.2) 

for n« 

and 

k* ■ 44'* 2t^13, - . M ♦ 2-6818 
f(n) ♦ 2 (.56) n r(n) ♦ 1,12 n 

ksk " 

(2.1.1) 

(2.1.2) 

in which the factor (.56) in Equation (2.1.1) is the ratio V'lJ which is a char- 

acteristic of this particular parachute. The correct value 2.8385 of n gives 

f(n) ■ 2n ♦ (n2 - 1) log ili . 10>8W 

k . . iLn) ♦ 2.6818 
^ An; ♦ 1.12 n " »96460 

kak ■ I* ■ .94658 
rr -1 

i(T) 
0-0 "CSC 1 2.8385 »» 20» 38» (compares with - 20° 17») (2.1.4) 

Since 18 • k8k 3¾ esc 6 - nkgk (see Equations (1.3.12) and (1.3.13)) 

then 
25.00 

(278385)(.9é4éÕT ‘ ^13 (2.1.5) 
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(2.1.6) anl 3¾ ■ x* - k8k 3¾ - (.9646)(9.13) ■ 8.81 ft 
(P) 

(compares with ■ 6.6? it) 

The coordinates of the parabolic portion are given by Equation (1.4,10), 

« - za ♦ Z - % ♦ 3¾ \/l - 3^¾ (2.1.7) 

Table 2,1.1 gives non-dimensional coordinates of the parabolic portion while 

Table 2,1,2 gives the non-dimensional coordinates of the portion above the MIR 

from Table 1,4,1 together with the absolute cord coordinates from apex to skirt. 

Table 2.1.1 - Coordinates of Several Points of 

the Parabolic Portion 

*/3fc i 

rH
 a/3%1 ■ 

Vl - k/% 
1.0000 

.9929 

.9858 

.9787 

.9716 

.9646 

.0000 

.0071 

.0142 

.0^13 

.0284 

.0354 

.0000 

.0843 

.1192 
•1460 

.1685 

.1881 

Table 2,1.2 - Non-Dimensional and Absolute Coordinates of Several Points 
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Theoretical far»« 7«"»—nnrr 

It 1. MU* t. (M . tfm VI« Of a co«i in a «»„. r™. a photogr^h. tat 

H i, possible to got a nsarly tra. siw of th. osntsrlln. of th. go«. In oriar 

to compara a thaoratical with . photogne .tap. it is nscassa^ to b. abl. to 

-tat. th. .tap. of th. gor. cntarlin. f^ th. cota shap,. Thi. i. d0n. with 

the help of several assumptions, 

I» Station. 1.1 and 1.4 a cylindrical taap. wa. potanlatta for th. gor, .hap, for 

0 t • With thi, a.anqttion it i. po„ibl, to d,t.™i„, th. cootainat.. of 

the gore centerline from the coordinates of the cord. In Figure 2.1.2(a) the outer 

curv. i, that of th, gor. cntarlin,. th. »xt cur« i, that fomta by th. int.r- 

»ction of an axial plan, with th. crfac of revolution ganaratod by a cord cur«. 

Fisura 2.1.2(b) *ow, a horizontal cction through on. go«. 

From Figure 2.1,2 

Xg ■ X cos (1 - cos a) esc 0 

^ *1 " % ^ VN and sin a *-y/sin 0 

^ h/» rv\ 
■ i / I -m^1 • d-n A ♦tan (^,)—3^-S (2.:.8) 

m 

Let z be the ordinate measured from the 

apex downward and common to both the cord 

I and the gore centerline. Then 

Figure 2,1,2 
dz - tan 0 dx or dz/dXg - tan 0 dx/dXg 

Su/iXg » tan 0 (dx/<10) (d0/dxg) 
(2.1.9) 
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But fron Equation (1.4.1) 

^--5036¾^ tog 

then 

c or *351 ♦ ein 0 
5,85 2¾¾ - (2.1.10} 

• .5036 T ... 2.636 eo«0 .80)9 
toil ♦ an W (2.063 - in 0 7¾ =¾ (2.1.11) 

At 0 • 45» 

^ 0.45. * -6594 ¾ 
Differentiation of Equation (2.1,8) gives 

* ¾ ooe x/N [(1/¾) (dx/d0) 

cos 0 sin 0 H r ,---! 

[i-''!..,, 

(2.1.12) 

tan k/n 
sin2 0 (2.1.13) 

At 0 - 45*# N - 28 

■ .6861 ¾ 

Therefore from Elation (2.I.9) the slope of the s 

(2.1.14) 

gore centerline at ^ - 45» i8 

dz/dxg 
0 ■ 45* 

■ tan 45* d*/d0 djfl/dx- 
^ ■ 45* 15 

- *659A ^ 

0-45* 

or 0, g 

^851 

.-1 

% .96108 

0 . 45. " tan *96108 - 521. 

Knowing the cooptes s aM =¾ and the arçle 0g at 0.45* it is possible to 

determine the coordinates of the gore centerline for 45** 0* 90-. This is don. 

by assuming the gore certerline to foil« a Taylor curve for 45* *0* 90-. m 

es it may be possible for the gore centerline to have a »»maximum inflated 
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radius" of Ita own in which caw a parabolic portion aarJb' dateminad aa * 

ïquatlona (2.1.1) to (2.1.7). The Taylor aquation ftr the gore canterline for 

43* 52' í (”)• ia 

The constant Xgg is deteradnsd by letting 

0 • Vain 43* 
- 45* 

52» 

(2.1.15) 

(2.1.16) 

Prom Epations (2.1.8) and (2.1.10) 

*8 0-45« 
■ .9083 ¾ 

or *mg ■ 
a90g3 

y/sin 43* 52* 

Equation (2.1.15) becomes* 

3¾ - 1.0872 Xn vfiTjSg 

% ■ 1.0872 ¾ (2.1.17) 

(2.1.18) 

)/~|‘ *g ooordinates are given by Equation 

I ( 1.2.4) * with an added constant needed to 

correct the origin from 0» to 0 (see Figure 

2.1.3) for these coordinates, multiplied by 

1.0872. Therefore 

H * 1*°872 (vV3 /2 [e - E (u)] 

- [k - u]| ♦ 0 (2.1.19) 

The constant 0 is determined b- equating tg fmm Equation (2.I.19) to at 0 - 45. 

for the gore centerUne curve OD, (see Figure 2.1.3). Usi* the notaUcn of Jahnke- 

Emde (Reference 8) 

u - F (45*, CO»-1 v's'in 43* 52' ) . F (45*. 33* 39') * .»43 
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I • 1.8541, ï (u) . j (45.( 33. 39,j 
.5712, E • 1,3504 

^.45. --^5¾- 1.0872 (^/2) (2) [(.7784) - 1.24,*]. 0 

°r C - .0719¾ 

Than 

Tables 2 
*8 - 1.0872 (V /2) (2 [E - E („)] .[r . ,] jt , 

2.1.3 and 2,1,4 slve the *. U.-..20; 
* h C00rtlMtM of th9 «»Pit. gor. centarlln«. 

Ttl. 2.1.3 - Coordinates of Gora C.nt.rlln, torO ¡ f < 
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th. coordinates fro» Table. 2.1.2, 2.1.3, am 2.1.4 «re plotted in 

WgU" 2*1,S* Th* Ilortion of th4 8»» centerline beyond - 90*, i.,. 

WE, 1. of negligible length. This va, shown to be true by a graphical into- 

«ration of th. length of th. gore centerline that showed that the length ftp. 

0 • 0 to *g - 90. was „ry dose to 10 cos V», the actual length of th. goto 

ctnterli». 

TaM.« 2.1.4 - Coordinates of Gore Centerline for 43* 52» * 0. $ 90* 

170872 

.0752 

.9306 

.9694 

.9924 
1.0000 

.2185 

.2644 

.3436 

.4267 

.5122 

.5990 

1.0872 © 

.2275 

.2374 

.3735 

.4639 

.5568 

.6512 

© ♦ 0/¾ 

.3095 

.3593 

.4454 

.5358 

.6287 

.7231 

For © and © see Table 1.2.1 

*g - c © 

.9083 

.9515 
1.0117 
I.O539 
1.0789 
1.0872 

Absolute Coordi¬ 
nates 

*g («) 

)9.13 © 

.g(ft) 

9.13 (D 

8.293 

8.687 
9.237 
9.622 
9.858 
9.926 

2.825 

3.280 

4.067 
4.892 
5.740 
6.602 

1.0872 % 
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., ■ .^teaa,aaa^^ 

Wgure 2.2.2 

Photograph^ s>»a|» 

The outline shown in Figure ? o i • x , 
figure 2.2.1 is taken from Figure 0 0 1 « . , 

duction of an actuAi g #2#4 Which 18 a ^P1*0“ 
actual photograph. Figure 2.2.2 *ovs one gore ard its 

»» obtídn«! tnm USAP Dvg. ¿owu-i n S° nd it» dii»«,8ion, 
g* 4yH7l4c. On a scale of 1*50 th« ^ + 

«»it» and l’M . m , » ,,D, 1,50 the X,(P)-105, 
* ^ “"it«. Tharafore l'(p) . (U^, ,,, m. , 

8 'Ï05T? (25#50) * 27.60» V !* t 
I- - 17S.33 ♦ 36.7p 
^ 12 * 17.90 ft 
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136 



Using the above measurements to determine the scale of the photograph, the angle 

ÍP) 6' is found to be 21* 51* and the coordirates of the gore centerline are plot¬ 

ted in Figure 2,2.5 • 

Theoretical Cord Coor cl nates 

The coordinates of the cord above 1-HR are known once % is determined since these 

coordinates can be obtained from Section 1.6. From Figure 2,2,2 and Section 1.6, 

1, . ÍZ|22 ■ 1,3409 Xb (2.2.1) 

or % ■ ft 

The cord coordinates fro* apex to MIR are given in Table 2.2,1, 

Table 2,2,1 - Cord Coordinates from Apex to MIR 

© © Absolute Coordinates 

* »A X s 

See Table 1.4.1 11.08 © 11.08 © 

0 

4 
10 
20 
30 
40 
45 
50 
60 

70 
00 

90 

0 
.1115 
.2647 
.4723 
.6405 
.7802 
.8409 
.8752 
.9306 
.9694 
.9924 

1,0000 

0 
.0038 
.0227 
.0779 
.1561 
.2541 
.3095 
.3470 
.4262 
.5093 
.5948 
.6816 

0 

1.24 
2.93 
5.23 
7.10 
8.64 
9.32 
9.70 

10.31 
10.74 
11.00 
11.08 

0 

.04 

.25 

.86 
1.73 
2.82 

3.43 
3.84 
4.72 
5.64 
6.59 
7.55 
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Th» portion belo» th» HER is assumed to be a parabolic arc determined as outlined 

in Section 1«6, In order to detenuine the parameters of the parabolic portion it 

is necessary to solve Eouation»(l.(.7) and (1.6.12)'after which the equation of 

the parabolic portion is liven by Squation (1.8.11). These equations are given be- 

low 

f(n) • 2n + (n2 - 1) I03 . -- 
n ~ 1 cos n/W 

4e 

-(Vn)(eos a/N ♦ 2e) (k^kc) 

k*- ^ ()(“X) 

(2.2.2) 

(2.3.3) 

s • % ♦ Z • .6816 Hj, ♦ 2 «bVí«2 - D (1 - k*) (1 - x/x*) (2.2.4) 

The data to be used ares 

H • 30, V4 • kX ■ S • .6486, 

These give n » 2.625 

0 ■ csc"^ 2.625 ■ 22* 24* compares with ■ 21* 51» 

kak - .94596 

Equation (2.2.4) then becomes 

*/% " »6816 ♦ 1.1284 \/l - x/xn (2.2.5) 

The coordinates of several points of the paraboUc portion are given in Table 

2.2.2. 

2/½ 

-j. av-Luwü vi l/Ilü 

x(ft) 

raraoojLic rorcior 

s(ft) 

1.00000 
.98000 
.96000 
.94596 

.6816 

.8412 

.9073 

.9440 

11.08 
10.86 
10.64 
10.48 

7.55 
9.32 

10.05 
10.46 
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The value for Zsk ■ 10.46 ft compares with ■ 9,20 ft. 

Theoretical Gore Center Una 

The gore centerline is detendned in the same manner as in the case of the flat 

canopy, Section 2.1. In Figure 2.2.3 the curve OAB is the coni curve from apex 

to MIR, OD is the gore centerline curve as obtained by a modification of the 

curve Oa, and DE is a Taylor curve extension 

curve OD is the same as that of the flat 

canopy, Equation (2.1.8), 

dz/dx£ - tan 0 (dx/d0) (djf/dXg) 

(^/d0 J * .6594 % (as before) 
10-45* 

dxg/d0 

Therefore 

dz/dxg 

or 0g 

0 - 45* 
*6845 % 

oos n/N (2.2.6) 

(2.2.7) 

(2.2.8) 

(2.2.9) 

0-45. ^5½ -96333 (2.2.10) 

0 a " ^an ^ *96333 - 43* 56*. The gore centerline equation is 

*ig " ¾g \/sin 0g, 43° 56» ^ 0g ■ 90* (2.2.11) 

Xng - ï. 
V sin 0, 'g 

0g - 43* 56* 

■ - 1.08¾ % (2.2.12) 
V sin 43* 56» 
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(2.2.13) 
Hence xg ■ 1,0854 % \jstn jtg, 43* 56* ■ 0g - 90* 

The s coordinate le given by 

*g ■ 1.0854 (%/V2) 12 [e - E (u)J - [k - v]J ♦ .071? 3¾ (2.2.14) 

The coordinates Xg and zg are given in Tables 2.2.3 and 2.2.4. These coordinates 

together with those of the cord, (Tables 2.2.1 and 2.2.2), are plotted in Figure 

2.2.5. 
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22 ft 10 in.) 

Photographie Shan« 

Th. .* »»pensiop un,s al, the aajao a. thoa. of the Hat oa^p, oi Section 

2.1. Th. conioal ehape i, aohi.^ by lœrtng out four ^ ^ 

'"O" th8 m ““P3r °f S«cti“ 2.1. Thus co. ^ - 24/28 mi ß 9 ^ 

87 the l9nsthS ^ ^ ^ ^ ttet 1C - u ft a«. 1S . 21 « iO i, 

the scale of the photograph and the ratio le/l^ . .5339 wa. detemineh. The 

angle « «a. det,n,in.d fr« x* and ij and fou* to be 17- 30.. Pigu„ 2.3.3 eh*. 

a Plot of th, photographic shape of this conical canopy taken from the reduction 

shown in Figure 2,3.2. 

Theoretical Cord Coonti nat«. 

