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PREFACE

The design, fabrication, and test program covered by this report was con-
ducted by the Ryan Aeronautical Company under provisions of Contract

DA 44-177-TC-827, awarded to the Ryan Aeronautical Company by the U, 8.
Army Transportation Research Command.

Design, analysis, and fabrication were accomplished at the contractor's plant,
San Diego, California.

All testing was conducted at the Yuma Test Station, Yuma, Arizona, between
July 25 and November 21, 1962. The Airborne Test Activity at Yuma Test
Station provided aircraft support, range and thcodolite facilitics, and hangar
work space.

This Report, entitked "FLEXIBLE WING INDIVIDUAL DROP GLIDER, MODEL
149 FINAL REPORT, " was authored and prepared by B. E. Kurz, Project
Engineer, and approved by M. M. McDaniel, Program Manager.

The Technical Editor was W. E. Small and the Art Editor was J. Iribe of the
Graphic Arts department.
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SYMBOLS

A area, ft2
b flatplan wing span
CD drag coefficient, D
qS
CL lift coefficient, L _
qgs
1
C rolling moment coefficient, Lr
I qSb
F.P.
Cm pitching moment coefficient, =M
qSC
C yawing moment coefficient, N
n
qsb
c.g. center of gravity
c.p. center of pressure
C section chord, ft
c keel length, ft
c distance to outer fiber, ft
D drag force parallel to flight path CD qS, 1b
D diameter, ft
F force, 1b
Ftu ultimate tensile stress, lb/in2
fb bending stress, lb/in2
ft tension stress, lb/in2

h altitude, feet
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SYMBOLS

moment of inertia, inches 4
opening shock factor

rolling moment

length of member or line, ft
distance, ft

mass, slugs

bending moment

pitching moment, CmqSC

hoop load per foot of width, lb/ftZ.
normal force, lb

required strength per unit length, lb/in

yawing moment

load factor

load, 1lb

wing load i 1b/ft 2
S

pressure, lb/ft2

dynamic pressure, p V2, lb/ft2
2

gas constant, ft - 1b/lb - °R
radius of wing membrane, ft
radius ¢’ inflatable tubes, ft
flatplan wing area or reference area, ft2
time

thickness, inches
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SYMBOLS

free stream velocity, ft/sec or knots
volume, ft3

weight, 1b

longitudinal distance, ft

lateral distance, ft

distributed load, 1b/ft

angle of attack, degrees

flight path angle from horizon, degrees

angle between the wing resultant force and a normal
to the plane of the leading edge members

wing pitch attitude, degrees
leading edge sweep angle degrees
mass density of air, slugs/ft3

longitudinal membrane stress
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Figure 2 Individual Drop Glider in Controlled Flight




SUMMARY

The objective of this program was to establish the feasibility of the paraglider
concept as a means of descent for individual airborne troops. Full-scale 22-
foot inflatable wings and instrumented dummies were designed, fabricated, and
flight tested to demonstrate this feasibility.

Specific areas of investigation included packing methods, deployment, transition
from the parachute mode into the wing, controllability, glider performance, and
the human tolerance aspect in relation to opening shock, landing loads, and
velocities.

Considerable testing was directed toward determining the best packing method
and deployment technique in an effort to achieve system reliability.

The feasibility of using the paraglider as a means of controlled delivery of air-
borne paratroopers was successfully demonstrated.

Items of importance were the verification of offset launch capability, predeter-
mined landing site selection, and controlled maneuverability during descent,
all of which can be achieved within the human tolerance envelope.




CONCLUSIONS

As a result of the flight tests conducted on the Ryan application of the Rogallo
wing principle to the concept of an individual man drop paraglider, the following
conclusions are drawn.

