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FOREWORD

This Technical Report was prepared by the Recovery and Crew Station

Branch, Air Force Flight Dynamics Laboratory (AFFDL/FER), Wright-Patterson
Air Force Base, Ohio, under Project 1964,

e~

"Advanced Launch and Recovery",
within the scope of a Memo of Agreement between AFFDL and the Aeronautical

Systems Division's Remotely Piloted Vehicle (RPV) Systems Program Office
The work covered the period from 23 October 1974 to 30 June 1975.

(SPO).

This report was submitted in Cctober 1975.
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SECTION I
INTRODUCTION

1. BACKGROUND

The current Air Force use of a conventional parachute system for

Remotely Piloted Vehicle (RPV) recovery, either midair or surface

impact, provides ror a minimum descent rate/impact velocity of approxi-
mately 13 to 15 feet per second and provides no control over the system's

trajectory during descent. The substitution of an all-flexible Hi-Glide

(L/D>2.25) canopy for the conventional parachute system could provide a
;4 reduced descent rate and impact velocity, flight path control, homing to

a precise surface impact location (automatic or manual), a wind offset

capability, and the possibility of powered flight utilizing the RPV
propulsion system during the recovery operation to increase the period
of time available for recovery. Hi-Glide canopies could also be used to
augment the RPV wing during take-off, thus significantly improving RPV i

launch performance. However, prior to the incorporation of a Hi-Glide

E\r canopy system(s) into RPV's, a comparative analysis of the various

se s

canopies available should be conducted to select the optimum configuration
for a given application. This requires a determination be made that

sufficient data is available to conduct such an analysis.

EE L

The candidate Hi-Glide canopies which represent the third generation

of advanced 1ifting decelerators (References 1 and 2) are categorized

as:
1 1. Parawing (Figure 1b) b
;ﬁ 2. Ram-Air (Figure la and d)
, 3. Sailwing (Figure 1c)
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The Parawing Hi-Glide canopy js characterized by a single membrane

(Figure 2a) which inflates to a

MEFOREE

surface of single or twin keel design

cambered airfoil section by proper rigging of the suspension lines.

Suspension lines are attached along the leading edges and keel(s).

Directional control is accomplished by deflection of the outboard tip

N P -

lines.
The Ram-Air Hi-Glide canopies are characterized, in general, by an

membrane and internal airfoil shaped fabric ribs, forming

upper and lower

cells (Figure 2b). The planform is rectangular and the leading edge is

air to inflate the cells and shap
Various methods of directional

open to allow ram- e the canopy. Suspension
lines are attached to the lower surface.

control have been attempted; among these are trailing edge deflection

and leading edge collapse.

ER
The Sailwing Hi-Glide canopy is characterized by a single membrane

surface of essentially a rectangular planform with rolled leading edge

which is inflated by ram-air (Figure 2c). The planform is divided into

Directional control is accomplished by 1

R il §

lobes by suspension line flares.

deflecting lines #hich change the shape of the outer lobe.

PURPOSE, SCOPE, AND APPROACH OF THE STUDY 3
he identification of potential Hi- '

(B

The purpose of this study is t

Glide canopy applications for RPV's, the definition of data voids which

would prevent a comparative analytical evaluation of the various Hi- k

Glide canopies for application to RPV's, the development of program
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i outlines for filling selected data voids, and the documentation of the
study results. It should be stressed at this point that the study was
not to conduct a Hi-Glide canopy comparative analysis but rather to

identify the data voids which would prevent such an analysis.

;f The RPV chosen by the RPV SPO for this study as representative of

the current generation of RPV's was the AQM-34V. This RPV has a maximum

gross weight of 4520 1bs. with a maximum allowable g 1imit established

for the study of 3.72 g's at maximum gross weight. A target deployment

A q value for the Hi-Glide canopy was established at 100 psf. Vertical

| descent velocity should be less than the 15 fps currently available with

the ability to minimize total velocity for surface impact to minimize ;
impact damage. A landing accuracy for surface impact recovery of 1/2 |

mile diameter circle is desired.