The non-dimensional coordinates of the «,rd fr« apex to MIR are given in Table 

1.8.6. The» values together with the aba, Jut. coordinates are given in Table 

2.3.1. In order to detente the parabolic *,rtion below MIR it is neceesa* to 

solve Equations (1.3.18) and (1.3.19). These are, 

ksk ■ 4 - . f(n) » 3.08QPQ 
An) + 2n rk¡7k¡) r(n) + 1.0678n (2.3.1) 

and 

ksk ■ 1 - j (Pm/%) m i „ .5287 

n2 - 1 n2 -1 
(2.3.2) 

in which the values k« ■ 1.5U6 and o_ » i runi 
Pm * 574 % are obtained from Section 1,8, 

The values k^/kl - 1^,/11 ■ cqoq ib 
C 3 0/ 3 ,53?9 13 eXplalred ^ve. The solution of Equations 

(2.3.1) a* (2.3.2) is n - 3.62, 9 . esc'! 3.62 - 16- 02. which c«pares with 17- 

30 . This value of n gives k„k - .95681. The equation of the parabolic portion 

WADC TR 55-294 
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is given by Equation (1.3,7) 

« ■ % ♦ Z ■ % ♦ % yi-3(/¾ or 

./¾ ■ 1.0646 ♦ 1.454 ^1-^¾ (2.3.3) 

Th. KR % 1« deteminad from 1,. - .5339 1¡ - .5339 n « .5339 „ kak 

therefore 

^ * 7533^n k* ’ TTSl?)" (3.¿2) (.95Í8TJ * 7,5W ft 

The non-dimensional and absolute coordinates are given in Table 2,3,1 

Table 2,3,1 - Cord Coordinates for a Conical Canopy 

FROM APEX TO MIR BELOW MIR 

!' »/% X z ^/½ a/% X z 

30* 

37* 04» 

44* 07« 

51* 11' 

5Ô* 34« 

65* Id* 

72* 22» 

79* 25' 

86* 29« 

90* 

.4968 

.6158 

.6969 

.7764 

.8475 

.9058 

.9515 

.9823 

.9960 

1.0000 

.2868 

.3581 

.4235 

.5056 

.5983 

.6994 

.8075 

.9155 

.9995 

1,0646 

3.761 

•4662 
5.276 

5.878 

6.416 
6.858 

7.204 

7.437 

7.540 

7.571 

2.171 

2.711 

3.206 

3.828 

4.530 

5.295 

6.113 

6.931 

7.567 

8.060 

1.0000 

.99136 

.98272 

.97408 

.96544 

.95681 

1.0646 

1.19975 

1.25573 

1.29868 

1.33490 

1.36677 

7.571 

7.505 

7.440 

7.374 

7.309 

7.244 

8.060 

9.083 

9.507 

9.832 

30.106 

30.347 
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Theoretical Gore Cenbarllna 

The curve 00¾ in Figure 2.3.1 is the 

gore centerline of the first approxi¬ 

mation and the curve 0HH]_ is the gore 

centerline for the second approximation. 

The coordinates xj., are calculated 

from the coordinates x, z of the cord 

in the second approximation, while the 

coordinates Xg, zg are determined by 

the length % 0^, where values are 

taken from Table 1.8,2 by interpolation. 

Table 2.3.2 gives coordinates x, z, coordinates x1# z1 and Xgt zg. 

In Figure 2.3.3 are plotted the theoretical cord curve and the theoretical 

gore centerline of the second approximation together with the photographic gore 

centerline as obtained from the photograph. 
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Figure 2,3«2 - Representative Photograph of a P'ully Inflated Conical Canopy 
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Theoretical Cord 

6iß)’IT*30' 

{»Portion OA 
**ß>30* -jz . (tanso*)X 
*4 *X.T#W%^ 

-t 

ut) Portion ab , 
30+4* 90 

(3) Portm BC 
0 t 90 

Paraòobc ctrc 
(9- ti* 0¿‘) 

***»[/* ttÏ0'7***- 
L 

where q * jo 

I* [ *£<* 4m f4 [cm J i */") cot *4 f cot re V/vJ ’*¿4 
“ Ç* r ■* 
J tintftin 4 [ <-0$•(*■/„) cot*4 + cos ta •‘/«j *c(4 

, stn f ein (»/n) - cos [/50 - (or**)] 

i .[/.,.«* /♦«/- Vx,] X» 

Bee Table &j.e 

Ftgur« 2.3.3 - Comp.rlson of Theoretical with Photographically Detemlned 

C-^nX. 22“ IT"1 Cmpr (N ■^ 
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(2.4.1) 

¿A .. fonparlaon of th. Thaoretln.l with th. .^^~r>.lMuT 

gLa.fMa.r I^at^ Personnel W. Surf»M e.n.py. (Tjrp. 0-U, d0 - 30 

ft, H ■ 24, ß ■ 30*, ^ . 13,857 ft> ^ . 30 ft) 

Photographic Shape 

The canopy was nade according to.USAF Dwg. 52J6026. Fron the drawing, 1« - 13 ft 

3 in. * è (14-9/16 in.) - 13.85? ft. Ualrç 1. . 30 ft to scale the d»wirç, 

la * 32.462 ft which gives 

al» e(P) . i6* 431 

The photographic ahape wa, det.mlned fron the photcgroph shown in Figuro 2.4.3. 

Theoretical Cord Cordinates 

The portion of the cord above MR is asaroed to be that of the flat canopy but 

wlthadifferent %. The portion below HIE is assumed to be a circular arc. The 

determination of „ and the le^th a^ radius of the circurar arc aro acconpliehe 

by the solution of 14 simultaneous stations given in Section 1.9. For this can- 

opy these equations have already been solved in Section 1.9. 

From Section 1.9 the values in Figure 2.4,1 are 

0sk * 100* 50» 

6 ■ 16° 51» (compares with 16* 43») 

\ ■ 9.506 ft 

Pm - 5.075 ft 

The non-dimensional coordinates of the portion 

of the cord above MIR are obtained from the 

flat canopy, Section 1.4, and are given in Table 

2.4.1 together with the absolute coordinates us¬ 

ing % - 9.506 ft. 

150 
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(2.4.2) 

Th« coordinate« of th« »kirt are 

3t«k-%-P [l - oo« (08k - 90)] 

■ 9*506 - 5*675 (1 - cos 10* *50») ■ 9.4OI ft 

and *«k ■ *m ♦ Zsk ■ % ♦ P «in - 90) (2.4.3) 

■ 6.479 ♦ 5.675 «in 10* 50» - 7,533 ft 

Table 2,4.1 - Cord Coordinates for a Personnel Guide Surface Canopy 

Si _0L. © ff) _ ® ® ® © 
* X (ft) 

9.506 © 

« (ft) 

9.5O6 Q) 
0 X (ft) 

9.506 ® 

-- 

î (ft) 

9.5O6 © 

0* 
4* 

10* 
20* 
30* 
40* 

0 
rlll5 
.2647 
.4723 
.6405 
.7802 

0 
.0038 
.0227 
.0779 
.1561 
.2541 

0 
1.060 
2.516 
4.490 
6.089 
7.417 

0 
.036 
.215 
.740 

1.464 
2.415 

45* 
50* 
60* 
70* 
60* 
90* 

.8409 

.8752 

.9306 

.9694 

.9924 
1,0000 

*3095 
.3470 
*4262 
.5093 
.5948 
.6816 

7.994 
8.320 
8.846 
9.215 
9.434 
9.506 

2.942 
3.298 
4.O5I 
4.841 
5.654 
6.479 

The $ore centerline is determined as in the 

case of the flat and extended skirt canop¬ 

ies, Section« 2.1 and 2.2 respectively. The 

actual values are slightly different because 

of N. The preliminary calculations follow: 
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àx/<3$ 

dxg/«ÿ 

dz/dXg 

-1 

0-45* 

0 * 45* 

0 ■ 45* 

•6594 % (as before) 

•6896 % 

fe’•«a 

0g - tan’ .95621 - 43* 43' 

The gore centerline equation is 

Xg ■ 1.1047 % Vain 0g 43* 43» ■ 0* ■ 90 
'g 

Tba t-ooonUnat* Is given by 

ig • 1.1047 (%A/i) 2 [g - E (u)] - [k - u] 

(2.4.4) 

(2.4.5) 

(2.4.6) 

(2.4.7) 

♦ .0692 3¾ (2.4.8) 

These coordinates Xg and Sg are given in Table 2.4.2 and 2.4.3 and plotted 

in Figure 2.4.4 together with the coordinates of the theoretical cord. 
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25-, 
fll.ft FiUly Inflated Conical Ring Slot (u - 32, /3 . 

lc ■ 11,55 ft, 18 - 22 ft) 

fhotographic Shap# 

Th. photograph used for comparison was taken when the parachute »as close to the 

ground, as presented in Figure 2.5.1. Sy scaling the photograph and using di¬ 

mensions from USAF Dwgs. X53J70ÜOE and EL-53-H-73 th. length i; - 25.¾ ft. 

Theoretical Cord Coordinates 

In order to determine the cord shape it is necessary to calculate x* using 

Equations (1.3.18) and (1.3.19) as if the canopy were flat. The data used in these 

equation, are obtained from Section 1.10 «d th. procedure outlined therein is 

followed to obtain the cord shape. 

ksk 

kak 

Kn) + 2 (1 
f(n) ♦ 2 m- m tin) ♦ 2,6318 

f(n) ♦ ,92 n 

1. _í2L 
«2-1 

(2.5.1) 

(2.5.2) 

These equations give n - 3.35, k0k - .97510 and 

x3k - la sin 6 - l¿/n • 25.O4/3.35 • 7.475 ft (2.5.3) 

^ * WW - 7.475/.97510 - 7.666 ft (2>5>4, 

These are the skirt and MIH value, for a flat solid canopy a* must be m^fted 

to give the value, for the conical rirç slot. Using prisms to denote the ring 

slot quantities (see Section 1,10) 

xsk " 1«°9 Xgk - 8,148 ft 

Sin 6' - *yij . 8.148/25.04 - .3254 ■ 1/n' 

n' • 3.073 («' - 18* 021) 

f(n') - 2n' + (n'2 • l) log S|—* 1 . 

(2.5.5) 

(2.5.6) 

WADC TR 55-294 156 



(2.5.7) 

Solving Equation (1.10.9) for 4 yields 

2 3-0 ♦ 4k *(»«) 
~¿8lá ♦ f(n*y 

(2) (ll.5)»(a.l48) (11.¾.¾) 
2.6010+11.048 0.2¾ ft 

4k - 8.143/d.234 - .9896 ( 2#5#8 

Knowing 4 and k* the coordinates are detemined usir« the norv-dimensional co. 

ordinates of the flat canopy. Table 2.5.1 gives the cord coordinates. 

Table 2.5.1 - Cord Coordinates for a Conical Ring Slot Canopy 

Notei Equation of the parabolic portion 

. -/4 - .6816 ♦ 2 ^(n-2 - 1) (1.4/4) 

(see Equations (1.10.11) and (1.10.8)) 

or *74 - .6816 ♦ .5926 \/l - x74 

Theoretical Gore Centerline 

Urin« the method of Section 2.1, the equation, of the «or, centerline are a, 

given below. 
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*g ■ eos (VU) íx/x^ ♦ tan (i0i) ~^n^Sln ^ 

*g ■ same as for'cord at x. 

X -,.5599 ^(5.85 ) 

Eolations (2.5.9), (2.5.10) .m (2.5.U) hold for oí |í í 45.. 

equations are: 

(2.5.9) 

(2.5.10) 

(2.5.11) 

For 0>45* the 

Xg • I.O8O3 jj, VsTn ¡<g 
(2.5.12) 

- 1.0803 ( VVi) [ 2 [B - E («)] - [K . u] I * .oto ^ (2.5.13) 

which hold for U.S0g 4 90.. The lower »lu, „f ¢, ls oaicuUW ., follow., 

w ' I §: 
0 ■ 45‘ 

The constant 1.0Ô03 is determined by 

-tan’1 
.6830 3¾ (2.5.U) 

s 
^ ^ ^S9L • i.o«m 

3¾ ,8U3 

Th. corotant .0723 % i. th, dlstanc, 00, of Figure 2.1.3. Th. coordinate, are 

given in Tables 2.5.2 and 2.5.3. 

A comparieon of the theoretical and photographically detennined shape i. 

shown in Figure 2*5.2, 
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Figure 2*5*2 - Comparison of Theoretical with Photographically Deterndned 
Shape of a Fully Inflated Conical Hing Slot Canopy (N • 32, 

ß - 25*, 1c * H.55 ft, 1# - 22 ft) 
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«Uy D«t«mln»<l Shap. of » tuUj Inn>ted mt CtropT 

Constant 

A mrthod for th. thoorrtical prodlotton of th. shape of » fut canopy has 

t-.n developed ln Ssotlon 1 which, hsln* d.rived fron th. T.yKr cur«, purport, 

to predict nor. accurately than th. Taylor our« itself the IhUy mruted shape 

in steady dsscsnt. Particularly since this solution has been used as . basis for 

predicting th. shapes of ,e«ral other canopy types, it is of interest to evaluate 

the n» theory again* the original Taylor cur«, which has the advantage to be- 

gin with of being much simpler to obtain. 

The coordinates of the Taylor shape are given in Section 1.2. if lt is ai_ 

auned that the portion of the cord below MR is also a Taylor cur« syunetrlcal 

With that abo« MR, it is necessary to find th. length of th. portion below MR. 

Por a flat .canopy 1, ■ 1A ft and 1^ - 25 ft. In Figure 2.6.1 the cur« OB is a 

complete Taylor curve while BC is synmetri- 

cal with BA. At point C the angular para¬ 

meter is 08k i.e. point c is at the skirt. 

Because of the synmetry of points A and C 

the angular parameter is 180* - 08k# xhe 

line CD is the length ij and is tangent to 

the cord at C; therefore the angle 0 - 

Jfsk - 90«. The length OB - ^ and BC - BA - 

lb* The following equation can be written 

using the equations of Section 1,2* 
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o» • win ^ 
(2.6.1) /#>«*1 y Jin (180 - fa) 

- » 

V1_i «ln?)» 
(2.6.2) 

1« ♦ lb * 1«-U ft 

x«k * là «in « • ^sin (180 - fa) 

Ij • 25 ft 

(2.6.3) 

(2.6.4) 

(2.6.5) 

Using fa - 90* •Sa») 180* - fa • 90* - S 

b« solved to yield 

% - ---Já_ 

Equations (2.6.¾through(2.6.5) naj 

1.3m ♦ (i/yT) 

and (25 sin 0)/ ^ cos 0 

cos ,-1 Veos 0 

ÉL 

(2.6.6) 

Vi * J sin2 # 

(2.6.7) 

Thss. last two «quations may be solved by trial and error using a table of 

elliptic Integrals of the first kind. If tables of elliptic functions are avail¬ 

able, the equations may be solved by eliminating % and transfondng the result- 

ing equation with 

cm ■ Veos 0 

to get i 
' (2.6.0) 

u • V2 04/25 ) 
cn u 

sn u Vl ♦ cn^u 
L.3II1J (2.6.9) 
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which na7 also be solved by trial and error. The solution of Equations (2.6.6) 

and (2.6.7) is ^ ■ 111* 10» or • ■ 21* 10» from which jfc ■ 9,%8 ft. 

An interesting variation of the Taylor shape is to assume that the portion 

below the MIR is parabolic and is determined by the method of Section 1.3. In 

the equations 

v-w - * 2 ka 
t{n) ♦ 2n ¡kc?k¿; (2.6.10) 

hak è (Pm/jQa) 

n2 -1 
(2.6.11) 

ka ■ 1.3111^ Pm " ¿ % s**! ■ ,56 thus the solution is n ■ 2.794 or 

0 ■ esc * n ■ 20* 58» which is virtually the same as the value above. The value 

of kgk is .96324 and 

% ■ iJ/nkgij - 25/(2.794) (.96324) - 9.29 ft 

The coordinates of these two Taylor curves are given in Table 2.6.1 to¬ 

gether with the cord coordinates for the flat canopy. The two Taylor curves are 

so close together that only one is plotted. Cord shapes are plotted in Figure 

2.1.4 for the Taylor curve and the new theory, together with photographic shapes, 

using a common apex. 