AERODYNAMICS AND PERFORMANCE

1. The theoretical wing size selection in relation to glide slope and
velocities was verified by data accumulated throughout the flight
test portion of the program,

2. Landing velocities, both horizontal and vertical, were as predicted
and comparable to the human tolerance envelope.

3. System control, utilizing c.g. shift, was demonstrated during the
flight test portion of the program.

STRUCTURAL CRITERIA AND LOADS

The theoretical loads analysis conducted during the design phase of the Indivi-
dual Drop Glider Program predicted loads which appeared to be reasonable
when compared to similar personnel parachute systems., The analysis was
based on the method of analysis presented in the U. S. A, F. Parachute Handbook
(WADC-TR-55-265). The one area of discrepancy was the predicted loads for
opening shock force. The results of the analysis showed the opening shock force
load factor to be 8.55g. This load factor was substantiated by the recorded data
of the instrumented flight test system. Accelerometer readings gave an average
reading of 5.75g, and the strain gage data yielded an average rcading of 7. 1g.
However, a closer examination of the comparison of the data reveals that the
theoretical analysis is based on a drop velocity of 130 knots, whereas the flight
test data are based on a velocity of 65 knots. The velocity ratio of 2:1 results
in a 4:1 ratio of dynamic pressure. Although the theoretical load is not exactly
linear with respect to the dynamic pressure, it is indicative of the difference

in order of magnitude. Therefore, the corresponding theoretical load for the
flight test conditions would be approximately 2.1g. This illustrates clearly that
the analysis yields loads which are only one ~-third of flight testdata. Therefore, a




more accurate method of loads analysis for opening shock force must be derived
for use in the design of inflatable wings.

DESIGN

1. The initial wing design with modifications and the final material
selection provided an adequate system for concept feasibility
evaluation.

2. Inflatable structure should not be utilized for load distribution
purposes during snatch and opening shock phases of the deployment
cycle.

3. The parachute phase is the most critical for system loading; the
transition phase is the most critical for over-all system reliability.

4. Load distribution through gusset to membrane attachments provides
a more uniform stress distribution into the basic fibers of the

material,

5. Simultaneous release of the forward and aft shroud lines from the
parachute mode into the glider mode is required.

STRUCTURES

The stress analysis conducted on the Individual Drop Glider System was based

on the theoretical loads calculated during the design phase. The maximum load
criteria was based on a load factor of 8.55g. This design factor is greater than
the actual factor as recorded in flight tests. Therefore, the design should have
been adequate for the flight test conditions. However, it became apparent during
the initial flight test stages that the wing structure was inadequate. Structural
failures at various locations on the wing during deployment seemed to indicate
that the stress analysis was not correct. However, laboratory tests of the de-
sign prior to and after initial flight tests bore out the integrity of the structure
for static applications of the predicted loads. A closer examination of the pro-
blem pointed to dynamic impact loads and their distributions as being the logical
reason for the failures. Structural modifications to the problem areas increased
the reliability of the design to an acceptable level, However, this did not elimi-
nate the original problem. The modifications included, among other things,




increased strength and a change to better materials. These modifications gave
impetus to the theory that static strength was not the lone criteria for design.

It is firmly established that dynamic loads in elastic members reach fantastic
heights over extremely short periods of time. For the majority of metallic
structures, these dynamic loads do not present a problem. However, fabrics
offer very little resistance to failure from notch effect. Bonded joints which
are extremely efficient in shear prove to be very notch sensitive due to the dis-
continuity in elasticity (shear lag effcct) at the joints. The loads experienced by
the wing canopy during deployment do not necessarily reveal their true inten-
sities in the payload or riser lines. The loads experienced by the canopy could
very easily be absorbed or dissipated in the elongation of the canopy and/or
shroud lines. The prediction of this effect cannot accurately be accomplished
with data available at this time. Future stress analysis must definitely include
the effects of dynamic impact stresses.

FLIGHT TEST

1. The feasibility of using an inflatable [lexible wing as a controllable
paraglider for an individual man drop has been demonstrated.

2. The opening shock loads and accelerations during paraglider de-
ployment arc within human tolerances.

3. Equilibrium rates of descent of the paraglider are as predicted.

4. Control of the glider in most cases was marginal due to angle of
attack investigations during descent.  This cut down the amount of
riser length available for control inputs and cffective c.g. shift.