The approach adopted for this study was to first establish the
candidate Hi-Glide canopies available and their potential applications
for RPV's. An analysis of the various phases (as defined in Table 1)
of each application (e.g. midair recovery) led to identification of the
system data requirements for the various phases of each application. A
literature search was then conducted to identify the capabilities of ‘;
each candidate canopy. It should be stressed at this point that only
data documented in the published literature was considered in this

study. A comparison of data requirements and data available resulted in

identification of the data voids. Programs were developed which would

attempt to fill selected voids.
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It should be emphasized here that the programs outlined are those

required to fill the selected Hi-Glide canopy data voids; this does not

imply that the entire program outline for a given void must be accomplished

as a single effort. The outlined programs may be subdivided into smaller

efforts.
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: SECTION 11
i IDENTIFICATION OF DATA REQUIREMENTS

1. POTENTIAL APPLICATIONS

A review of current RPV operations resulted in the identification
of the general categories of recovery and take-off as potential areas
for Hi-Glide canopy application. For recovery, Hi-Glide canopies offer
the potential of reduced descent rates (including the possibility of
zero descent rate under powered flight), increased wind penetration
1;‘ capability, flight path control, homing (manual or automatic) to a
] specific impact point, and reduced impact velocities. For take-off, a
lf Hi-Glide canopy offers additional wing area to reduce the required take-

off speed, thus reducing take-off distance.

The potential applications are depicted in Figure 3 and include
midair recovery and surface impact recovery. Midair recovery will
utilize an uncontrolled canopy, be powered or unpowered, and be con-
ducted in daytime under visual (good weather) flight conditions.

Surface impact recovery will be accomplished through automatic homing or

e Ge ey - 2 e T 5

g manual guidance of a powered or unpowered vehicle. Under each of these
categories of guidance, a possibility of two further subdivisions exists -
Ak use of canopy control surfaces or use of RPV control surfaces. Automatic
homing will be accomplished in daytime or night and in all weather.

Manual guidance will be 1imited to daytime/good weather only.

; o o
. Lo IR
i S gt

|
1]
|
|
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2. OPERATIONAL SEQUENCE/DATA REQUIREMENTS

A consideration of the RPV operations during each of the potential
applications led to identification of a sequence of events or phases of
operation occurring during each application. An analysis of each phase
of operation resulted in the identification of the system data require-
ments necessary to perform a Hi-Glide canopy comparative analysis.
Through this analysis it was determined that all data requirements
identified for a recovery application encompassed those identified for a
take-off application. Therefore, only the recovery application will be
addressed in the remaining sections of this study. It should be noted
that a program to fill a data void under the recovery applications will,
in general, be more extensive than one to fill the same data void under
the take-off application due to the additional restrictions imposed on

the recovery application (e.g. volume constraint).

The phases of the recovery system utilization and the data required
for evaluation of the recovery system within each phase are given in

Table 1:

ks ay i
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TABLE 1

s e ar DA e Kl | ety

RECOVERY APPLICATIONS-PHASES OF OPERATION
AND DATA REQUIREMENTS

PHASE DATA REQUIREMENTS

1. Packed and stored in the RPV a. Achievable packing densities
for Hi-Glide materials.

b. Material types for Hi-Glide
application.

c. RPV weight and balance data.
d. RPV aerodynamic data.
e. RPV structural data.

f. RPV recovery system volume
available.

2. Deployed from the RPV a. RPV "g" limitations for
all axes.

b. RPV recovery envelope.
¢. RPV recovery weight.

d. Hi-Glide canopy deployment
capabilities

Dynamic Pressure
Reefing

Opening Forces
Reliability

3. Steady state flight/descent a. Hi-Glide canopy aerodynamic
data.

b. Hi-Glide canopy stability data.
c. Hi-Glide canopy control data
Forces

Travel
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TABLE 1 (Concluded)

PHASE DATA REQUIREMENTS

d. Hi-Glide canopy turn data.
e. Desired/allowable descent rate.
1 £. Desired wind offset capability.

g. Ability to design a canopy for
a given weight range.

h. RPV aerodynamic data.

i. RPV stability data.
j. RPV control data.
k. RPV engine data.

1. RPV guidance, navigation, and
control capabilities.

4. Flight Termination a. A1l items of Number 3 above.
b. RPV "g" limits.
c. Midair recovery constraints.
d. Acceptable impact conditions.

Impact accuracy requirements.

(1]

f. Surface based control equipment
requirements.

5. Turnaround a. Packing time.
| b. Packing facilities required.
{ 6. Miscellaneous a. Canopy cost.

g b. Reliability.

c. Maintainability.
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SECTION III
ANALYSIS OF DATA VOIDS

1. IDENTIFICATION OF HI-GLIDE CANOPY CHARACTERISTICS/
CAPABILITIES

Following compilation of the data required for conducting a comparative
analysis (Table 1), a literature search was conducted to determine which
of these data are available for each of the candidate Hi-Glide canopies.

This information is presented in Table 2.