Examination of Figure 2.1.4 indicates that the new theory developed in Section 

1 comparesmore favorably than the Taylor shape with the photographic shapes. Al¬ 

though no photographic cord curve is available, it must, of course, fall inside 

the curve for centerline of gore and be colljnear with the suspension line at the 

skirt. While both theories predict the angle 6 between suspension lines and the 
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axis of th« canopy within a dagreo, the skirt lerei of the Taylor shape is too 

high and consequently its cords bulge to the sides too much. The Taylor curse 

remains a useful first approximation, however. 

Table 2.6.1 - Cord Coordinates for Taylor Curves and Plat Canopy 

with Common lc and 1^ 

Taylor Curve above Sc 
Below MIR 

— 

Taylor Curve with 
Parabola 

Theoretical 
Flat Canopy 
Cord Curve 

(See Table 2.1.2) 

0 X» s’ X» it X» *• 

0 
* 
2 

4 
6 
Ô 
10 
20 
30 
40 
45 
50 
60 
70 
60 
90 
100 
11#10» 

0 
1.75 
2.47 
3.02 
3.49 
3.90 
5.47 
6.61 
7.49 
7.86 
8.18 
8.70 
9.06 
9.28 
9.35 
9.28 
9.03 

0 
.03 
.06 
.11 
.17 
.22 
.63 

1.17 
1.79 
2.12 
2.47 
3.21 
3.99 
4.79 
5.60 
6.41 
7.30 

0 
1.74 
2.45 
3.00 
3.47 
3.87 
5.43 
6.57 
7.45 
7.81 
8.13 
8.65 
9.01 
9.22 
9.29 
9.16 
8.95 

0 
.03 
.06 
.11 
.17 
•22 
.63 

1.16 
1.77 
2.11 
2.46 
3.19 
3.96 
4.76 
5.56 
6.67 
7.35 

0 
.49 

1.02 
1.51 
1.98 
2.42 
4.31 
5.85 
7.12 
7.68 
7.99 
8.50 
8.85 
9.06 
9.13 
9.00 
8.81 

0 
.01 
•04 
.08 
.14 
.21 
.71 

1.43 
2.32 
2.83 
3.17 
3.89 
4.65 
5.43 
6.22 
7.31 
7.94 
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2»7 Analysis of the Tension and Loading in the Cord of the Hat Canonv 

Using the Intrinsic Equation of Equilibrium for Heavy Cords 

In Sections 1*1 end 1*4 & study has been made for the detennination of 

the shape of the nord for the inflated flat canopy* A basic assumption of this 

study was that the tension of the cord remains constant along its entire length 

from the apex to the hypothetical point of concurrence of the suspension lines. 

This assumption simplified the problem by confining it chiefly to geometrical 

considerations. However, the tension of the cord perhaps should not be consider¬ 

ed as constant along its entire length, since the flat canopy is a special case 

of a conical one and the cord tension at the apex for the conical can be shown 

from considerations of statics to be zero. 

The present section deaxs with the detennination of the cord tension T and 

the exterior forces per unit length applied on the cord as functions of ¿he 

variable angle 0, The intrinsic equation is very important because it can be 

applied to any flexible cord with any kind of load. In its original fora the 

equation is a vectorial differential equation and hence it leads to two equations 

in Cartesian coordinates for plane curves. These two equations contain three un¬ 

knowns T, and the angle T included between the vectors of R^ and the normal 

rT to the curve at any point. Therefore the system of two simultaneous equations 

with three unknowns has an infinite number of solutions. However, the physical 

problem has one and only one solution which can be obtained if one unknown is re¬ 

placed by a properly chosen function of 0, and boundary conditions for the three 

variables are established to fit satisfactorily the physical problem. 

As an example, suppose T * 0 at the apex and R]_ ■ maximum at the skirt are 

reasonable boundary conditions, and let the angle £ be given by an arbitrary 
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function of 0 Mtisfying other boundary conditions. V-ith these assoyions the 

solution of the tvfo simultaneous equations is obtained* 

The intrinsic equation of equilibrium, us¬ 

ing vector notation, 

%♦ LSl.'t) mQ 
1 ds 

(Reference 10, page 266) 

or, in Cartesian coordinates, 

+ f -° (2.7.1) 

^ * p * 0 (2.7.2) 

Where % is the exterior force per unit length of the curse 

T ■ I T I is the magnitude of the cord tension ( scalar tension) 

p is the radius of curvature of the curve 

ds is the differential arc length 

t is the unit vector along the tangent of the cord 

n is the unit vector along the normal to the cord 

£ is the angle included between rT and -¾ 

R^ • t - -R^ sin JT , R^ • n - -¾ cos £ , where R^ ■ | R2 | 

Then Equations (2.7.1) and (2.7.2) become respectivelj 

R^ sin *7 - dT/ds 

Rl cos 5 ■ T/p 

Dividing these two equations and taking equation ds - pd0 into acount we obtain 
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cl/r ■ tan 7 d0 

/tan J d0 
Integrating T - ce (2.7.3) 

Asamned Boundary Conditions 

T ■ 0 at 0 ■ 0 (ap>x) 

T ■ maximum at 0 ■ t^/2 ♦ 0 (akirt) 

The second boundary condition gives dr/d0 ■ 0 at n/2 + 9 

/tan^d0 
or ce tan Ç ■ 0 vrtdch is true for tan £ ■ 0 when 0 ■ n/2 ♦ 0. 

This can be accomplished by assuming that tan £ ■ (2.7.4) 
x 0Z (0 ♦ n/2)2 

In facty'tanfd0 ^ - (e /^2)2] ^ " 0 " (0 A/2)2 and E<^tion 

(2.7.3) becomes [" Í “ (0 /n/2)2] 
T ■ ce (2.7.5) 

Equation (2.7.5) satisfies both boundary conditions; that is, for 0*0 

- 00 ^ ♦ n/2] f 1 
T ■ ce ■ 0 and for 0 - 0 ♦ rç/2, dT/d0 - ce (0 ♦ n/2)2 

_i_l 
" (0+ 11/2)2] 

hence T is maximum when 0 ■ 0 + n/2 

Determination of the Constant of Integration c in Equation (2,7.5) 

For 0 - n/2, T - Tm 

Therefore Tm ■ ce 
[- (2/*) - 2 (9 ♦ Va)2 . 2/n ♦ 

; and c - Tm e 
(«*♦ -t/2)2 ] 
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Ttan Equation (2.7.5) bocones 

, * (9 ♦ V2)2] 
■ aTma L J 

where a • e ^ 

2/s ♦ 
2(« ♦ V2)2. 

(2.7.6) 

(2.7.7) 

and finally, sol vin? Equation (2.7.2) for Hi results in 

«1 P COS i 

{/*(«♦ V2)2 

aTm 
(2.7.8) 

P e cos 

* 

t4n 02 " (9 ♦ V2)2| 

Starting with any as^d cord shop, whatsoever the cord tension T a* loading 

Rl can be calculated as functions 0/ 0 fron Equation, (2.7.6) a* (2.7.8) ^ 

spectively. 

It can be easily shown that étions (2.7.1) ^ (2.7.2) yield the Taylor curvo 

for the same assumions for which thi. curve was derived. Thus for ; . 0 

Equation (2.7.1) gives T - «notant, and for R* -foe ,/N)p Elation (2.7.2) give, 

2x(a/N)p T/p or p . ds/d0 - . (my^spx) d0. Integrating this last 

equation remits in ^ .<m/p,)aln 0 or ^ . ,2 3l„ ^ ^ ^ . ^ 

Reference 2). 

This approach to the determination of the variation of canopy cort tensions 

between skirt and apex could be very helpM i„ the analysis of expetinental data. 

If. for example, the shape of the cords could he seen, as it cannot in existing 

photographs, and if the direction of the resultant force, on the oord could be de¬ 

termined from the observed strain patterns, the ccrd tension at any point could 
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b« found using as boundary conditions (l) the known tension at the skirt, and 

(2) (ff/djí ■ 0 at the skirt. In the absence of data of this sort, too maiy as- 

aunptions which cannot be easily justified are necessary for the approach to be 

very usêfUl. 
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SECTION 3 - EFFECTS OF VARIOUS PARAMETERS ON CANOPY SHAPES AND STRESSES 

INTRODUCTION 

Section 3.1 gives the effect of suspension line length on the cord shape 

of the flit canopy. This effect is shown by means of cord curves from apex to 

MIR for Ic/lJ ratios varying from 0.? to 2.0 while lc, N, and p are held oorn 

stant. The suspension line angles are also given. 

The effect of cone angle on the canopy shape ami stresses in conical can¬ 

opies is given in Section 3.2, Approximations are used to simplify the calcu¬ 

lations, 

Sections3.3 and 3.4 show the effect on the canopy shapes and stresses of 

such design practices as increasing fullness and pre-tensioning of the cord 

lines. At the vent, seams are reinforced with nylon webbing; extra folds of 

cloth are used at all seams. The cord over the vent is purposely áiortened. 

All these design practices are discussed in Section 3.5, 

Section 3.6 gives the effect of N upon the campy shape of a flat canopy. 

Since the number of gores does r»t occur explicitly in the equations of Section 

1.4 fcr the cord shape of the flat canopy, a modified Taylor cord shape that does 

depend upon N is developed. This is done by taking into account the Mlness of 

the gores in horizontal cross-sections. 

1/ADC TR 55-294 171 



2¿1_Effect of Suspension line Length on the Cord Shape of a Flat Canopy 

For difi—rent values of the values of and % are found by the follow¬ 

ing equations 

ltak ’ fini ** aÆÜ/li) *h#M f(n) - 2n ♦ (n2 - l) log (Ä^i) 

^sk " ^ and n ■ esc 0 
n2 -1 

(see Equations (1.4.5) (1.4.6)) 

1 
Also XL - —;-- ,C ■ ,,., 

^sk UcAs) 

Table 3.1.1 - Values of 0 and x* vs Vis of a Flat Canopy with 1c - 10 ft 

le/l. ^sk n 0 % (ft) 

•2 
.4 
.5 
.6 
.8 

1.0 
2.0 

.99495 

.98108 

.97138 

.95992 

.93180 

.89928 

.71580 

7.1 
3.77 
3.12 
2.69 
2,16 
1.866 

1.371 

8* 6« 
15* 23* 
18* 42« 
21* 49' 
27* 35« 
32* 24« 
46» 50« 

7.07799 
6.75917 
6.59913 
6.15446 
6.2106 
5.93926 
5.09497 

Using the values of 1^ from Table 3.1.1 the cord length lc is assumed con¬ 

stant and equal to 10 ft. Tables 3.1.2 and 3.1.3 contain the x and z coordin¬ 

ates of the cord from apex to skirt for the various ratios of le/l¡ and lc - 10 

ft. These values are plotted in Figure 3.1,1, 
* 
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.0000 

.11X5 

.2647 

.4723 

.6405 

.7302 

.8/,09 

.8752 

.9306 

.9694 
.9924 

1.000 

.0000 

.0038 

.0227 

.0779 

.1561 

.2541 

.3095 

.3470 

.4262 

.5093 
.5948 
.6816 

Parabolic Arc Modified] 
Vxjn & z/xjjj for vari¬ 
ous values of Iq/i! 
from Table 3.I.2 

Vi; .5 

* (ft) z (ft) 

6.59913 (2) 6.59913 ß) I 6.45448 

.0000 
.736 

1.747 
3.117 
4.227 
5.149 
5.549 
5.776 
6.141 
6.327 
6.549 
6.599 
6.561 

6.524 
6.486 
6.448 
6.410 

.0000 

.025 

.150 

.514 
I.03O 

1.677 
2.O42 
2.29O 
2.813 
3.361 
3.925 
4.498 
4.998 
5.205 

5.364 
5.497 
5.616 

.0000 

.720 

I.709 
3.048 

4.134 
5.036 
5.428 

5.649 
6.OO7 

6.257 
6.405 
6.454 
6.402 
6.351 
6.299 
6.248 
6.196 

.6 

g (ft) 

6.45448 (¾ 

.0000 

.025 

.147 

.503 
1.008 
1.640 
1.998 
2.240 

2.751 
3.287 
3.839 
4.399 
4.978 
5.218 
5.401 
5.556 
5.693 
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Tabl« 3.1.3 (oonb) 

(è) (2) (3) IcAs • .8 IcAs ■ 1.0 

X (ft) » (ft) X (ft) * (ft) 

6.21060 @ 6.21060 (3) 5.95926 (5) 5.95926 (3) 

.0000 

.1115 

.2647 

.4723 

.6405 

.7802 

.8409 

.8752 

.9306 

.9694 

.9924 
1.0000 

.0000 

.003« 

.0227 

.0779 

.1561 

.2541 

.3095 

.3470 

.4262 

.5093 

.5948 

.6816 

.0000 

•692 

1.644 
2.933 
3.978 
4.846 
5.222 

5.436 
5.780 
6.021 
6.163 
6.211 
6.126 
6.041 
5.956 
5.872 
5.787 

.0000 

•024 
.141 
.484 
.959 

1.578 
1.922 

2.155 
2.647 
3.163 
3.694 
4.233 
4.960 
5.260 

5.491 
5.685 
5.856 

.0000 

.664 
1.577 
2.815 
3.817 
4.649 
5.011 
5.216 
5.546 

5.777 
5.914 
5.959 
5.839 
5.719 
5.599 
5.479 
5.359 

.0000 

.023 

.135 
•464 
.930 

1.514 
1.844 
2.068 
2.540 
3.O35 
3.545 
4.062 

4.909 
5.259 
5.528 
5.754 
5.954 

Parabolic Arc Modified 
V%,& 2/¾ values of 
lç/lg from Table 
3.1.2 

© © lc/ls ■ 2.0 

0 */% X (ft) * (ft) 

5.09497 © 5.09497 © 

0 

4 
10 
?0 

30 

40 
45 
50 
60 
70 
80 
90 

.0000 

.1115 

.2647 

.4723 

.6405 

.7802 

.8409 

.8752 

.9306 

.9694 

.9924 
1.0000 

.0000 

.0038 

.0227 

.0779 

.1561 

,2541 
.3095 
.3470 
.4262 

.5093 

.5948 

.6816 

.0000 

.568 

1.349 
2.4O6 
3.263 

3.975 
4.284 
4.459 
4.741 
4.939 
5.056 

5.095 
4.805 
4.516 
4.226 

3.937 
3.647 

.0000 

.019 

.116 

.397 

.795 
1.295 
1.577 
1.768 
2.171 
2.595 
3.O3O 

3.473 
4.668 
5.192 
5.578 
5.903 I 
6.-90 1 

Parabolic Arc Modified 
x/%,& 2/¾ value3 of 
IcAs from Table 
3.1.2 
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3*2 Effect of Cone Angle Variation on the Canopy Shape and Stresses of a 

Conical Canopy 

In this study the equations of the first approximation (see Section 1,7) are 

used because an undue amount of labor would be required if the equations of the 

second approximation were used. Also the cord curves of the two approximations 

are rather close together (Figure 1,8,13), Confutations for the cord shape and 

canopy stresses are nade for cone angles of )8 ■ 10*, 15*, 20*, 25* and 30*. 