On the final {light of the program, differential control inputs yielded
excellent control and mancuverability. It is thereflore anticipated
that under actual man drop conditions, authoritative control could
be exercised by a paratrooper.

5. Landing impact loads werce within allowable human tolerances.

6. Landing velocities, vertical and horizontal, are compatible with the
allowable values for conventional personnel parachutes.




RECOMMENDATIONS

As a result of the satisfactory concept feasibility demonstration of the Individual
Man Drop Glider, it is recommended that the following be incorporated in the
next phase of the development of a flexible wing paraglider.

I Material Research and Testing
A, Evaluate new materials and adhesives (inflatable members)

1. Material optimization
a. Minimum base cloth weight
b. Minimum coating
c. Fabric flexibility
d. High strength
e. Tear and notch resistant
f. Abrasion resistant
g. Crease resistant
h. High energy absorption
i. Nonporous

j. Shelf life

2. Adhesive optimization
a. Unlimited shelf life
b. Single adhesive
c. Material/coating compatibility
d. High strength

e. Ease of application




B. Evaluate New Materials and Adhesives (membrane)

1. Nonporous

a, -h. Same as section I, A, 1.

2. Porous
a. Minimum cloth weight
b. High strength
c¢. Tear and notch resistant
d. Abrasion resistant
e. Crease resistant
f. High energy absorption
3. Adhesive optimization

a., -e, Same as section I. A, 2,
II Pneumatic System Investigation
Air bottle versus gas generator
Parametric study entailing

a. Inflatable volume

b. Minimum inflation time

c. System weight

d. Recharge capability

e. Shelf life

f. Reliability

g. Compatibility of gas with fabric and adhesive




III Prototype Design [(2) keel lengths (1) greater than 22!,

(1) less than 22' to evaluate scale effect]
Configuration evaluation

1. Inflatable (tubes)
a. Diameter
b. Wall thickness

c. Camber
(1) leading edge

(2) keel
d. Aerodynamic fairing

e. Method of attaching to membrane

2. Membrane
a, Scalloped trailing edge
b. Shaped
c. Nonporous

d. Porous

3. Line attachments (load distribution) (number and location)

a. Leading edge
b. Keel

4. Redundancy within the tube member (2) section.

IV Fabrication of Test Articles

V Instrumentation of Test Articles

VI Wind Tunnel - Tower - Aircraft Tests

A, Structure
1. Determine membrane stresses

2. Determine tube stresses




3.
4.
5.

Porous versus nonporous mz2mbrane opening shock loads
Parachute and wing shroud line loads

Optimize pack methods to alleviate opening shock loads

B. Deployment

1.
2.
3.
4

Static line/sleeve
Static line/deployment bag
Static line/sleeve/extreme forward c. g.

Sleeve/pilot chute

C. Transition

1.

2.

Extreme forward c. g. (ballistic path) investigation to eliminate

parachute completely.

Shroud line stowage

D. Aerodynamics (performance)

1.

Inflatable (tubes)
a. Diameter
b. Fairing
c. Camber
(1) Leading edge
(2) Keel
Membrane
a. Scalloped trailing edge
b. Shaped
c. Nonporous

d. Porous

10




E. Control

1'
2.

Center of gravity shift

Aileron

11




INTRODUCTION

With the recognition that the Rogallo Paraglider possessed the capability of
being utilized in many unique environments, a number of theoretical and ex-
perimental investigations have been conducted to determine the feasibility of
using this concept as a delivery system for various payloads under various
environmental conditions.

One such application is the use of the paraglider as a means of descent for
airborne troops. Such an application requires a wing with inflatable structural
members, enabling the wing to be folded and packed. Consequently, in addition
to satisfactory performance and flying characteristics, operational feasibility
is dependent on a reliable packing and deployment sequence.

The name Flexible Wing Individual Drop Glider (IDG) aptly describes the vehicle
required for that type of application and therefore is the name sclected to de-
scribe this program.

Prior to this program, a 10-foot scale model of an inflatable wing had been
built and tested by the Ryan Aeronautical Company. The results of those tests
showed that an inflatable wing does have favorable flying qualities and can be
packed and successfully deployed.

