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NORTHROP

FREE FLIGHT INVESTIGATION OF LARGE ALL-FLEXIBLE PARAWINGS
AND PERFORMANCE COMPARISON WITH SMALL PARAWINGS
FINAL REPORT

e g

Bv J.H. Moeller, E.M. Linhart, W.M. Gran and L.T. Parson
Northrop Corporation, Ventura Division

SUMMARY

Welhe © RANEI  ar g s omagievateg ;-

This report presents the results and analysis of the results
of a series of twenty aerial drop tests conducted with 4000 sq ft
planform area (intermediate-scale) all-flexible parawings. Both
single keel and twin keel parawing models were tested; however,
twin keel parawings were flown in eighteen of the twenty tests.
The report also compares the results of the intermediate-scale
parawing tests with the results of tests previously conducted with
400 sq ft planform area (small-scale) all-flexible parawings.

The aerial drop tests with the intermediate-scale parawings
demonstrated the feasibility of their deployment within the pre-
scribed deployment envelope. However, the tests showed that the
larger parawings, in the configurations tested, were susceptible
to localized, canopy cloth damage in the early stages of deploy-
ment, particularly at the higher initial dynamic pressures.

The tests confirmed the need for a five-stage deployment
process to maintain deployment decelerations at or near the 3 G
level. Comparison of deployment deceleration test data from
scaled 400 sq ft parawing tests with test data from 4000 sq ft
parawing tests indicated that the scaling method used in this pro-
gram was not wholly valid.

For the parawing in gliding flight, the tests showed the
larger parawings to be stable, controllable, and responsive to
turn commands. In straight, gliding flight the intermediate-scale,
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twin keel parawings demonstrated a maximum lift-to-drag ratio of
2.5 to 2.75, depending on wing loading. Lift-to-drag modulation
capability, using either rear-keel-suspension line retraction or
tip-suspension-line retraction, was limited to approximately 0.5
less than maximum L/D on the parawing configurations flown. These
results were generally consistent with free-flight gliding perform-
ance measured on the small-scale parawings.
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INTRODUCTION

A deployable, aerodynamic-deceleration device capable of con-
trolled, gliding flight is a promising approach to the problem of
providing a land-landing capability for manned spacecraft. One
such candidate device, called the "All Flexible Parawing," was
initially developed by the NASA Langley Research Center. Further
parawing technology development was carried out by the Northrop
Corporation, Ventura Division, under Contract NAS 1-7467, adminis-
tered by the Langley Research Center. The overall plan of this
program was to develop progressively larger parawings, beginning
with "small-scale" parawings of 400 sq ft size, next with "inter-
mediate-scale" parawings of 4000 sq ft size, and finally, with
"full-scale" parawings of 10,000 to 12,000 sq ft size suitable
for use with large spacecraft. The results of the small-scale
program were repocrted in Reference 1. The results of the inter-
mediate-scale program constitute the primary subject of this re-
port. A secondary subject of this report is a comparison of the
results of the intermediate-scale program with the results of the
small-scale program.

The intermediate-scale parawing program encompassed a series
of twenty aerial drop tests of 4,000 sq ft parawings. Both single
keel and twin keel parawing models were flown in these tests. How-
ever, twin keel parawings were flown in eighteen of the twenty
tests. Two basic types of aerial tests were flown: 1) parawing
deployment tests on an instrumented, bomb-type test vehicle with
the parawing at a fixed rigging, and 2) parawing gliding-flight
tests on an instrumented, controllable, sled-type test vehicle.