These computations show that the cord curves for small ß are above those for 

larger ß f and that the cord tension and cloth stresses decrease as ß increases! 

if the cords have common apex and length over the canopy. 

The calculations are based in part on approximate equations derived from those 

of Section 1,7 by letting cos n/N 3 cos 2n/* * 1 and tan n/YL * 0, 

From Article 1,7 the parametric equations of the cords aret 

(3.2.1) 

cos^ n/N oot^ /3 » cos 2x/N 
s/% ■ tan/6 

(3.2.2) 

Since ß appears only in the first term of Equation 3.2.2, Table 1,7.1 can 

be modified to include the several values of ß , This is done in Table 3,2,1, 

In Figure 3.2.1 the cord curves for ß “10°, 20* and 30° are plotted. 

The equations for the tension in the cord and the stresses in the canopy are 

given byj 
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Table 3»2.1 - Coordinates of Cord for Various Cone Angles ß 

© © © ($> @ © 
0 tan 0 cot 0 */% 

• 
fê) • ®2 ♦ ® ® /© 

10 

15 
20 

25 
30 
42 
54 
66 
78 
90 

.17633 

.26795 

.36397 

.46631 

.57735 

.90040 
1.37638 
2.24604 
4.70463 

0» 

5.6713 
3.7321 
2.7475 
2.1445 
1.7321 
1.11061 

.72654 

.44523 

.21256 
0 

5.7081 
3.8286 
2.8959 
2.3423 
1.9785 
1.4759 
1.2185 
1.0775 
I.OO52 

.9828 

I.OO65 
1.0259 
I.O54O 
I.O922 
1.1423 
1.3289 
1.6771 
2.4201 
4.7290 

00 

.17218 

.25670 

.33938 

.41959 

.49674 

.66590 

.80657 

.91211 

.97773 
1.0000 

© a/% 

o © - ©/ © 

©/ © /3 - io* ß ■ 15* Æ • 20* 25* 0-}O> 

10 

15 
20 

25 
30 
42 
54 
66 
78 
90 

.99365 

.97486 

.94887 

.91568 

.87553 

.75259 

.59632 
•41325 
.21148 

0 

.0305 

.0492 

.0752 

.1084 

.1486 

.2715 

.4278 

.6109 

.8126 
1.0241 

.0689 

.0949 

.1281 

.1683 

.2912 

.4475 

.6306 

.8323 
1.0438 

.1236 

.1568 

.1970 

.3199 

.4762 

.6593 

.8610 

I.O725 

.1957 

.2359 

.3588 

.5151 

.6982 

.8999 
1.1114 

.2868 

•WW 
.5660 
.7490 
.9508 

1.1623 1 

.96593 

.96295 

.9628 

cot ß 

1,00011 

/ Q > 

) 
See list jf 
constants just 
before Table 

1.7.1 

tan /? . ( 

© (0 -â)l 

1.0241 

1.0438 
1.0725 
1.1114 
1.1623 

for ß 
for /3 
for /3 
for ß 
for ß 

10» 

15* 
20* 

25 
30* 
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Figure 3.2.1 « Cord Curves for Various Cone Angles ß 
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(su Equation 1,7,1) (3.2.3) 
T - P X2 8111 2n/N 

2 sin 0 

il - (ses Equation 1,7.11) (3.2,4) 

The equation for the length of arc is given by 

s i^/oos^ 
cos 2n/N 

'cos2 VN cot2/3 ♦ cos 2r0I 

f % \Joo8 2n/N 

cos VN 

(see Equation (1.7.18)), 

(3.2.5) 

If in Equations (3.2.1), (3.2.2) and (3.2.5) we let cos A ■ 1, cos 2n/ti 

■ If cos n/N ■ I, tan n/N ■ 0 the following result* 

X - % sin 0 

a ■ % (sec/S-cos 0) ■ xa l^sec^ - ^1 - (*/%)2 

s - % ( tan/?* 0 - i3) 

Equations (3.2.3) and (3.2.4) become 

T ■ (l»¿/2) sin 2*01 sin 0 

fi/p% - i 

If 0 is eliminated between the equations for x and z, the equation of a 

circle results with radius ■ 1, center at 8/¾ ■ sec /3, 3(/¾ ■ 0* 

(3(/¾)2 ♦ (8/3¾ - sec /3 )2 - 1 (3.2.6) 
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Th« portion of the cum bolou the nudln, inflated «diu. is .^metrical 

uith a part abore KR. In ord.r to drt.mln, th. x coordlnat. of th, part be- 

low MIR the following equation must be solved* 

2 PC - OB 

3« n/cos 0B (»«« Equation 1.7.27) 

where Oc * Length of cord to MIR 

OB ■ length of cord to xb 

(3.2.7) 

XB * Coordinate of end of portion below MIR (■ x^) 

)¾ ■ 0 at XB above MIR 

n • lo/i; 

UdngS • ¾ lUn/3-ß.fa) 

xd • % .in 1¾ 

Equation (3.2.7) becomes* 

m tan j% ♦ 0b ■ k ♦ /3 - tan/9 (3.2.6) 

where k - 2 50/¾. 

Th. following table gives value, of ,/¾ vs 0 by using the approximate 

equation s • ¾ (tan /? ♦ 0 - ß). 

For the solution of Equation (3.2.8) values of k a« taken from Table 3.2.2 . 

fe (1.57260) - ,00100 ■ 3.14340 for 0 ■ 10* 

2 (1.57695) - .OO615 ■ 3.14775 for 0 ■ 15* 

Th», m tan 0B ♦ P . k (tan /3 - /3 ). /2 (1.53570) - .0U90 . 3.15650 for 0 - 20- 

/2 (1.60076) - .02990 - 3.17158 for 0 - 25* 

\2 (1.62455) - .05375 - 3.19535 for 0 - 30» 

Assuming m - 0.6 and solving the above equation by trial and error we obtain 

respectively: 
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1¾ ■ 72* 19» 

- 72* 21« 

■ 72* 25* 

■ 72* 31» 

• 72* 42' 

From Equation (1.7.27) lc - 2 OC - OB or lc/% - 2k 8^/¾ 

where is the cord length from the apex to the point B (see Figure 1.7.5). 

Values of % for all values of /3 and for I, - U ft can be found by using the 

above values of 0b, 

Thus for /9-10) y% • 2 (1.57260) . [ 1.258« . (1.30316 - 1.258«) (.317/6)] 

- 3.14520 - (1.25844 ♦ .00553) • I.88I23 

Then % ■ Iq/1.88123 ■ 14/1.88123 - 7.44194 ft 

For /3 - 15*, - 2 (1.57695) - [1.26279 ♦ (1.36751 - 1.26279) (.35/6)] 

■ 1.88500 

% - 14/1.88500 - 7.42706 ft 

For & - 20-, 1,/¾ . 2 (1.58570) -[ 1.271» . (1.37626 - 1.271») («17/6)] 

- 1.89258 

¾ - 14/1.89258 - 7.39731 ft 

For /3 • 25*, IcAin - 2 (1.60078) - [ 1.28662 ♦ (1.39134 - 1.28662) (.517/6)] 

- 1.90592 

% " 14/1.90592 - 7.34533 ft 

For /3 - 30*, Vxm - 2 (1.62455) - [ 1.31039 ♦ (1.41511 - 1.31039) (.7/6)] 

■ I.92649 

% ■ 14/1.92649 ■ 7.2671O ft 

For /3 » 10° 

. 15. 

- 20* 

- 25* 

- 30* 
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Given %, X and z can now be found by using the equations for and 

z/% given in Article 1.7 (Equations 1.7.16 and 1.7.17). T/p and fj/p can 

then be computed from Equations 1.7.1 and 1.7.11 respectively. All these 

value* are given in Table 3.2.3. 

Because these latter factors vary so slightly with ^ , no curves are 

drawn, though Figures 1.7.15, 1.12.1, and 4.1.2 in which ß - 30*, may be 

referred to. Variation of cone angle has little effect, therefore, on cord 

tensions and cloth stresses for 0^/3, where the mavimum« occur, and both 

approach zero toward the apex. 
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^ Strtases of Cloth Pul Incss at th6 Vflitb of Six 

Different Canopies 

In recently designed canopies the gores are 

made 1(¾ fuller at the vent reinforcement, than 

the uninflated cone geometry indicates. This 

fullness is tapered to aero at the skirt. If 

the vent reinforcement is allowed to increase 

by 1(¾ the result would be a gore D"EWCB in¬ 

stead of the original DECB. 

The new gore shape may be found by de- 

tennining angle Ç " in Figure 3.3.1. 

Let 2 Ç ■ gore angle when flat 

2 ■ gore angle when flat but with 

an increase at the vent of Ma", 

where "a" is defined by 

D*'E" - (1 ♦ a) DE 

Let OB, QD, and $ be the given quantities 

in addition to "a" above. 

Di'E» . (1 ♦ a) PE 
Then sin ç " " 2 O^D" 2 0rtD" 

■ (1 ♦ a) sin Ç 

But 0"D" - 0"B - D"B 

In A 0B0" 0"B/sin (180 - $ ) ■ OB/sin Ç " or 0"B »(sin Ç /sin Ç") OB 

In A BD"D, D"D/sin ( ^ - ^ M) ■ D''B/sin (90 - ^ ) or D"B cos Ç/sin ( Ç - ^") P"D 
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But 2D"D ♦ DE • DMEn ■(!♦&) DE 

Then D"D ■ ^ a DE 

b"b ■ sí (V -S ") *aDE 

0-D». OB.ln?/^t».5r^IT_T J.DE 

(1 ♦ a) sin t OD 
sin f _ cos t i TT 
sin?» «Ln ( Í - * a DE 

After some siraplification the above becones 

tan Ç» 
u sin t 

1 ♦ u cos £ 

where u - fc/a DE)[bD - a OdJ tan ^ . If DE - 2 OD sin £ is substi¬ 

tuted into the above the following results 

tan £'» - tan Ç [l - a QD/hd] 

Table 3»3*1 - The Angle £ •' 

Type of 
Canopy 

USAP 
Dwg* N 

OD 
(ft) 

OB 
(ft) ? a (QD/OB) tan $M V 

Plat 50E6877 28 •7? 14 5* 2?» .005357 .11186 6° 23» 
Extended Skirt 49J7141 30 .8333 14.86 6 00 “.005608 .10451 5 58 
Personnel 
Guide Surface 52J6026 24 .607 13.857 6 30 .004380 .11344 6 28 
Conical 
Ring Slot X53J7080E 32 .8125 12.11 5 06 .006709 .08865 5 04 

Plat Ring 
Slot EL-H-785 48 1.5938 23.0 3 45 .006929 .06509 3 43 

Flat Ring 
Slot 

X53J7080 20 .625 
-.. i, 

7.8 9 00 .008012 .15711 
_L 

8 56 

Since Ç » differs from Ç by only 2< to 4>, it is evident that geometrical 

changes are negligible. 
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Since the geometrical changea in the canopy are negligible they can be 

neglected when considering the effect of the extra flillnees on the stresses. 

As has been stated in Section 1.7, the amaUest salue that rja can have is 

as/U. In the vicinity of the vent, the curvature of the vent is slight and be¬ 

cause of the assumed inextensibility of the fabric the equation 

V ’ SVN (3.3.2) 

can be considered to be a good approximation. The geometrical equation 

^ sin a - X sin n/ti (3.3.3) 

is true for all values of 0. With an increase in fullness at the vent Equation 

(3.3.2) would change but Equation (3.3.3) would not. In fact at the vent 

rlv °Sr " (1 + a) svi0i (3.3.4) 

because of 100a* extra fullness. Solving Equations (3.3.3) and (3.3.4) simul¬ 

taneously yields 

sin ay b Xy sin n/N 

Gy (ï ♦ a) Sy n/N (3.3.5) 

Using the first two terns of the sine series in Equation (3.3,5) yields 

1 “ Ü2L ■ ^ (-,. «y 
6 (1 ♦ a) sy I 62/ ÏT* a) sv (3.3.6) 

Solving Equations (3.3.4) and (3.3.6) 

Syll (1 ♦ a)' 

nv N u 6 (1 a - Xy/Sy ) (3.3.7) 

Since ^ - prx, Equation 3.3.7 gives the fabric stresses wisn p is known. 

In the vicinity of the vent sT 2 With this approximation and with 

a = 0.1 Equation (3.3.7) becomes 

riy « 4.68 Sy/N 
(3.3.8) 
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Table 3.3.2 gives value, of ^ and ^ using V . CD ^ Tibl, ^ 

for three parachutes. This table *ow, that the 10* ext» ftUnss, at the 

vent decrease, the stress., to 1/8 of their value without extra flam,.,. 

Table 3.3.2 - Values of r^ and n tor Three Canopies 

Type of Canopy 
« sv(it) r^Ot) il (ft) 

Flat,T-7 

Extended Skirt, T-10 

Personnel Guile Surface, C-ll 

23 

30 

24 

.750 

.833 

.607 

.125 

.130 

.118 

1.137 

1.287 

1.379 

Nation (3.3.7) can be used to detemin, the fabric stress., adhere 

along the cord if the extra fullness -a- is k„own. If i„ Ration (3.3.1) the 

lengths 0"D and 0D are allowed to va^, it can be seen that this aquation give, 

the value «a» a^ere along the con. Solvi^ this equation for *eld. 

0D [ 1 ^tan ? ' /tan ï )j- dc/s ■ 1) ^1 .(tan f »/tan ^ )J (3.3,9) 

a flat campy lc • U tt, sT • O.75 ft, and the extra fullness at the 

vent is 1(¾. 

a - 0.00566 (Ic/s - 1) 

and from Equation (3.3,7) 

*1 - .04531 s ^/uVa)3/(i ♦ a . */8) 

Table 3.3.3 shows values of n as detennined by Equations (3.3.10) and 

(3.3.11) and using values of x and s for a flat canopy. 

(3.3.10) 

(3.3.11) 
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Tabla 3« 3« 3 - for a Plat Canopy, Typa T-7 

0 8/½ x/a u/t a r^ft) a (ft) 

20* 

30 

40 

45 

.4058 

.6711 

.8417 

.9254 

.4723 

.6405 

.7803 

.8409 

.9722 

•9544 

.9271 

.9087 

3.1565 

2.2850 

1.8218 

1.6570 

.01221 

.00727 

•00465 

.00372 

1.04 

1.23 

1.27 

1.26 

4*44 

6.13 

7.68 

8.45 

5 (-fi) 
Figura 3.3.2 - Effect of 10% Extra Pullness on Cloth Strass 

Figura 3.3.2 suggests that although stresses are relisted locally in the 

uppar part, the maxinun cloth stress in a flat canopy is higher, rather than loser, 

as a result of adding extra fullness at the vent. This may be of little signifi¬ 

cance if stresses during the opening process tend to concentrate at the vedb. If, 

however, in the infinite mass case, the maximum stresses occur in the fully in¬ 

flated condition, some reconsideration of design rules may be called for in drag 

parachute applications. 
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Flat Canopy 

In a personnel parachute the lines over the canopy are shorter than the 

corresponding cloth length from aperto skirt by the amount that the cord 

stretches under a 20 lb load. 