The present tests were undertaken to establish system feasibility, using a full-
scale wing and payload. Primary areas of interest during the test program
were packing and deployment, performance, and human factor aspects such as’
opening shock loads and landing velocities.

13




DISCUSSION

AERODYNAMICS AND PERFORMANCE

This section contains aerodynamic characteristics and performance data sup-
plemental to Ryan Report No, 62B013 (Reference 1). In addition to these data,
portions of the aerodynamic data from the above-mentioned report have been
included as a basis for comparison and to make this section usable without con-
tinuous reference to Report 62B013.

The performance data presented previously were based on having the payload
suspended 75 per cent of the keel length below the wing, and the glider proposed
in Reference 1 is designed with this vertical attach distance., It was felt, how-
ever, that a payload suspension distance greater than 75 per cent merited in-
vestigation; therefore, longitudinal characteristics of the glider with the payload
suspended one full keel length below the wing were calculated and are presented
in this section.

The longitudinal c.g. positions required to trim the glider with vertical attach
distances of .75 and 1.0 keel lengths were calculated from an equation represent-
ing a moment summation about the c.g. These curves were utilized to develop
the general arrangement and rigging drawing (Ryan Drawing No. 149-B-001).

Turn performance as a function of bank angle is presented. These estimates are
based on coordinated turns and are therefore only approximate. Glide perform-
ance for standard- and hot-day conditions is based on glide at an angle of attack
of 30° except for rates of descent, which were calculated as a function of angle
of attack.

STRUCTURAL CRITERIA AND LOADS

The structural design of the paraglider is based upon the loads developed during
all phases of the system operation. In addition to the loading requirements,
consideration must be given to the problems of packaging, environment, and
deployment, The design constraints on the wing construction are determined
from the operating environment and human force and acceleration limitations.
These constraints are:

15
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LONGITUDINAL C. G, POSITION REQUIRED FOR TRIM, X c.g./C
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Figure 5 Theoretical Longitudinal Center of Gravity Position Required

for Trim
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LONGITUDINAL C. P, POSITION, Xcp - PERCENT KEEL LENGTH

AFT OF WING APEX

NOTE: 1. Zatt/C

2. FLATPLAN SWEEP = 55°

= 1.0

3. KEEL LENGTH = 22 FT.
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Figure 6 Theoretical Longitudinal C. P. Position and An Angle of

Resultant Force
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NOTE: 1. LINE SHORTENING SHOWN INCLUDES A
30% MARGIN TO ACCOUNT FOR THE
FLEXIBILITY OF THE SYSTEM.
2. WITH ZERO LINE SHORTENING, GLIDER
IS TRIMMED FOR A 38° ANGLE OF ATTACK.

+16

+12

+8 /

e

//

INCREMENTAL CHANGE IN ANGLE
OF ATTACK, A a, DEGREES

0 1 2 3 4 5
REAR RISER LINE SHORTENING, INCHES

Figure 7 Predicted Rear Riser Line Shortening Versus Incremental Change
in Angle of Attack
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1. ANGLE OF ATTACK, a, = 30°

2, NO WIND

3. APPLICABLE TO STANDARD OR
HOT DAY CONDITIONS
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Figure 9 Predicted Glide Range
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Figure 10 Theoretical Turn Radius Versus Bank Angle
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NOTE: 1. ANGLE OF ATTACK, «, = 30°
2. STANDARD DAY
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Figure 11 Theoretical Altitude Lost in 180° Turn Versus Bank Angle
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1. Material used in the wing must be flexible and lightweight. It must
retain essential properties during environmental conditions that can
be expected during field operations. It must be capable of being
stored in the folded configuration for extended periods of time,

2. Packaging of the paraglider must consider the capabilities of the
fully loaded airborne troop. A package size approaching that of the
present T-10 parachute is desirable.