The available data has been divided into several categories in
Table 2. Table 2a presents various physical characteristics of the
candidate Hi-Glide canopies as they exist today. Free flight wing
loading, (N/S)FF, is indicated as having a potential lack of data due to
its interrelationship with other factors such as wing area, payload
weights, and overall system performance requirements. For example,
volume constraints might be such that a canory of sufficient area could
be stowed which would carry the payload within the demonstrated (W/S)FF
capability. However, the requirement for a smaller recovery system
volume or for increased system wind offset capability might easily push
the (N/S)FF requirement above the current demonstrated capability. It
should be noted at this time that due to the flexible nature of Hi-Glide
canopies an increase in wing loading tends to distort the canopy as the
increased load is distributed into the canopy, causing a degradation in
performance. This shortcoming is partially due to the inability to
analytically predict the stress distribution throughout the canopy for a

given application. Table 2b presents Hi-Glide canopy deployment

12
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capabilities. The Sailwing data presented is based on a minimal amount
of test information (e.g. only one successful test a q = 20 psf for the
2700 ft2 Sailwing). The 4000 sq. ft. Parawing was developed under a

NASA program (Reference 3) and employed a complex five-stage pyrotechnic
reefing system which would probably be unacceptable for the RPV application
under consideration. Under this and other NASA programs the ability to
scale the opening forces for Parawings up to 400 sq. ft. (1k = 24 ft.),
Reference 11, from model results has been demonstrated. This scaling
technique has not been verified for other Hi-Glide canopies. An attempt
to predict the reefed opening forces of the 4000 sq. ft. Parawing from
test results of a 400 sq. ft. "model" were largely unsuccessful due in
part to a mismatch between desired and actual test conditions of the
verification tests, Reference 3. Under an Air Force program, Reference 5,
a possible scaling of the ratio of opening force to reefed opening force
for a Ram-air canopy was demonstrated; however, this is based on minimal
data. Table 2c presents the aerodynamic performance and control data.

As indicated in the table, no specific methods are presently available

to directly scale the steady state flight performance of Hi-Glide canopies.
The limited wind tunnel aerodynamic performance data for the Sailwing is
contained in References 13, 14, and 15. However, the range and numbers
of variables included are not considered sufficient to adequately predict
the aerodynamic performance of other Sailwing configurations. No free
f1ight aerodynamic performance data or canopy control data is available

for the Sailwing. Table 2d represents additional miscellaneous information

21
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required to round out the complete comparative analysis. Due to the
limited investigation of large scale (>300 sq. ft.) Hi-Glide canopies,
cost, reliability, and maintainability information is virtually non-

existent.

2. IDENTIFICATION/CATEGORIZATION OF RPV RELATED DATA REOUIREMENTS

The information presented in Table 3 represents the RPV related
information required to conduct a Hi-Glide canopy comparative analysis.
A check mark (v) indicates that sufficient data is available. The term
GN&C stands for guidance, navigation, and control. These terms are

defined (Reference 16) as follows:

Navigation - Ability to determine position relative to a
given position.

Guidance - Ability to establish a suitable ground track and
flight condition in order to reach the given
position.

Control - Ability to cause the vehicle to follow the

desired flight path.

RPV Operational Requirements include, but are not limited to:
Acceptable system descent velocity.
Acceptable impact conditions.
Acceptable weather conditions.
Acceptable turn capabilities and response.

Acceptable recovery envelope.

3. IDENTIFICATION OF DATA VOIDS WHICH PREVENT A HI-GLIDE CANOPY
COMPARATIVE ANALYSIS

Having identified (1) the potential applications and data

requirements for evaluation of the RPV recovery system and (2) the

22
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published Hi-Glide canopy characteristics/capabilities, the latter can
be balanced against the former to establish the canopy data voids which
exist. It is recognized that many areas are interrelated (e.g. the
successful flight demonstration of a large Ram-Air canopy will not
insure its ability to meet all the requirements of the RPV application
under consideration). However, for the sake of simplicity, the data

voids will be addressed separately.

a. Canopy Related Data Voids - The following canopy data voids
have been identified and, unless specifically stated otherwise, apply to
all Hi-Glide canopy configurations. An additional lack of data in the
area of aerodynamic performance data and canopy control data also exist

for the Sailwing.

(1) Packing - To meet the RPV recovery system volume con-
straints the Hi-Glide canopy system may have to be pressure packed to
densities greater than those currently demonstrated for low-permeability
materials. No data is currently available of the effects on material
and canopy performance of pressure packing the low-permeability materials

currently utilized in Hi-Glide canopy fabrication.
(2) Canopy Wing Area/bayload/Wing Loadina

(a) Canopy Wing Area - An estimate of the canopy area

required for application of the RPV recovery can be calculated as follows:

given, W 45204

max

v
Vimax

24 fps based on midair recovery requirement

24
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assume, L/D = 3.0
h = 10,000 ft.
CR = 0.65
ram-air
. 24
) = V /siny =
Tor ¥ sin [arc tan (—1—0]
3.0
x 76 fps
v = 2W
TOT DSCR
n 2(4520) _
Smin = = 1371 sq. ft.