In a typical example of a nylon cord (Reference 11, page 23) stretched 

under an ultimate load of 550 lbs, the elongation at break was found to be 35g. 

Extrapolation of the proper curve of page 23 in Reference 11 indicates an elon- 

gation of 5.5* for a 20 lb load. Since the cord is shorter by 5,5* relative to 

the canopy, the latter wrinkles radially in the uninflated state. 

Assuming that the carried load is 200 lbs and the angle 0 is 20* in the 

steady state, the cord tension is T - 20(/(24 cos 0)-8,9 lbs for a 24-gore can¬ 

opy, Therefore in the steady state the canopy wrinkles can be assumed as if 

the cord were pre-stretched by a load of 20 minus 8.9, that is 11.1 lbs. As¬ 

suming that the cord elongation is proportional to the applied load for magni¬ 

tudes in the vicinity of the above loads, the shortness of the cord, that is, 

the fabric exceta along the cord relative to the cord, in the steady state is 

5.5 (11.1/20) » 3*. 

Differentiating the equation x sin (n/N) - r^ sin a (see Section 1.1 - 

Step 8) results in 

sin (n/N) dx ■ r^ cos a da * sin a d^ 

sin VN cos 0 - cos a (da/ds)+ sin a (drj/ds) 

If il ^ constant, which according to Figure 4,1.9 is very nearly true for 

a flat canopy, this becomes 

sin n/N cos 0 - r]_ cos a (da/ds) 
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If ri is independent of ¢, then according to Section 1.1, Step 8, 

sin a » /sin 0 

whence cos a ■ /l - sin 0 

cos j 
80 ^ ■ sin^ ri rr- .in t 

When 0 - n/2, the application of L‘Hospitales rule gives 

JT 
(da/ds) • *r- sin n/N 

0-V2 ^ 

Then, if AaV Asn • (da/ds) 
0 • n/2 

■ ( /2/11) A Sm 8in VN 

Assuming the relatiorsii - 3¾ sin n/N and s* - 1.4896 % (see Equation 1.1.16)) 

stUl hold, and As/s - ,03, this yields 

A a,, -.03-(1.^96)¾ SÏ . .06320.3.37, 
% 

Then Om ■ 90# ♦ 3* 37t ■ 93* 371 

From equations of Section 1.5 it can be easily seen that variation of sin % 

by 0.1 involves variation of the coordinates and the arc length by approximately 

40. If a linear proportionality is assumed for values of exceeding 90* and in 

the vicinity of 90°, the variation of coordinates of the cord for » 93* 37t 

(sin (¾ - .998) is approximately 4 (.002/.1) - .080; therefore for all practical 

purposes this variation is insignificant. Since the radius r^ has been assumed 

constant the canopy stresses are also invariable. 
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^-—--ct Qf Rlb« Skirt« and Vent Reinforcement and Shortness of Vent 

Unes on Canopy Shape anH Stresses 

Two types of vent reinforcement are shown in Figures 3,5.2 and 3,5.3, 

Figure 3.5.2 shows one in which the cord is continuous fron riser to apex 

while Figure 3.5.3 shows one in which the cord from riser to apex consists of 

a nylon cord suspension line from riser to *irt, nylon webbing in the canopy, 

and nylon cord over the vent. 

In Section 3.3 the effect of extra fullness at the vent was determined. 

The shortness of vent line over the vent gives an analogous effect which can 

be added to that due to extra fullness. This is illustrated with Figure 3.5,1 

and the subsequent discussion. 

Figure 3.5.1 - Section Normal to Parachute Axis (One Gore) 

Let OA « xv » X * coordinate of point on cord at vent reinforcement. 

ABC a Length of canopy vent reinforcement without extra fullness and with¬ 

out considering shortness of vent lines. 

A»B'C' ■ ABC 3 Length of canopy vent reinforcement without extra fullness but 

assumed fastened at A» and C* to consider shortness of vent lines. 

A'BnC' ■ Circular arc of radius OA'. 

WADC TR 55-294 195 



WADC TR 55-294 196 

F
i
g
u
r
«
 
3.
5
.
2
 
—
 
S
k
e
t
c
h
e
s
 
o
f
 
V
e
n
t
 
R
e
i
n
f
o
r
c
e
m
e
n
t
s
 
f
o
r
 
a
 
2
0
-
F
o
o
t
 
F
l
a
t
 
C
a
n
o
p
y
 



i 

WADC TR 55-294 197 

F
i
g
u
r
e
 
3
.
5
.
3
 
—
 
S
k
e
t
c
h
e
s
 
o
f
 
V
e
n
t
 
R
e
i
n
f
o
r
c
e
m
e
n
t
s
 
f
o
r
 
a
 
3
5
~
F
t
 
E
x
t
e
n
d
e
d
 
S
k
i
r
t
 
C
a
n
o
p
y
 



I- seneral, ir o - . the circ»rwnee. of a circle o 
circle of diameter D, then 

^ 0 » * ÛD and Ac/O - ADA) . *BC - jimni 
ABC ■ A*v/xv; thus 

^ O/C • shortness of cords oirsr the caremir Tf fk .. 
Jrt. , , , Py* If the «*>•» fliUness is 10* as ,, Article 3,3 and if th . -,, ^ as 11 vert line, are sbort by 1W> then ^ _ 

•19 is the sum of the two effects in p + • / *9 *9 
. , 1 In Equatlon (3.3.6) the /actor 1 + a «n I» replaced by 1/.81 givi^ a can 

^ * 1*06 radians S 60* IO« 

For the canopy of Figure lío figure 3.5.2 , ^ ^ . 9#0 (>9) 

from Equation (3,3,7) * ** " 

rT ■ Sy n/ 28 Oy - 1.05 in. 

and 

The stresses at the vent reinforcenent 

equations of the hoop tension. 
Ca" be deterained in part by the 

ngure 3.5.4 -Fullness 
and Circumferential Stresses at the Vent 
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Figure 3.5.5 - Sketch Showing Stresses Acting on a Strip of Vent 

Reinforcement Between two Adjacent Cords. (Air Pressure 
is not shown) 

c 

6 

» «. Oi*. 

0 

Sinp of vent without extr* fullness 
and without considering cord shortness 

Strip of vent without extrq fullness 
but considering cord shortness 

St rip of vent with extra fullness 
and considering cord shortness 
C' 

c 
Center on axis of cano 

o.> ^ 
O.i "i 

Figures 3.5.6 - Sketch of Vent Strip of Figure 3,5.5 above with and 
without Fullness and Cord Shortness 
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Using the Taylor curve 

2 
Pv ■ x¡j2xy 

fir ■ sin"1 (xv/*m)2 

For the canopy of Figure 3.5.2 

% ■ 9.13 ft (see Section 2.1) 

Xy ■ 9/12 ft 

Pt * (9.13)2/(2) (.75) - 55.6 ft 

" (#75/9^13) ■ *0056 radians ■ 0,32* 

(A'B'C')f-ABC/.9 ■ 2Xf V.9N -2(9)^.9(26) - 2.84 in. 

(A'B'cOf includes 10¾ extra fullness 

Also A'B'C - 2iy Or - 2 (I.O5) (1.06) • 2.23 in. 

Applying the equation fl - ^ . pI1 (ho<)p ttnalon) at the edge of ^ ^ 

the following equations result: 
i 

flv ■ flv * P^l 

Asv ■ 1" (see Figure 3,5.2) 

Fv ■ prv Asy 

■ 1.05 p 

The vent reinforcement i, assumed to take the shape of a circular arc of 

radius rT in a plane almos, parallel to the canopy axis. The vent reinforcement 

may also be considered to have curvature of radius 0.9 x^ in a plane perpendi¬ 

cular to the canopy axis. Thus the hoop tension equation can be used again a. i, 

shown below: 

f2v (.9 Xy) dw - 2Fv sin dw/2 

f2v " FvA°«9 Xy) ■ I.05 p/8.1 . .130 p ib/in. 
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The vent reinforcement consists of three layers of cloth and a tubular 

nylon webbing. The force Fv ■ 1,05 p is distributed a non g these five items 

and hence the stresses are very small. The stresses Í2 m .130 p Ib/in. are 

also negligible, because in the steady state p < .1 lb/in^. 

After the cord emerges from the vènt reinforcement into the open vent space 

the only forces acting on it are those due to the drag of the cord in the air 

stream. This drag can be estimated by using the equation for the drag of a 

stranded cable in air. This equation is: 

where 

Let 

Then 

D - .00031 V2 d 

D ■ drag in lbs/ft of length 

V ■ air speed, in miles/hr 

d ■ cable diameter in inches 

V " 20 miles/hr 

d ■ 3/16 in. (scaled from U3AF dwg. 50E6877) 

D ■ .00031 (400)(3/16) - .02325 lb/ft. 

If the cord is assumed to take the shape of a circular arc of radius py, = 

ft then using 

F » (pv) (drag) (hoop tension) 

- (55.6) (.02325) - 1.29 lbs 

This load also gives negligible stresses in the cord and vent reinforcement. 

The stresses in the skirt and rib reinforcements are of the same order of 

magnitude as those in the vent reinforcement and hence are negligible also. 
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3*6 Effect of Number of Gores on Canopy Shape 

The equations of the cords of the flat canopy obtained in Section 1.1 and 

of the Taylor canopy which is conbined with it in Section 1.4, do not contain 

the number of ^ores explicitly. Both rhapes depend upon the canopy having a 

large number of gor^s. In order to determine the effect of N, the number of 

gores, two cord shapes dependent upon N are derived herein. One of these cord 

shapes is (except for a function of N) a Taylor curve; the other is not a Taylor 

curve but is derived in a manner similar to that of Section 1,1, 

The effect of N on the cord shape may be considered to be due to the effect 

of N on the gore fullness. The Taylor curve neglects fullness entirely while 

the equations of Section 1.1 do not neglect fullness but they do neglect to con¬ 

sider the effect of N on the gore fullness explicitly. 

\gure 3.6.1 shows a horizontal section through any one gore. AEB is a cir¬ 

cular arc of radius x, x being a cord coordinate for any given 0. The arc ACB is 

the one formed by the intersection of a horizontal plane and the gore material. 

The difference between these two arcs is the 
A 

C >0 arc is assumed to be (l) an epicycloid form¬ 

ed by rolling a circle of radius x/N on the 

circular arc A33, or (2) a circular arc of 

radius r^. The area OACB is found by inte- 

assumed to be part of an ellipse. Here this 

fullness. In Section 1.1 the arc ACB was 

S 

Figure 3.6.1 
gration to be 

a(2) , n ÍN ♦ 1) (N + 2) ^ 

N3 
(3.6.1) 

when the arc ACB is an epicycloid and 
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■ i |j[2a-ain 2a) r^2 ♦ X2 sin 2VnJ (3.6,2) 

when the arc ACB is a circular arc. If the tension in the cord is constant 

T sin 0 ■ Ap 

where T ■ AjjP 

Ag being the area A at 0 ■ 90*, For a Taylor curve 

-(-00(½1)2 
T 

% being the MIR of a Taylor curve. For the epicycloid and circular arcs 

V - („y 

*BC • Via2 ♦ à ^(%°)2 »in (2100- Ti sin 2¾] 

(3.6.3) 

(3.6.4) 

Equations (3.6.1) and (3.6,4) contain the variables r-p a, and %. These 

may be determined from r^ sin a * x sin n/N and by assuming that r^ is constant 

and that sin a ■ ^sin 0, With these relations and assumptions 

C 
*1 " ^ - % sin n/N 

a ■ sin^ / sin 0, % ■ V2 

A^ • è (¾°)2 (n sin2 n/U ♦ sin 2n/N) 

If the tension T in the case of the epicycloid and circular arcs are assumed 

equal to each other and equal to that in a Taylor curve, then the canopies will 

support practically the same loads. The equations of the cords are 

and 

X " ^/(N ♦ 1) (N ♦ 2) 

/ 2n ^ 2a - sin 2a 
/N sin 2n/N sin2 a (x ♦ 2 cot n/N) 

(3.6.5) 

(3.6.6) 
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in the cases of the epicycloid and circular arcs respectively. In the latter 

equations \Ja^n $ m x coordinate of the Taylor curve. It is evident 

that Equation (3.6.5) is a Taylor curve but that Equation (3.6.6) is not. Be¬ 

cause of the extreme difficulty of calculating the z-coordinates corresponding 

to Equation (3.6.6) and because the z-coordinates of the Taylor curve have al¬ 

ready been calculated, it is better to use Equation (3.6.5) to discuss the effect 

of N on the cord shape. 

Figure 3.6,2 shows the cord curve above MIR for a flat canopy and for a 

Taylor curve with the same T/p. With N « 24, 

j® ■ .944 xT (3.6,7) 

is the equation of the cord curve when the gores have epicycloid sections. As N 

increases, the cord curve approaches more closely the Taylor curve. At N = 100, 

x? - .985 xT. The variation of MIR with N is shown in Figure 3.6.3, which may be 

of help in the application of model data to prototype parachutes. 

As a consequence of affecting MIR, N also affects the angle of the suspension 

lines. Referring to Figure 3.6.2 it can be seen that eE< uT because the length 

ABC - AB«C‘ and 1« is common to both. Therefore the angle of the suspension lines 

increases with N. This may help to explain the discrepancy between tne theoreti¬ 

cally and photographically determined x^'s and suspension line angles observed in 

Section 2, since the photographic values are somewhat less than the theory pre¬ 

dicts for all but the conical canopy. 
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Figure 3.6.2 - Comparison of Cord Shape for Flat ^*1. 

JÄLh0W1^the Ef?ect of ^ ä f Ä Cord Shape and Angle of Suspension Unes 
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SECTION 4 - CLOTH STRESSES 

INTRODUCTION 

Saetí on 4.1 gives the cloth stresses imediateljr adjacent to the cords 

for the five canopy shapes studied. The stresses are given In teras of the 

ratio f]/p from apex to skirt. 

Osing principles based on the statics and geometry of stresses and strains 

that occur In cloth subjected to shear, the effect on cloth stress of straight 

and biased gores Is given In Section 4.2. Both meridional and circumferential 

stresses over a gore a. »»11 as those stresses adjacent to a coni are discussed. 

A need for biaxial strength data is brought outs 

Section 4.3 discusses some experimental data on the stress-strain relation¬ 

ships in parachuts cloth and airplane and airship faorics. Inherent inaccura¬ 

cies in strain measurements of cloth and fabrics are considered, and the kind 

of data needed for analytical purposes is pointed out. 

The effect of cloth stresses on porosity Is given In Section 4.4. Changes 

in geometric porosity due to thread shear and thread extension are calculated. 

Porosity data from other «urces are examined aixi the stresses that oc'ur during 

porosity measurements are calculated. 
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Shapes 

ix for Five Canoi 

Cloth stresses are calculated for the following canopy shapes: 1) Plat 

(T-7);2) Extended Skirt (T-10); 3) Conical; 4) Conical *ing Slot; and 5) Person¬ 

nel Guide Surface (C-ll) canopies. For the conical canopy the cloth stress has 

been determined for both of tne shapes given in Section 1.7 (1st approximation) 

and 1.8 (2nd approximation). The shape of each of the above canopies has been 

discussed in previous sections and available data from those sections, concern- 

ing the geometry of inflated or uninflated canopies, have been used in the pres¬ 

ent section. 