3. The weight of the system shall be kept to 2 minimum.

4. The construction shall allow for folding consistent with sound deploy-
ment procedures,

5. Acceleraticns encountered during deployment shall be within accept-
able human tolerances.

6. A factor of safety of 2 will be observed for all conditions and for all
components.

The critical load factor experienced by the paraglider system occurs during the
deployment sequence. The system shall be designed for the following conditions
during deployment:

Design Weight 300 pounds
Individual Weight 265 pounds
Design Limit Load Factor (Ng) 8.55

The design limit load factor occurs during opening shock of the wing while reefed
as a parachute. The theoretical procedures employed in the analysis are pat-
terned after the methods outlined in WADC-TR-55-265.

Since the proposed configuration consists of the wing deployed initially reefed to a
state resembling a parachute, deployment shall be made by use of a deployment
sleeve and a static line or small extraction chute.

In the analytical treatment of the opening dynamics, the reefed wing (effectively
a parachute) was assumed to have the characteristics of a flat, circular para-
chute. The diameter of 15.5 feet (DO) corresponds to the inscribed circle on

the wing's flat planform. The associated drag coefficient (CDO) is 0.75.
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For this analysis, the following conditions were chosen for the opening shock
analysis:

Jump Velocity (Vo) 130 knots
Jump Altitude (h0 or hy) Sea level
Static Line Length (1g) 15 feet

'Chute Plus Suspension Line Length ( lc) 16. 5 feet

The velocity just prior to parachute filling (VS) can be determined from the
following equation:

vV = . Vo
8 (Cp Sy Petp Vo
+
y (2) W,
Where (Cp 8)y = Drag area of man =5 ft2
p = Air density = 0.002378 slug/ft3
g = Gravitational constant = 32.17 ft/sec2
w, = Suspended weight = 265 pounds
tp = Deployment time = seconds

The velocity Vg is assumed equal to Vo. Therefore, the parachute filling time
is determined from the equation

t 8 Do/VS 0.9

(8) (15.5)
(220)0. 9

= 0. 97 seconds
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Factor A =

(2) (265)

(0.75) (1) (7.75)2(220) (2. 378)(10)~3(0. 97)(32. 17)

0.230

From Figure 4-2-2 (WADC TR 55-265),
the decreasing factor x = 0. 225

The opening shock force is

F0 = CDo Sy g XK

K = 1.4 for a flat circular plate

L = (0.75)(m(7. 75)2(0. 50) (2. 378)(10)'3(220)2(0. 225)(1. 4)
= 2564 1b limit

No = 8.55 glimit

The snatch force for the reefed paraglider is given by

W P
\/g-"‘ y2 g

P =
max
where 9 t Kb(n-l)
AV = V T 3
1+ V tkp(ntl) + V,“ nk5) ¢2

and where

CDb Sby
K = e

b 2 W

b
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Where

Kb = drag loading of the suspended load, ft~1
CDb = coefficient of drag of suspended load
Y = specific weight of air, lbs per cu. ft
Wb = weight of suspended load, 1b
Sb = aerodynamic area of suspended load

CDo So)’
Kp = W for the parachute

p .
Where
Kp = drag loading of the uninflated parachute, ft -1
Cp So= average drag area of the uninflated parachute plus drag area
© of the extraction chute.

Wp = weight of canopy cloth area plus weight of external suspension lines, 1b

"p
n =

b
d = distance from the center of gravity of the canopy to the suspension

point on the load.
ANALYSIS
Let Cp S = aft?

Do "o
Wp = 32.51b
Y = 0.0766 lb/ft3
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For

Now

AV

il

It

I

(4)(0. 0766)
(2)(32.5)

= 0.00471
= 5 ft2
= 2651b

= 0.0766 lb/ft3

( 5)(0.0766)
(2) (265)

= 0,00072

K

P 0.00471
Lo - - 6,54
Kp 0.00072 2

= 16.5 feet

- an.1x10?

t = 0,45 seconds

- q.2x10t

(Ref: WADC-TR-55-265
Pg 4-1-7 Figure 4-1-11)

-4
(220)2 (0. 45) (7.2)(10) (6.542-1)

1 + (220)(0. 45)(7. 2)(10)~4(6. 542 + 1) + (220)2(6. 542)(A)
[A = (7.7)2(10'4)2(. 45)2]
55. 36 fps