(0.001756) (0. 65) (76)°

Parawings have been successfully demonstrated to wing areas of 4000
sq. ft. The demonstration of Ram-Air canopies of areas up to only 864
sq. ft. have been documented, resulting in a data void in this category

for Ram-Air canopies. The data available on the 2700 sq. ft. Sailwing

is minimal.

(b) Canopy Payload - Ram-Air canopies have successfully
flown with payloads up to 2000 1bs. This represents only approximately
1/2 of the payload (4520 1bs) under consideration. Parawing payloads tn

6000 1bs have been successfully demonstrated.

(c) Wing Loading - This category represents a possible
data void for all Hi-Glide canopies depending upon other factors in the
RPV application (e.g. available volume, achievable packing density). Due
to the interrelationship among the various factors it cannot definitely
be determined that a data void exists in this area for the application

under consideration. However, due to the desire for wind offset
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capability (a function, in part, of wing loading) and minimum volume for

o

recovery system, it is felt that wing loadings above those in Table 2a

will be desirable. The inability to predict the effect of increased

R s R

wing loading on canopy performance is due, in part, to the lack of
accurate methods to predict the stress distribution in the all-flexible
canopy under a given loading. Thus, wing loading is identified as a

potential data void for all Hi-Glide canopies.

(3) Reefing - The Hi-Glide canopy deployment q has been established
as 100 psf for the application under consideration with a g limit of
3.72 at maximum gross weight. No reefing system has been demonstrated
to date which will meet these conditions. The five stage pyrotechnic
system used by NASA on the 4000 sq. ft. Parawing comes closest to meeting
them; however, reefing system complexity would probably preclude its use

for RPY application.

(4) Canopy Control Data - Ram-Air canoby turn control data b
is nonexistent for systems larger than approximately 300 sq. ft. and
landing flare control data is minimal or nonexistent for systems larger

than 300 sq. ft. Data on Parawings up to 4000 sq. ft. is available. L

(5) Scaling Techniques - Scaling techniques for unreefed opening
forces have been validated for Parawings of areas up to 400 sq. ft. An
attempt to extend these techniques to reefed opening forces of a 4000
sq. ft. Parawing system was not completely successful due, in part, to a
mismatch between desired and actual test conditions. No scaling techniaues
for opening forces have been documented for Ram-Air canopies. Specific
techniques are not available for accurate scaling of Hi-Glide canopy {
free-flight performance.

26
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(6) Reliability, Maintainability, and Cost - Hi-Glide canopies
are inherently reliable in their opening; efforts to control or reduce
the opening forces create problems in reliability. A1l Hi-Glide canopy
types are capable of gliding (with reduced performance) with considerable
damage (e.g. hcles in the canopy fabric). Production costs are available

only for personnel sized canopies. Limited quantity costs are available

et oo T o

for larger sized canopies.

(7) Miscellanecus Data Voids

(a) Materials - Materials, per se, may not be a factor

preventing a comparative analysis of Hi-Glide canopies unless system

constraints (e.g. volume) are such that, for a given material, one
canopy could be incorporated and another one not. If this were the
case, utilization of a different material might allow for incorporation
of both canopies. The predominant material used to date in the con-
struction of Hi-Glide canopy systems has been a coated and/or calendered
rip-stop nylon. An evaluation of alternate materials may yield others
equally suited for Hi-Glide canopy application but with possible

advantages of increased packing efficiency, decreased weight, etc.

(b) Canopy Design - The ability to successfully design
a Hi-Glide canopy larger than personnel size, =x300 sq. ft., for a
specific application has not been demonstrated. This inability is a

result of many of the data voids previously presented.

27 i
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b. RPV Related Data Voids

(1) Acceptable Impact Conditions - A definition of acceptable
jmpact conditions is required to allow the establishment of recovery

systems parameters such as acceptable impact velocity/acceleration.

i (2) RPV Operational Requirements - A definition of the RPV
l operational requirements is needed for surface impact recovery and take-
off applications. These requirements include such items as weather

conditions, turn capability and response, recovery envelope, etc.

e
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SECTION IV j -
PROGRAM OUTLINES TO FILL SELECTED DATA VOIDS ’

Following identification of existing Hi-Glide canopy data voids,
programs were outlined which attempt to fill specific voids or com-
binations of voids. The general format of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>