The determination of the cloth stress is reduced to the determination of 

the radius rj, since the formula ^ - pi^ holds for all cases except for the cam 

of the conical canopy in the first approximation, where the formula is 

fi - IP«»* 
2 cos n/N sin fB 

(see Equation (1.7.11)). 

a) Flat CanoDT (T-7, N • 28, lc - 14 ft, 1, . 22.83 ft, lc/l¡ - .56) 

See Sections 1,4 and 2.1 

For 0 ■ 0 ■ 45* the radius r^ is constant and equals Xg| Sin x/E 

where x^ ■ 1.117 - 1.117 (9.13) ■ 10.15 because of the magnification de¬ 

scribed in Section 2,1, 

■ 10.15 sin (n/28) - I.I37 ft 

For 45* <0 ¿90*, assume that the intersect¬ 

ion of the gore by a plans is a circular 

arc (Figure 4.1.1). 

From geometry 
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Go/-t ctñttrhnt 

sin a ■ X sin i0f (4.1.I) 

b ■ (1 - »s a ) (4.1.2) 

where b is the lerçth indicated in ?i«ure 4.1.1, 

perpendicular to the cord and which can be 

Measured fron Figure 2.1.4. 

Dividing Equations (4.1.1) and (4.1.2) results 

in 

or ^(a/2) ■ rah^r ^ 
The angle a is detemined from Equation (4.1.3) and than Equation (4.1.1) gives 

the values of ri. 

The following table gives values of rj^ for several values of ¢. 

Table 4.1.1 - Values of r* vs 0 (45* £ ï * 90*) for a Flat Canopj 
(T-7) 

Figure 4.1.1 

sin a 
1 • cos a 

X sin x/M 
b 

® (D © ® ® © © 
b (Ft) X (Ft) X sin n/N tan a/2 a sin a *1 (Ft) 

Measured from 
Figure 2.1.4 

See Table 
2.1.2 .11205© (D /© ©/@ 

45* 
50 
60 
70 
80 
90* 

•4438 
.4818 
.5579 
.6213 
.6847 
.7608 

7.677 
7.991 
8.496 
8.851 
9.061 
9.I3O 

•8602 
.8954 
.9520 
.9918 

1.0153 
I.O23O 

.5159 

.5381 
• 5860 
•6264 
.6744 
.7437 

54* 34» 
56* 34» 
60* A4» 
64* 08» 
68* 00* 
73* 16» 

.8148 

.8345 

.8723 

.8998 

.9272 

.9577 

1.056 
1.073 
I.091 
1.102 
1.095 
1.068 
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b) îxtendsd Skirtfanoa; (T-10, N • 30, lc . 17.9 ft, 1, . 25.5 ft, ^ 

■ 17.9/27.6 - .6W6) (see Section 2.2)* 

3¾ ■ 11.08 ft. 

For 0.- 0 * 45. ^ - constant - 3¾ sin n/U - (H.08) (1.1117) (.IO453) 

- 1.287 ft. 

For 45® < 0 4 90* the procedure of the flat type is followed. 

Table 4.1.2 - Values of rj ys 0 (45*$ 0*90*) foran E3ctended Skirt Canopy 

(T-10) 

f® ® ® © © ® ~®~] 
b (Ft) » (Ft) X aln Vto tan o/2 a sin a n (ft) 

Measured from 
Figure 3.2.4 

See Table 
3.2.1 .10453 © @/® ©/© 

45* 
50* 
60* 
70« 
80* 
90* 

•2646 
.2886 
.3367 
.4040 
.4762 
.5195 

9.32 
9.70 

10.31 
10.74 
11.00 
11.08 

.9742 
1.0139 
I.O777 
1.1227 
1.1498 
1.1582 

.2716 

.2846 

.3124 

.3598 

.4142 
*4486 

30* 24» 
31* 46' 
34* 42« 
39* 34« 
45* 00» 
48* 20* 

•5060 
.5265 
.5693 
.6370 
.7071 
.7470 

1.925 
1.926 
1.893 
1.762 
1.626 
1.550 

o) Conical Canopy - First Approximation 

N - 24, ¿ » 30, lc - 14 ft, I3 - 22.83 ft, VlJ . .5339 

Equation (1.7.28), in replacing 0.6 by .5339 becomes: 

2 OC - OB .533? 
cos 03 

2¾ (4.1.4) 
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Tâbl. 4.1.3 - V.1U.. fl/p lnd , „ ffor , tories cuopp ln tll, 

Wrst Approximation 

r®~ (3)_ 

* _0 
© r® ~© 1 

008 0 «in 0 sin A 008 A V* 8/½ 

.13053 © Soe Table 1.7.1 
30* 

36* 
42» 
48» 

54* 
60* 
66* 
72* 

78* 
84* 
90* 

•86603 

.80902 

•74334 
.66913 
.58779 
.50000 

.40674 

.30902 

.20791 

.10453 

.00000 

.50000 

.58779 

.66913 

.74314 
•80902 
.86603 
.91355 
.95106 
.97815 
.99452 

1.00000 

.11304 

.10560 
.09700 

.08734 

.07672 

.06527 

.O5309 

.04034 

.02714 
.01364 
.00000 

.99359 

.99440 

.99528 

.99617 
.99705 
.99786 
.99858 
.99918 
.99963 
.99991 

1.00000 

.49674 
•58441 
.66590 
.74023 
.80657 
.86408 
.93211 
.95021 

.97773 

.99443 
1.00000 

.57357 

.67819 
.78308 
•88825 
.99371 

1.09945 
1.20544 
1.31164 
1.41802 
1.52451 
1.63107 

® ]~®~ © 
0 (^/½) 008 A 2 cos (*/N) sin j fl/P% Vp (k) 8 (Pt) 

© • © 1.98288 - (3) (5)/© 7.4024 @ 7.4024 © 
30* 

36- 
42* 
48* 

54* 
60* 
66* 
72* 
78* 

84* 
90* 

.49356 

.58114 

.66276 
.73740 
.80419 
.86223 
.91081 

.94943 

.97737 

.99434 
1.00000 

.99344 
1*1655 
1.3268 
1.4736 
1.6042 
1.7172 
1.8115 
1.8858 
1.9396 
1.9720 
1.9829 l
ï
l
l
l
l
ï
l
l
i
i

 

3.6940 
3.7000 
3.7066 
3.7132 
3.7198 
3.7259 
3.7309 
3.7359 
3.7391 
3.7416 
3.7422 

( 
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This equation solved in a manner similar to that stated in Section 1.7 gives 

0B ■ 74* 15*} then from Table 1.7«1 jç can be found by interpolation 

Hence lc 

3¾ ■ .96155 •xtk. 

ÚM X, - (>9615?) 
coslg ^ .27144 % 1.89129 % 

Then 3¾ - lc/l.89129 - 14/1.89129 • 7.4024 ft 

The force f^ per unit length acting between the fabric and the cord in the di¬ 

rection of BC (see Figure 1.7.1) is from Equation (1.7.11). 

fl ■ 30) cos A 
2 coe n/N sin J3 (4.1.5) 

where sin A ■ sin n/N cos 0 (see Equation(l.7.4)) 

Table 4.1.3 gives values of f-j/p and s vs 0 

c) Conical Canopy - Second Approximation 

■ 30*t In ■ 14 ft. la ■ 22.83 ft. l/ll « .5339 

lc ■ *5339 1¿ - .5339 n3C8k - (.5339) (3.62) (.95681) % - 1.84924 ½ 

(see Section 2.3)} 

then 3¾ • 15/1.8(,9¾ - 14/1.84924 ■ 7.570? ft 

_ . X aln (n/M) 
sin a 
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d) Conical Hing Slot Canopy (H - 32, ß • 25#, 1c ■ 12.11 ft, lg ■ 22 ft, 
i 

lo/lg - .46363) (•«• Section 2.5) 

% - 8.03 ft 

For 0* 6 0 ■ 45» r], ■ conetant ■ 3^ sin ■ (8.03) (.09802) ■ .8750 ft 

For 45* ■ 0 ^ 90* the procedure of the flat type is ibllawed. 

Table 4.1.5 - Values of r^ vs J0 (45* * 0 * 90#) for a Conical 

Ring Slot Canopy 

(D ' © © © © 
* b (Ft) x(Pl) z sin 10( tan a/2 a sin a *1 (Ft) 

Measured from 
Figure 2.5.1 

See Table 
2.5.1 .09802 © ©/© ©/© 

45* 
50 
60 
70 
80 
90* 

.3704 

.4080 

.4574 

.5272 

.6143 

.6579 

6.924 
7.206 
7.663 
7.982 
8.171 
8.234 

.6787 

.7063 

.7511 

.7824 

.8009 

.8071 

.»58 

.5774 

.6090 

.6738 

.7670 

.8151 

57* 15» 
60* 02* 
62* 41' 
67* 57« 
74* 58« 
78* 22« 

.8410 
•8663 
•8885 
.9269 
.9658 
.9795 

.7869 

.7952 

.8244 

.8231 

.8088 

.8036 

e) Personnel Guide Surface Canopy (N ■ 24, Æ ■ 30*, 1c • 13*857 ft, 

18 - 30 ft, IqAs ■ .42687) (see Section 2.4). 

T* - 9.506 ft 

For 0 6 0 ■ 45* ■ constart ■ sin i0l * (9.506) (.13053; (1.117) ■ 1.3794 
ft 

For 45* ■ 0 ■ 90* the procedure of the flat type is followed. 
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Table 4.1.6 - Values of r* ts 0 (45* * 0 * 90*) for a Personnel Guide 

Surface Canopy 

(D ® © © © © © 

0 b (Ft) x(n) X sin Of tan o/2 a sin a n(R) 
Measured fron 
Figure 3.4.3 

See Table 
3.4.1 .13053 (1) ®/© ©/© 

45* 
50 
60 
70 
00 
90* 

.4278 

.4754 

.6338 

.7606 

.8715 

.9349 

7.994 
8.320 
8.846 
9.215 
9.434 
9.506 

1.0435 
1.0860 
1.1547 
1.2020 
1.2314 
1.2408 

•4100 

.4378 

.5489 

.6324 

.7077 

.7535 

U* 34' 
47 18 
57 32 
44 37 
70 34 
74* 00' 

.7022 

.7349 

.8437 
.9035 
.9430 
.9613 

1.4860 
1.4778 
1.3686 

1.3313 
1.3058 
1.2908 

The arc 

ion 

length of Taylor’s curve from 0 - 45° to 

which is equivalent to 

0 > 45* is given by the exprèss- 

The arc length of the cords for the flat, extended skirt, ring slot and personnel 

guide surface canopies from the apex to 0 ■ 45* is (.8324 xjn) (1.1117) or «9254 3¾ 

(see first terra of right hand member of Equation (1.5.7)). 

Therefore the length s of the cord curves for the above four canopies is 
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8 ■ % 

SOS"1 ( n/TtOTÍ) 

dt 1 

50s"1 ( V 8in 0) 

dt 

-9254^ /71 - è^r ‘ /1 / V1 - * ^4 
(4.1.6) 

r1 n/Ttoti 
But 

cos v*rvix 

T dt . # 

V* J ^i-i^t 

4X55 (elliptic integral of firrt kind); then 

Equation (¿t«l*6) beooniesi 

s ■ % 

5—1 V sin 0 

dt 

1.3A09 - ^ sin t 
(4.1.7) 

Table 4.1.7 gives the values of s for the above four canopy types for several 

values of 0* 

Figure 4.1.2 shows the variation of cloth stresses vs s for five canopy types. 

For the conical canopy, curves are plotted for both approximations. 

Figure 4.1.2 shows that cloth stresses are very nearly constant for all except the 

conical canopy and the extended skirt canopy. The cusp indicated by the second 

approximation seems improbable, arri results from the assumed variation of cord 

tension (see Section 1.8 and Figure 1.12.1). The first approximation probably 

give, a better indication of the actual variation of both cord tension and cloth 

stress. The sudden change of stress in the extended skirt canopy is at 0 - 45*, 

and suggests that this is not a good choice of transition point (Section 1.4) for 

this canopy, or that (¾ should have been assumed to be less than n/2 for this can¬ 

opy in calculating the shape of the upper portion (Section 1.5). 
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Tablt 4* 1*7 - Values of s ti 0 for T-7, T-10, Hing Slot, and Personnel 

Ouide Surface Canopies 

(p ® © ® © © 
f •in 0 Vain 0 oos"^\/«in 0 oo**1 n/ iln j> 

( dt 
® A/r 1.3409 -© 

0\/l -J »in? t 

45* 
50 
éO 
70 
80 

90* 

.7071 .7640Í, 

.86603 

.93°i9 .98U1 
1.0000 

.
r

4
 

32.767* 
28.930* 
21.470* 
14.214* 
7.055* .000* 

.5876 

.5158 

.3792 

.2495 

.1233 
•0000 

.4155 
.3847 
.2681 
.1764 
.0872 
.0000 

•9254 
.9762 

1.0728 
1.1645 
1.2537 
1.3609 

• ■ ½ © (Pt) 

0 T-7 T-10 Ring Slot 
Personnel 

Guide Surface 

9.13 © 11.08 © 8.23 © 9.506 © 
45* 
50 
60 

70 
80 
90* 

8.449 
8.913 
9.795 

10.632 
11.446 
12.242 

10.253 
10.816 
11.887 
12.903 
13.891 
14.857 

7.616 
8.034 
8.829 
9.584 

10.318 
11.036 

8.797 
9.280 

10.198 
11.070 
11.918 
12.747 
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Figure 4.1.2 - Variation of Cloth Stresses with Distance from the Apex for 
Five Canopy Shapes 
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4*2 Effect of Cloth Stress in Straignt and Bias Gores 

In Figure 4*2«1 values of the ratij «y*8 givön by Haas* equation 

(Reference 1¾ pages 156 - 158) t 

tan a tan ß m G-J *2 (4.2.1) 

are given as functions of a for various values of /0 • (Here,/5and a are defined 

in Figure 4.2.1). Haas* equation is a relationship between the shear rotation 

of the warp and fill threads and the directions and magnitudes of the principal 

stresses. This relationship satisfies both statics and the assumption of pure 

tension in the threads. Of particular interest are the curves /3 /& m oo and 

/3 /a ■ 1, corresponding in a parachute canopy approximately to straight and bias 

gore construction, respectively. The first corresponds to a ■ 0, so that the warp 

threads are parallel to the minimum principal stress, and the fill threads 

are parallel to (f ^ (assuming a one-piece gore). Figure 4.2.1 shows that 

d" 2 ■ 0, so that the fill threads take all the stress. When a ■ /3 , on the 

other hand, <Tj/ <T 2 may have aqy value, depend?.ng on /3 , If the elongation of 

the cord lines and threads is neglected, there can be no shearing deformation, so 

a ■ ■ n/4, since 8, the original bias angle, is 45*. (Note: In practical 

canopies, 9 may be i0J in straight gores and n/U " Vn in bias gores for economy 

reasons.) 

