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1 Figure 1, Parasail Automatic Homing Cargo Delivery System
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steerable parachute was used to control the descent trajectory of payloads
weighing up to 2,000 pounds released from altitudes of 3,700 feet to 12, 000

feet and offset release points of 0 to 7,000 feet from the ground transmitter.
Successful deliveries were made over a variety of terrains, A system glide
ratio of approximately 1:1 was obtained which, when coupled with a descent rate

of 30 feet per second, provided a limited wind offset capability.

With the introduction and advancement of all-flexible devices having glide
ratios between 2,0:1 and 3. 0:1, (see Figure 2), the capability to control the
descent path of cargo containers in a 30-knot wind environment or from greater
stand-off release distances appeared to be technically achievable. Accordingly,
considerable interest in the establishment of such a capability was shown not
only in support of military operations but also in support of land-landing re-
quirements for manned spacecrait,

In regard to military applications an operational requirement was issued

early in 1967 for a precision aix drop capability for 2000-pound payicads. This
requirement was later amended also to include 500-pound payloads, The air
drop gystem was t» be relatively insensitive to operational variations such as
stand-off range and adverse weather, be capable of automatic homing or mannal
control during the descent trajectory, and be available for service testing within
a relatively short time period. Based on this requirement the AFFDL initiaved
exploratory development efforts intended to culminate in the feasibility demon-
stration of precision air drop systems using Para-Foils having a maximum
thickness of 18% of the chord length and a span of 1,5 times the chord length.

1t was intended that the resultant systems satisfy the capability characteristics
listed in part A of Table I, To facilitate conducting the demonstration at an
early date the guidelines listed in part B of Table 1 were established.

Since Para-foil technical design and performance data was limited, a cer-
tain amount of base-line type data had to be generated to determine potential
performance capabilities and limitations of this device. In addition, other re-
search efforts of limited scope had to be performed in areas related to the de-

siem, construction and performance of the Para-Foil in attempting to hurdle dif-

ficulties encountered or to resolve potential problems areds.
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High Glide Ratio All-Flexible Devices

Figure 2,
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TABLE 1

SYSTEM CONSIDERATIONS

Capability Characteristics:
Payioads

System Glide Ratio

Sink Rate (MsSL)

Guidance and Centrol

Accuracy

Wind Limitation

Air Drop Aircraft

Air Drop Velocity
Air Droo Altitude (MSL)
Guidelines:

Guidance and Control Equipment

System Weight, Volume and Cost

500 and 2000 pounds
2,651
Less than 30 fps

Automatic homing with manual
override

Best practical within guidelines
listed below (desired goal: auto-
matic homing impact accuracy of
less than 100 yards from target
jmpact point)

Best practical within guideline
listed below (cesired goal: ab
to operate in, and offset, winds
of up to 30 knots)

s
i

Tity

Any aircraft with capability of
airdropping payload

Up to 130 KEAS
From 20C0 to 15,000 fz.

Maximum utilization of recidual
hardware from above mentioned 1964
parasail steerable parachute program

Not primary considerations

*Basad on performance projectio

ns in Reference 2.
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Although the program objective included the development and the demon~
straticn of systems for both 500- and 2000-pound payloads, the major cffort was
oriented toward the demonstration of a 500-pound payload precision air drop
capability. gome work wWae accompushed and other work was progressing
toward the achievement of the 2000-pound payload objective when a decision

was made 0 terminate all higher payload capability efforts.

This report Zocuments the AFFDL efforts directed (1) toward the develop-
ment and demonstration of a precision air drop system for a 500-pound payload,
(2) toward the acquisition of base line and performance trend type data on Pa1a-
Foil type flexibie wings both in direct support of the development effort as well
as to add © the body of technical Knowledge ip the area of steerable, flexibie
devices, and (3) toward the development of a para-Foil type {lexible wing con-

figuration for pavloads of 2000 pounds and largeT.

———
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SECTION 11

PARA -FOIL

1. DESCRIPTION

The Para-Foil is a wing macde entirely of fabric and having no rigid mem-
bers, see Figure 3, Like a rigid wing it has an upper surface, a lower sur-
face, and an airfoil cross section, The leading edge is open to permit inflation
due to ram air. The Para-Foil is composed of numerous cells which when in-
flated give this cloth wing its rigidized shape. The Para-Foil concept is based
on a unique multi-cell kite design discovered by Domina Jalbert (Reference 3a).
The term "Para-Foil" denoting a combination of parachute and airfoii, was
established by the University of Notre Dame to describe various redesigna of
the original Jalbert Kite (Reference 3b).

The Para-Foil is fabricated of a low porosity nylon cloth and can be packed
and deployed 1n a manner similar to a conventional parachute, Flares or peo-
nants are distributed along the Lottom surface to which the suspension lines
are attached, These pennants serve three purposes: (1) they Jistribute the
aerodynamic forces to the suspension lines, {2) they partially channel the flow
into a two dimensional flow pattern which reduces tip losses and improves the
aerodynamic efficiency and (3) they provide side area which aids in obtain’ng
directional flight stability.

2, PERFORMANCE

Once inflated the performance of the Para-Foil is essentially that of an
airfoil and, as such, conventional airfoil/aircraft performance theory is ap-
plicable. Incorporation cf the Para-Foil into a payload delivery system e~
quires consideration of tow Para-Foil performance is related to system per-
formance., Definition of this relationship permite estimating the size of a

Para-Foil (or any other gliding device) necessary to produce specific system

performance or in a vice-versa manncr estimating the system periormauce

obtainable from a specitic gliding device, In developing this relationship
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reference is made to the equilibrium condition gliding canopy payload delivery
system illustrated in Figure 4. Also shown on Figure 4 is a pictorial presen-

tation of the angle of attack, (a), a8 defined for the Para-Foil.

The equations of motion for the delivery system are:

Space Axes
FstTsiny-DTc05y=0 )
F2=LTc057+DTsinY-UT=0 (2)
Flight Axes
Fy = Dy - Wy siny =0 (3)
FZ:LT-HTCOSY=0 (4)

The gliding steady state total velocity of the Para-Foil may be cbtained
by rewriting Equations 2 or 4,

Rewriting Equation 4 and assuming that LT ~ meg

2
FZ=1/29VCLS-HTcosY=0 (5)

from which

[ 2 Wp cos vy ..'1/2

e e ——] (6)

l. PCLS

Iy geometry from Tigure 1,

- v 21/2
Vel (7)
V, = Vsiny = .~...___jL~2. 8)
0+ (L/0%)172

i Vy = Vcos vy = v (9)

0+ (U021 72



AFFDL-TR-71-37

\ -
Llwing
* Lioap
S
HERDWIND
S S

| 2+ X+

/wac

CHORD LINE
W!NG

+ D

T "WING ~ “LOAD

Sl Dy

S C(JLO;‘D

Yoy

X+

Figure 4,

Lo W W
. T LOAD WING
System Free Body Diagram

10