30.51b = Weight of canopy W/O free suspension lines
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Z = 6 (working)
PImx = breaking strength of suspension line = 1000 1b
€ max = maximum elongation of suspension line, ft = 3 {t
(30.5)  r omZ,. (1000)
.36) (6
P @z.17) 00-360 ) —35

Another peak loading condition occurs upon transition of the parachute configu-
ration into the wing configurat.on. In the absence of a readily available mcthod,
the opening shock load is computed as the drag load on the wing at an angle of
attack of 90°. The drag area is based on a drag coelficient for a flat plate and
the flat plan area of the wing.

Cd = 1.28 Ref: Airplane Aerodynamics, Dommasch, Sherby,
Connolly, Pitman Publishing Company, N.Y.
S - 2 % Cos A - (22)° Cos 55° - 257.6 fi2

. R . ) 2

S (Cp S)y, = (257.6)(1.28) = 329.7ft

Shock F p_ -~ pvic.s
RS Sl F 2 b Sw

The velocity of the system at the instant of transition is calculated in the follow-
ing manner,

v D
m = .g(&_ = 9.33
32.17
— 1 Yo .
mv D=1/2 PV (CDS)

“I‘

3
il

w
(]
(=]
T
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At t = 0:

M

219. 4 fps, Vx=0,

EFV= 0=DSin ¥ -W-(-mv Sin »)

)
DSiny -W+mv Sin ¥ = 0

EFH = 0=DCos?” - (-mv Cos¥)
(2)
DCos?Y+mvCos ¥ =0
. » . V
VH = VCos ¥ or V="H/Cos ¥
\Y = VSin? and vV = Vv/Sin')'

Substituting in eq. (1)
DSin Y -W+ m\'lv =0

D = (.5)(2. 378)(10) "> (146) V2

2 sz
=0.174 V but v =
Sinz')’
S D = 0.174 vvz/sm2 ¥
Now 2 2 dv
0.174 V °/Sin°Y -W+m = 0
\Y dt
Or 2
m dv, = W- U
dt Sin2 Y

aVv
v

_ dt
_/w Sin? - 0.174 sz m Sin ¥




1 W Sin¥? + VV '\/0.174 W Sin? t

LN = +C

2 ~/0.174 W Sin?¥ WSiny -V V0.174 W Sin¥  m Sin?¥
When
t: 0’ V = 0 a.. C= 0

v

WSiny +V_ 0.174 W Sin ¥ 2t V0.174 W Sin ¥

", LN M =
WSin¥? -V, V0.174 W Sin ¥ m Sin ¥

Since for LNa=Db

a==e

/2

2t(0.174 W Sin )"
1
W Sin? +V, (0.174 W Sin ¥ ) /2 m Sin ¥
e

W Sin¥ -V, (0,174 W Sin ¥ )1/2

Or

.., 1/2
i . 1/2 2t (52.2 Sin 7 )
300 Sin?y + VV (52.2 Sin 7 ) _ . 9.33 Sin 7 5

300 Sin? - V_ (52.2 Sin¥ y1/2

Substituting in eq (2)

DCos? +m \"h = 0
2
2 2 Vy
D = 0.174V but V = 5
Cos™ ¥
oD = 0.174 VHZ/Cos2 '
And
2 dvVv
H
0.174 Vy - N
Cos 7 dt
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) WV f 0.174 dt

2 m Cos Y
VH
1 0.174 t
—_— e A T C
VH m Cos y

when t = 0, VH = V_ = 219.4 fps

© C = = 0.00457

v - 9.33 Cos?
H  0.174t + 0.0427 Cos?

Now, by means of equations (3) and (4), the velocity of the reefed system can be
determined. Since the system is reefed for three seconds as a parachute, the
velocities V__ and VV can be found by an iterative process. In this analysis,
time increments of 0. 50 second were used and different values of flight path

angle 7 were assumed.

The resultant velocity V = VH = —-&-——-
YV "78INy - TSIN 84° 46
= 41,11 fips.