For this case, it is seen from Figure 4.2.1 that, <f^/ " Ij i.e,, there 

are equal stresses in all directions, and 

(4.2.2) 

If (Í is the same for both the straight and bias gores, there is no differ¬ 

ence in the maximum stresses for the two types of construction. 
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If, however, son» deformation does take place, « and /3 remain equal but 

decrease, so that Oj/ »2 decreases, which means <f 2 increases if <* 1 

remains constant. If the state of stress were uniaxial, as in the straight gore 

case, it can be seen that tf j/ ^2 -*oo and a -¿-n/2) i.e., the warp and 

fill threads tend to become parallel. In this situation the bias construction 

would have twice the strength of straight construction, assuming soual strmngth. 

in warp and fill. Of course, this does not happen, and would be prevented bjr 

thread jamning in any case; btrt it suggests that the true state of stress and 

strain is between the two conditions described. If /3 could be determined by 

experimental means, the true values of ai, *2, tfw and rff could ^ 

found readily* 

As an example, suppose ß is 50' (apparently 9 -/3 is aaall). Then 

<SJ <SZ - (1.1918)2 - 1.422. From Haas' relations, it can be stown that 

df' .<fl cos A? /sin a • 2 sin/9/cos a (4.2.3) 

1 « <* 1 cos a/ sin /3 - 2 sin a /cos /3 
w 

where and <f ' are the fill and warp stresses after the threads have 
i w 

rotated. 

When a ■ ß t these reduce to . 

d ' m d - cot a - ^2 tan a (4.2.4) 
f w 1 ¿ 

Then with ß - 50° ■ a, 

df' - <fK’ - .839 «S’ i ^-2,55 

SO that the stress is decreased 16* if this amount of deformation Utes place. 

More important than this, however, are energy considerations. Parachute failures 

occur during opening, when the loading is unquestionably dynamic. Now, the energy 
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absorption capacity of a natorial it a Amotion not only of ito strength but of 

the loluns of the strossed notarial« Zn a bias-construction, assodng ths a', no 

cloth is used, approxiaatoly 7j \f~i ■ 1.41 tinos as aany threads are loaded in 

each gore as in the corresponding straight gore (disregarding conditions near ths 

skirt). Furthemore, ths Isigth of each thread, eren if the gore angle is anil 

enough to be disregarded, is about 41? longer than ths circunferential threads in 

a straight gore, ths total stressed solan at least twice as great as in 

the straight gore. Kxanination of a typical unit area leads to the sen conclu- 

sioxw Sven with no shearing defomtion, therefore, ths bias gore can absorb 

twice the energy which the straight gore can, since 

U ■ ^ • (soins) (4.2.6) 
n 

If actual bias gores are not ob serrad to be twice as strong as straight 

go!-*, this nay possibly be explained by (1) stress concentrations at seams (stress 

concentrations are particularly inportant under dynanic loading), (2) what Copian 

and Singer (Reference 14) hare called "yarn angulation", i.e., the angle, Cy, 

which a set of threads (e.g., warp) nust make with the plane of the cloth in order 

to pass over and under the transrerse set (e.g., fill). This latter diMppears 

when the transrerse set of threads is slack, but is always present in biaxially 

stressed cloth, and tends to increase the thread tension in proportion to sec Oy. 

Howerer, 0y would have to be about 30* to reduce U by 25$. This requires a 

thread spacing of roughly 1.5 thread diameters, which would be a tight weave for 

parachute cloth. 

Retundí« to consideration of the first item, the question which needs to be 

answered is whether stitched seaas along the bias are relatively weaker in som 
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way than seams parallel to one set of threads. This question remains to be In- 

vestigated. 

No tests to investigate the influence of the biaxial stress ratio on the 

strength of parachute cloth seem to have been made. LaVier (Reference 21) carried 

his tests to failure, but the results have not been organized and it is not even 

clear whether failure occurred in the warp or in the fill. Biaxial tests on 

rubberized airship fabrics indicate that static strength is independent of the 

biaxial stress ratio (Reference 15); however, the presence of the rubber raises 

doubts about the applicability of these results to parachute cloth. 

i 
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*0 

Straight Construction 

*1s <r2a a <r/ 
Bias Construction 

<T - 1.422 flf' « .83 9 4, 

Bias Construction 

Figure 4,2,2 - Stress-Strain Conditions at Centerline of Gore 
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4t3 Experlaental Detemination of Stress-Strain Relations in Cloth airi 

While the present investigation is an analytical study, all physical theory 

ultimately ödet be based on experimental observations from which are fornulated, 

more or less approximately, physical "laws". In stress analysis, one such funda¬ 

mental and indispensable law is the relation between stress and strain, of which 

Hooke*s law is the most important example. But until specific elastic constants 

are known, Hooke's law is merely a qualitative relationship. In this section, a 

few exploratory experiments are discussed. 

Preliminary experiments on two specimens of a rip-stop nylon parachute cloth, 

in which the cloth was subjected to biaxial stress on the small tester shown in 

Figures 4*3*1 end 4.3«2, yielded the families of curves called normal character 

istics by Haas (Reference 13), shown in Figures 4.3.4 ani 4.3.5. Strains were 

measured with the U-shaped gage of Figure 4.3.3. The tests were carried only to 

about 50* of the quick-break strip-tensile strength of the doth, but in this 

range, it is ft und that, in general, the test results fall within a narrow band 

which seems to be no wider than the scatter band of the test poiits for any one 

stress ratio. An exception to this may be indicated for the warp direction in 

Figure 4.3.4 where there seem to be two main brahches: one for the three highest 

fill stress values and one for the three lowest. If data at higher warp stresses 

were available, however, it is quite possible that this feature of the curves 

would turn out to be merely an accident of scatter, since the corresponding curve 

of Figure 4.3.5 does not exhibit this duality. It is noticeable, however, that 

there is more difference in the warp curves than in the fill curves for both 

specimens. 

WADC TR 55-294 225 



These curvee are, in one important respect, unlike other normal character¬ 

istics for fabric which have so far been published. Figure 4.3,6 shows the nor¬ 

mal characteristics for an airship envelope fabric, which is similar to existing 

published data for airship fabrics and doped airplane fabrics. An elastic iso¬ 

tropic material would give a family of curves similar to Figure 4.3.6 but straight 

parallel, and equally spaced for equal increments of the "fillM stress. The spac¬ 

ing would be proportional to the Poisson's ratio of the material. If, then, the 

spacing between curves is small as in Figures 4.3.4 and 4.3.5 the effective Pois¬ 

son's ratio for the cloth in question is snail, and in fact can perhaps be taken 

as zero for practical purposes (except porhape for uniaxial states of stress). 

This is a very significant thing from the point of view of the stress analyst, 

and will need some verification. 

There are four possible theoretical reasons why the results differ in this 

respect from airship and airplane fabrics. First, the airship fabric has a bias 

ply —one at 45' with the other plies (though there may be some question as to 

its effectiveness in biaxial test using cruciform specimens such as were used 

here); secondly, it has a coating of neoprene (or dope in the case of airplane 

fabric); thirdly, the parachute cloth is a relatively loose and open weave; 

fourthly, the parachute cloth is nylon rather than ootton or linen. Since linen 

airplane fabric having no bias ply gives curves similar to Figure 4,3,6 (Refers 

ence 16), neither the first nor the fourth factor appear to be the significant 

ones. To investigate the third factor, a strong, tightly woven nylon-tovntarget 

fabric was tested, with, however, inconclusive results (Figure 4,3.4 and 4.3.5), 

inasmuch as the capacity of the tester was only great enough that the specimen 

could be stressed to about one-tenth of its ultimate strength. The scatter at low 

me TR 55-294 226 



stresses is believed to be greater that at hii'h stresses. 

On the other hand, the peculiar results may be a result of experimental in- 

accuracy. Parachute cloths are much lighter than airship fabrics, and methods 

of strain measurement which are satisfactory for the latter nay be completely un¬ 

satisfactory for the fonner. Most strain gages, including that of Figure 4.3,3 

(which incidentally is similar in principle to that described by LaVier in Refer¬ 

ence 21), remove seme load from the tested material in order to produce a small 

elastic deformation which is measured either electrically, as in the present case, 

or by some mechanical means. If, in a pin-type gage, the force which deflects 

the gage is appreciable compared with the total carried by a strip of material of 

a certain width (difficult to estimate) between the points of the gage, the gage 

affects the deformation of the material in the vicinity of the gage. The gage 

reading then does not indicate the state of strain in the undisturbed material. 

To investigate the accuracy of the pin-type gage, strains in uniaxially- 

loaded, four^inch wide strips were measured by three methodsi (l) the pin-type 

gage} (2) calipers; and (3) a roller-type elongation indicator (Figures 4.3.9 and 

4.3.10), A six-inch gage length was used with methods (2) and (3). The results 

are shown in Figures 4.3.11 through 4.3.13 and revealed that the pin-type gage used 

is unsuitable for parachute cloth, although comparatively accurate for airship 

fabrics. While longer legs and thinner metal in the U (.010 in. was used in this 

instance) would improve accuracy, no such gage should be used without checkirç its 

accuracy with the lightest material to be tested. 

The curves of Figures 4.3.4 and 4.3.5, in the light of these facts, cannot 

be accepted at their face value, and the question of biaxial stress-strain re¬ 

lations in parachute cloth must await development of better experimental techniques. 

WADC TR 55-294 227 



I - ^ . - .T^ ■ i ... .,„„..,.„.1.,^.. . 

In this connection, it perhaps needs to be pointed out that when strains are 

applied at the jaws of the testing machine in an arbitrarily fixed ratio, as 

done by LaVier (Reference ?l) and by Woo and Montgomeiy (Reference 22), the re¬ 

lations which are obtained apply only for a single stress ratio which is not 

controlled and probably is not even constant during the test, so that the re¬ 

sults have little value for analytical purposes. In Reference 21, strain gages 

are used so that even the strain ratio presumably is neither controlled nor 

constant. What is needed is data which can be plotted to obtain diagrams like 

those given by Haas (Reference 13) or alternatively, those suggested by Everling 

(Reference 23). 
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4«4 Effect of Cloth Stresses on Porosity 

Stre.se» in a cloth eau», a conbination of thread extension and thmd shear 

both of which change the si», of the interstitial openings and thus ctange the 

geometry and porosity of the cloth. The changes due to thwad sxt.nslon am 

shear are calculated separately in the following. 

¿hartes in Interstitial 0, »lings Qua to Thread Extenalon 

I*t ki - Open area before stressing 

Aj " Open area after stressing 

a * Thread spacing (both warp & fill) 

t ■ Thread Diameter 

c a - t 

•f - Strain in length "a»' of fill threads 

^w " strain in lengón "a” of warp threads 

Then 

i. . „2 

il 
Af !' 

:’-R 

T 
a 

1' 
-LJ 

\*- <*■-l-l J-- 
Figure 4.4.1 

Thread Extension 

A2 • (c ♦ \) (c ♦ Af) . c2 + c (aw ♦ Af) ♦ 4f 

Percentage of areal increase - -2 ~ Al 

A1 
100 

■N 

ff ♦ Aw *f 
O2 

(4.4.2) 

100 (4.4.3) 

Itamericel value, to us. in Equation. (4.4.1) am (4.4.3) are obtained fmm 

Reference 17. The values are for sample 2E, a mock lern weave. This sample 

weighed 1.92 oz/yd2, it had 104 warp threads am 112 fill threads per inch (106 

is used herein), the breaking strength was 53 Ib/in. in the warp direction am 

67 Ib/in. in the fill direction. When loaded to 20 Ib/in. in the warp direction 

the warp strain was 13.« am when loaded to 20 Ib/in. in the fill direction the 

fill strain was 8,7%, 

WADC TR 55-294 242 



For sample 2Ei Assume the threads are square in cross-section. On the * 

baais of one square yard of cloth: 

Volume of void free eloth - t2 (36) (108) (36) (2) . 280,000 t? eu. in. 

let the specific gravity of void free cloth materia - 1.5, then the denei- 
¿2 i 9 

ty " ^1728^ (1,5) * 0*0541 Ib/in . Since one square yard weighs 1,9? oa.i 

280,000 t2 (.0541) ■ 1.92/16 

or t - 0.00281 in. 

a - 1/108 - .00925 in. 

c - a - t - ,00684 in. 

Let 4W • 130a, 4f - .0870; this assumes that each deformation takes 

place independently of the other. Then from Equation (4.4.3) the percentage of 

areal increase is 

Let 

P2 

Pi 

Then 

P2 

£•217 (a/c) ♦ (.13) (.087) (a/c)2 J 100 - 33.55( 

percentage of open area before stressing 

percentage of open area after stressirçj 

(c/a)2 100 - 48.5* 

C2 ♦ C(AW ♦ ) ♦ Aw 

(a ♦ Aw) (a + Af) 
(100) - 52.7* 

If during a porosity test, stresses and strains of the order of magnitude 

of those assumed here were realized, there would be a noticeable increase in the 

porosity as is evidenced by the 33.5* areal increase. However, if the above 

were permanent, and if a subsequent porosity test were made, the increase in por¬ 

osity would be small as is evidenced by the change in open area from 48.5* to 

52.7*. 
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In parachutes, stresses as large as 20 lb/iru nay occur during the opening 

phase, but during the steady state they nay be less than 1 Ib/in. For exanple, 

fron Section 4.3 the maximum fabric stress in a conical canopy with N » 24 

ß ■ 30*, 18 - 22.83 ft, le/lg - .5339, and 3¾ - 7.57 ft is ^ - 8.9p 

where p is the differential pressure. 

If the suspended weight is 200 lb, then p - 200/x (7.57)2 - i.n lb/ft2 and 

*1 "(Ö.9) (1.11/12)■ 0,825 lb/in* If equal strains are assumed in warp and fill 

directions and if it is asaimed that stress and strain are proportional, then in 

the cloth above 

\ m At ■ [(«»O ♦ 8.7)/2] (1/100) (.825/20) (a) - .00448 a 

Using Equation (4.4.3), the 

percentage of areal increase 

Thus in an inflated canopy in the steady state thread extension causes a negligible 

change in the porosity of the cloth* 

Change in Interstitial Openings Due to Thread Shear 

Add to the notation for thread extension Yytf ■ angle of shear and 

■ f/a (see Figure 4.4.2) 

Ai ■ (a * t)2 

A2 ■ (a cos Yyjf - t) (a - t) 

Ai " Ao 
percentage of areal decrease ■ —;;-= 100 

a2 

As an example let ^ - .00281/.00925 • .3O4, and 

■ 30* 

Figure 4.4.2 

Thread Shear 
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Stresa-ftrain conditions which result in 

y* ■ 30£ ë.r* shown in Figure 4.4.3) ¿i 

and cf 2 are the naxlaua and ainiaua stresses 

Thsn percentage of areal decrease ■ 19.31 

■ 48.55É as before 

100 ■ 45.3Í 

Figure 4.4.3 - Thread Shear with 

<r1hri . 3 
respectively. Originally ^ and 0*2 were at 45* with the warp and fill threads. 

If <T i ■ 3 and if the strain conditions are such that points in the threads 

nove parallel to principal stress directions, then ■ 30* as shown. The 

equations for these conditions aret 

cos a/cos # ■ cot 0 (Reference 13) 

tan a tan ft ■ ¿-J ci g (Reference 13) 

where a and /3 are angles between the warp and fill threads and after thread 

shear while 0 is their value before thread shear; in the exuple 0 ■ 45*, a ^ 

■ 60*, " * + & m W " 30*. 

As can be seen from the exanple of thread shear, the absolute magnitudes of 

the stresses do not affect the deformations, only the ratio of the principal 

stresses and their directions affect the shear deformations. It is likely then 

that thread shear would decrease the porosity of a doth. Even though thread ex¬ 

tension accompanies thread shear it is unlikely that increased open area due to 

thread extension would be large enough to nullify the decreased open area caused 

by thread shear in a canopy in the steady state. Since charges in porosity are 

mostly due to thread shear it is reasonable to expect larger changes in canopies 

with biased gores than with straight gores because thread shear is more predomi- 

lant in the former. 
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Examination of Some Porosity Data 

In Reference 11 a number of impact tests were made on parachutes on a whirling 

tower* Accompanying these tests were porosity tests on the canopy fabric and 

strength-deformation tests of the canopy lines* The whirling tower tests were 

made at 100 and 200 miles per hour with porosity tests of each panel of the can¬ 

opy before and after each tower test* Porosity test data for one canopy are 

shown in Table 4>4*1 while the panel locations are shown in Figure 4*4*4* Ex¬ 

amination of the data shows that no lasting changes in porosity are caused by 

the stresses attained in the whirling tests* In fact the variation in readings 

from test to test on an individual panel are much greater than the variation in 

the average values for a complete canopy* Furthermore the changes are erratic, 

some panels showing increases in porosity while others show decreases* 

It had been hoped to obtain from examination of such data an indication of 

stress magnitudes and distributions, but clearly this is not possible* 
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Tabl« 4.4*1 - Porosity Mêssuromonts on t Canopy of 1.1 os. Hylon Rip-Stop 

Spte. MIL-C-7020 Typ« I. (Reference 26) 
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Figure 4«4*A - location of Panels for Canopy 
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of Strasses Oomirrlng During Porosity Ti<t« 

OXoth poroaltj tests are nade with the eloth cleaped between holders with circu¬ 

lar openings« Refereues IS, 19 and 20 gire sons results of noMrous porosity 

tests of parachute cloths« A rather slaple theory of eloth stresses occurring 

during a porosity test is shown below« The assuaptions aret(l) the acabrane 

theory applies, (2) the deflections are snail, (3) the aaterial is isotropie, (4) 

the cloth is taut but not stressed just before the pressure is applied and (5) 

the cloth assuaes a spherical shape after the pressure is applied« 

In Figure 4»4«5 let T ■ tensile stress, Ib/in« 

p ■ differential pressure, Ib/in.2 

S ■ tensile nodulus of elasticity, Ib/in« 

R ■ radius of circular opening in holders, in« 

i ■ 2R, in« 

o i ■ tensile strain in length , in« 

r ■ radius of spherical shape, in« 

Proa statics 

T sin 0 (2sR) ■ psR2 

or T* rán"5 
Changs in length of a disaster 

(4*4*4) 

(4*4.5) 

r \ i/^ 

/ 
/ 

, / 
vl/ 

Figure 4.4.5 

Spherical Cloth Shape 

If Poisson's ratio ■ 0 (see Section 4*2), 

¿i • Tl/E (Hooke's Law) (4*4*6) 

then T ■ (R/i) ■ (R/R) (rf - R) (4.4.7) 

tm ¿¿int' " W _ R) 

or (i* - R) sin * ■ pR/21 

sines r ■ R/sin 6 

(4.4.0) 
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e - sin e ■ pR/2E (4.4.9) 

If the first two terms of the sine series are used in Equation (4.4.9) the 

error in sin 0 is less than 05/5J Therefore in Equation (4.4.9) let sin 0 - 

Then Equation ^.4.9) becomes 

^/6 ■ pR/2E 

or 3/ 

6 ■ V 3pVe (4.4.10) 

Equation (4.4.10) can be solved for 0 and the result used in Equation (4.4.7) to 

find T (in Equation (4.4.7) let r * R/sin 0) then 

T - E (0/sin 0 ■ 1) (4.4.11) 

In Beferences 18, 19 and 20, R ■ 3 in. and pressures up to 50 in. water are used. 

From Figure 4.3.5, 

Rip 

Stop 

Nylon 

Cloth 

^E ■ (10) (100)/6,7 ■ 149 lb/in., for 10 Ib/in. in fill direction, 

variable load in warp direction 

E ■ (10) (100)/8,25 ■ 121 lb/in,, for 10 lb/in, in warp direction, 

variable load in fill direction. 

Use B - J (149 ♦ 121) - 135 lb/in. 

The solution of Equation (4.4.10) and (4.4.11) are given in Table 4.4.2. 
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TAble 4*4»2 - Cloth Stress During Porosltj Test 

p 0 

aln 9 9/sln 9 

T 

^1/1-T/R 
In. Water U>An.2 Radians Degrees • An. 

1 

20 

50 

.036 

.720 

1,000 

.13309 

.36343 

.49324 

r *0.3' 

20^ 49.*' 

28* 15.? 

.13350 

.35549 

.47350 

1.00292 

1.02234 

1.04169 

.39* 

3.016 

5.678 

.00292 

•02234 

•04169 

By co'npannç the stresse^ in the above table v.'itb the strerses i*i a canopy 

in the steady statej it. car be soen that the stresses that occur during a porosit.y 

test are much greater; consequently, changes in porosity caused b/ stresses in a 

canopy in the steady state of descent are negligible. Since stresses in the open¬ 

ing phase of a descending parachute could be 10 - 100 times those in the steady 

state, changes in porosity could occur. No data is available concerning the per¬ 

manence of the large stresses and strains that occur during the opening phase. 

If such strains jasted as much as, say, 15 minutes, they would affect the porosity 

during the steady phase. One of the mechanical properties of cloth fibers is that 

the recovery of large strains is tijne dependent, A portion of the strain caused 

by largt stresses is instantaneously recoverable. Of the remainder some is perman¬ 

ent and some is recovered after a period of time. If the latter deformation per¬ 

sisted during the steady phase, the porosity would be affected. 
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í - CONCUJSIONS, REOOHMENDATIQNS « REFERENCES 

d-Suanary and Conclusion« 

»tw. of predicting the *11, inflated .tape. „ fl„ ^ 
.«t t^e. of «nopicc taw bMn d^opM. Ih. ^ th< ^ 

indicated ^ conparicon, eith photo^pMcaU, drt^ <tap.,. Th, 

«ith «hich »» representative di^Äon. are predicted is .„on» ia Ttbi, 5.la. 

T.bl. 5.1.1 - Deviations of Th^retical Inflate 0„op, DWon, ftp. 

Their Photographically Detemlned Talues 

Canopy Type 

Flat (T-7) 

Extended Skirt (T-10) 

Conical 

Personnel Guide 
Surface (C-ll) 

Conical Ring Slot 

'aylor vs Photo T-7 

*8k 

♦1.6jC 

♦2.0JÍ 

-Ô.3JÍ 

*0.3% 

*3.2% 

*k.2% 

*sk 

"0.6% 

*9.0% 

*3.1% 

♦2.6* 

-Ô.9* 

-8.8* 

6 

♦1.7* 

♦2.3* 

-8.4* 

♦0.7* 

♦5.7* 

♦4.4* 

XgB 

♦4.2* 

♦5.0* 

-7.5* 

♦6.4* 

♦5.5* 

Reference 
Figure 

2.1.5 

2.2.5 

2.3.3 

2*4.4 

2.5.2 

2.1.5 

The th*,* for the flat canop, is «perior in accurac, to th. eleiaentai, 

17 °f ^ ^ JOh“ P^ct, a Ivb)r „re. f#r the 

«rd shape. The Taplor cun. r^„. . „n useful .„potion, ncverth.!...^ 

in view of the relative complexity of th« +w 
Plenty of th. nee theory. In fact, it foras the 

basis upon which the new theory was built. 

The new theory is Wlicable, with aodiflcattons, to eoae other types of 
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«nopl.., tat not t. conical oanopl.., for *ich „ .ntin ^ ttaol7 „s ^ 

«lop«.. Th. n« thoor* for the conlc.l «no,7 check, with photograph. !... 

wan than dooa th. th.orjr for th. flat campy howmr. 

T»bl. 5.1.2 .how. a ««pari*,» of th. fir, typ«. 0f campi., hawing co- 

■c le. 1, «nd N ««king th«. according to th.lr thmmtieal load-carrying 

opacity assuning it to b. proportional to th. «j»m of th. calculafd mA- 

*m inflate radiu. (HR) at ,v giw,„ pre.^r.. 

labí. 5.1.2 - Comparison of Load-Carrying Capacity 

of five Theoretical Canopy Shape« 

Section 1,] 1 - » • 2A, 1./¾ - 0.Í 

1 

2, 3 

4 

5 

Personnel Oxide Surface 

Flat, Conical Ring Slot 

Extended Skirt 

Conical 

A. .hown in Fignm l.U.l th. p.mom.1 guid. .nrfac, c^py ha. th. 

Urg.rt HR «c^t for th. conical ring .lot campy. Th. chap, of th. conical 

ring rtot campy, howmr, i. drt.minM in S.cUon 1.9 by a..winj that it 

c»ri.. th. .»» suspend «i load a. a flat canopy nth th. .am. 1^ ,m ». 

H.m. th. p.raorm.l gnid. mrfac. campy ha. th. potential to cany th. gr.it- 

•rt miapand«! load Inc. it has th. largert HR of th. mlid emopd... Thl. 

incr»M«i radin, is dn, to th. outward Matthe pookrt. of th. p.rmm.1 

guide surface canopy, 
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Ttbl« 5.1.3 shows a comparison of ths drag characteristics (Cd0) 0f 

similar types of canopies having connon cloth area as taken from model tests re¬ 

ported in Reference 24. The flat canopy has the highest drag coefficient (¾ ) 

of the solid type canopies. For these five canopies the ratio Iç/l’ varied be¬ 

tween 0.47 and 0,54, 

Table 5*1.3 - Comparison of Drag Characteristics of Five 

Canopy Shapes 

Reference 24 - Cloth Area ■ 16,000 Sq. In. 

1 

2 

3 

4 

5 

Flat 

Conical 

Extended Skirt 

Personnel Guide Surface 

Plat Ring Slot 

The theoretical ooaparieon does not take into account euch Um, as oscil¬ 

lation, breathing, gliding am cloth porosity lèich ha« an important effect on 

the drag characteristics of the unstable* solid type canopies. Ill the theoretl- 

CÜ Shapes ha« differ.,* cloth or «11 am. by sirtu, of aamalng a const«* 

10» For these reawns a meaningful comparison between Tables 5.1.2 and 5,1.3 

cannot be made. 

The tensile stresses in the cords are almost constant from apex to risers 

except in the conical canopy in which the cord stress is zero at the apex. The 
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cort tendon in the «nora- to . «d«. et th. «d of the 

^ portion, Utodd* « ls «notent. Cloth et„.„. nr, »r. or 1.* 

in ti» eew nennor to the cord tendo». 

In . etrdght-cnt jorc, the cloth at».». CUTlad 

by the drcunferenttel threde whU. the ««ridodontl- thr.de (ectoell, 

only the thmd. perdí,! to dd et the «nt.rU» er. „rldond) 

practically » load. In. Uae-est gore the warp end fill throede cerry U- 

»»t equal etrea.ee. Ma. go»., therefore, can absorb alnort twice a. «ch 

.»W « etrdght-eut go»., which helps to «plein why canopl.c with da. 

gores are stronger than those with straight gores. 

It, in a flat the cord length i. hald conatant ad the auapendon 

line length Tarled, both the eexin« inflated radlue of cord % and the »di¬ 

ed diatance fro. the .pax it, th. «d» inflatd rediue a, incm« ., the 

euapmsion lo^th 1. Incm-d Aid tb. rectangular coordi»to x* of th. cod 

et the dirt incmec. tat «* doc».», with Increasing «penden 11» i^h. 

Por Infinite length of «»pendón lince th. HU and x,k are coïncidant. * dd- 

3ar phono»non occur, whan th. con. arçl. of . »ded «nopy 1. d.cm«d. A. 

the «dear of gore. i. l«cree»d,th. ehape approach« th. Taylor cum accord- 

ing tc the law xjnj . y /(p ♦ D (N , 2)i 

Calculaticna of doth rtwaaea in « Inflatd canopy ,d thoa. occurring 

during a Porosity toct indicaste that tta penalty i. nagUglbly aff.ctad by th. 

cloth occurring during the st.dy daeccnt of a p.»ch»t.. This cay 

be true during the opening phase. 

The taro,», that occur In th. fabric, sent rclnforcencnts, ««., am i„ 

th. cords during steady state descent arc relatisaly «all. Probably only stres- 

». occurring during th. opening ph... ars of efficient cagnltud. to cauco fdl«„ 
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S.S Bann—twt«»4 oiß. 

An ãttopt itottU D* Md* to dntanlm taparia.nt»lljr th. Ihtp« of tht 

«rd. ortr to. pgattUy tW» wuU Aw up It hltok cord Unu «ar* 

«•«1. If not, to. »arditota. of . oord to*« 6. dtoamtoto In . aind tom.1 

a point« Which could b. aond in to. plana of toa cord cur«. 

I»pari»Mital drtcmimtlon of th. patt.rn of thraada i„ „ lnntW gor, 

Aould b, aada by «king gora. with altarnat. .trip« .f color« tomd. in 

both warp and fill. Th.« data and tho.c on cord Una .hap. oould b. u«d with 

tb. intrinolc action of aquiUbriu. for hc.n 00«. to dtoa^in. cort t«.!.™ 

and cloth stresses, as suggested in Section 2,7. 

Photograph, of oanopi« ftp. dir.ctly ah.« or below would b. tolpful in 

dcttrninlng th. oorract Talu, of a*, that i., of th. ««*»1 „gl, of th. dr- 

cular intaraaetion of on. go« by th. horizontal plan. »..Lng thr0(lgh (m. 

Section 1,5), 

Furthar i«a.tig.tion of th, affect of oon. a^l, would ha daalrahl. in 

of the bPParant inconriatan« of th. toap.. of coni«!, „nica ring .lot, 

and conleal ribbon parachute canopies di.cu.Md in Section 1.7. 

Tb. «„It, of Section 3.3 suggest a further inwrtigation of th. affact of 

«iding .xtra Min... at the «ri in drag parachute., prided the., „„it. m 

„rifled by a Mto-^erinariU andy.1, of doth rt„s, and cord tendon a. „g. 

gested above. 

Biaxial strength and stre.e-etrain data of a kind which can be u«d tor 

analytical purpore, a„ lacking. Infomatlon like that obtain« by Hu. (Hafor- 

an« 13) for rertdn ¿„hip fabric., but ext,«« to th. ultinata rtrsngth, 

should be sought. 
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Measurements to deteraine pressure distributions over the various can¬ 

opies should be made both to verify the British work and to inrestigate the 

importance of canopy shape as a factor. 

Because it appears that the opening phase is most important from the 

structural point of view, it is recommended that an analysis of canopy stresses 

occurring in this phase be undertaken as soon as possible. 
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