The terminal velocity V. is found to be 41. 6 fps as follows:
(Parachute configuration)

D =W = 1/2 pvz(c0 S)

(COS)B = 5 ftz Drag Area of Man

(COS)p = 141 fi2 Drag Area of Wing

(COS)T = 146 ft2 Total Drag Area
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2 2w 600

A e | = 1729
& 2 (COS)T 2.378 x 10 ) x 146

= 41.6 f
VT 1.6 fps

Since the resultant velocity is approximately equal to the terminal velocity, the
terminal velocity is used in calculating the shock force.

1 2
Shock Force'DF = 5 PV (CoS)W

(0. 5)(2. 378)(10) > (41. 6)2(329.7)

678.4 1b limit

GUST LOADS

Method of Analysis
Ref: Mil-A-8629 (AER)

pPVU Km
max

2 (W/8)

2.378 x 1072 b-sec?/ft* @ s. L.

= 5 S. L.
- 50{/5— 0 fps at

c
k)
mooon

V = 50.57fps@ o = 27.5°
N~ 108 /i
S
0.88 U

Kn = ) = 535757

2 (W/S
u = 20/8)

gemp
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g = 32,17 fps

c = 14, 7 ft.
m = C = 2,292 (average)
Ny
2 (1.08)
H = )
(32.17)(14.7)(2.292)(2.378 x 10 )
= 0.84
K - (0. 88)(0.84)
m 5.3 +0.84
= 0.1204
h o~ g4 (2.878 X 10—3)(50.57)(50)(1204)(2.292)
z 2 (1.08)
= 1+ .768
n = 1.768 g (Limit)

The analysis indicates that the effccts of gusts upon the system are relatively
low. Because of its extreme flexibility, the paraglider is expected to act as a
gust alleviator. In addition, the long nylon suspension cables will absorb some
of the shock of a gust load. The preceding analysis has been conducted for a
velocity of 50.57 fps. Although higher velocities would result in higher load
factors for the same gust velocities, these higher glide speeds are not anticipated
due to the danger of wing closure at smaller angles of attack.

The loads imposed upon the paraglider during one glide and flare will be quite
small. High load maneuvers during glide are not anticipated, and the time
histories of the flare (see Stability and Control Section) indicate a maximum
load factor of 2g. The glide phase of the descent will consist of a straight glide
and/or shallow turns as required for positioning over the intended landing site.

In view of the above discussion, the following structural design criteria are
established for the glide and flare portions of the descent.,
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Gross Weight 300 pounds
Individual Weight 265 pounds

Design Limit Load Factor 2.0

Deployment of the wing into the glide configuration results in a momentary wing
angle of attack of 90°, The data available from the wind-tunnel pressure tests
of a model simulating a flexible wing have been analyzed for the loading distribu-
tion upon the wing structural members. Figure 14 shows the estimated load
distribution on the keel and leading edges due to membrane load for two sweep-
back angles. The load distribution on the leading edges and that on the keel are
practically identical, so each of the curves are valid for all three members.
The curves show the loading distribution for the two sweepback angles to be
very similar, and both approach a triangular distribution. The variation, with
sweepback angle, of the c.p. location, percent wing load on keel, and centroid
of airload on the structural members is shown in Figure 15, These paramecters
are shown to be essentially constant for the range of sweepback angle shown

at 90° angle of attack. The data also show that the keel supports 50 percent of
the wing load, and each leading edge carries 25 percent.

An estimate of the airload distribution on the wing during glide and flare was

made by study of the pressure data made available by NASA, Figures 16 and
17 show the load distribution on the wing, keel, and leading edges.

DESIGN

Wing - General

The paraglider wing consists of three inflatable structural members, a flexible
membrane, and an air inflation system (pneumatic system). The two leading
edges and a keel constitute the inflatable members, all of which join at the prow
apex to form a theoretical triangular wing planform. The keel runs longitudinally
aft along the centerline of the wing from the apex to the trailing edge. See

Figure 18.

A single inflatable air chamber is formed at the juncture of the three inflatable

members. Inflatable members are circular tubes 6 inches in diameter and 22
feet long.
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