In the latter tests the systems were provided with both turn con-
trol and pitch control. All the intermediate-scale aerial drop
tests were conducted at the DOD Parachute Test Faciiity, El Centro,
California.
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SYMBOLS

flat pattern wing span, ft

drag coefficient, D/qu

total drag area of parawing pilot parachute(s), ft2

load factor. Calculated by dividing the peak total
stage load by the product of dynamic pressure, g, at
initiation of the stage and the average reference

area, (CRSW)AVE' for that stage of the deployment
process

lift coefficient, L/qSw

resultant force coefficient, CL2 + CD

product of resultant force coefficient CR, and

2

reference wing area, SW' ftz. Calculated by divid-

ing total parawing load by wind corrected dynamic
pressure

average C.S. for given deployment stage, ft2
drag

diameter

force, lbs

suspension line peak load, lbs

peak total parawing load, lbs. Calculated by multi-
plying the peak measured total load for each stage
by the ratio of descent weight to suspended weight

peak measured total load in each deployment stage, lbs

ratio of acceleration to earth gravity
height above mean sea level

parawing keel

lift

parawing leading edge

xXvii
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LS parawing line stretch event
LT parawing line transfer event
) length of suspension line from bottom of skirt or

keel band to center of top cross bar of link to
which suspension line is attached

reference keel length

2’K

zLT length of left tip suspension line

LRK length of rear keel suspension line(s)

QRL effective reefing line length, i.icluding end
attachments for non-continuous reefing lines

zRT length of right tip suspension line

QRL/LK effective reefing ratio

QT length of tip suspension line

(QT/ZK)AVE average tip setting - ratio of the average length of
the left and right tip suspension lines to the
reference keel length

MSL mean sea level

PD programmer parachute disconnect event

P angular velocity about X-axis, rad/sec

q dyanmic pressure, lbs/ft2

r angular velocity about Z-axis, rad/sec

SK single keel parawing type

SW reference canopy area of parawing, ft2
= 0.691482,K2 for single keel models
= 0.77262K2 for twin keel models

TE parawing trailing edge

TK twin keel parawing type

t time, sec

xviii
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X, ¥, 2
1DR
2DR

3DR

T/£

-

filling time for each stage, sec. Measured from
initiation of stage to maximum inflated parawing size

time from line stretch to peak load, sec
descent weight, lbs

suspended weight, lbs

unit canopy loading (wing loading), lbs/ft2

reference axes system with origin at the moment
reference center

displacement of a sensor from the reference center
first stage disreef event
second stage disreef event
third stage disreef event

movement of tip control line or aft keel control
line from neutral position

differential tip setting - ratio of difference in
length of right and left tip suspension lines tc
reference keel length. Positive values indicate
right tip suspension line is shorter than left tip
suspension line (right turn input). Negative values
indicate left tip suspension line is shorter than
right tip suspension line (left turn input)

mass density of air, slugs/ft3

turn rate, deg/sec

xXix



SUMMARY OF SMALL-SCALE PARAWING PROGRA!M

GENERAL

The small-scale parawing program was the first phase in a

multi-phase technology program entitled, "Investigation of Large-

Scale All-Flexible Parawings for Spacecraft Recovery." The pur-

pose of the overall program was to establish the suitability of

the all-flexible parawing as a primary descent system for largc

spacecraft.

SMALL-SCALE PROGRAM OBJECTIVES

The objectives of the small-scale parawing program were as

follows:

1.

Investigate and evaluate parawing deployment mechanics
and deployment loads, define packing techniques, reefing
methods and sequencing for satisfactory parawing deploy-
ment.

Demonstrate successful parawing deployment followed by
steady, trimmed gliding flight.

Obtain verification of parawing rigging for steady glide.
Develop operational procedures and test crew training.
Obtain da*~a for defining parawing scaling relationships.

Evaluate parawing materials and parawing fabrication
techniques and revise as required.

Incorporate applicable new parawing technology estab-
lished in small-scale tests to the design of large

parawings.
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SMALL-SCALE PROGRAM SCOPE

The small-scale parawing program encompassed two wind tunrel
test programs, a free flight gliding test series, a set of aerial
deployment verification tests and a deployment drop test series.
Table 1 presents a summary of the small-scale parawing program.
The first wind tunnel test program was conducted in the Langley
Regearch Center's 30 foot by 60 foot full~scale tunnel; the sec~-
ond wind tunnel test program was conducted in the Ames 40 foot
by 80 foot tunnel. The free flight gliding tests and the aerial
deployment verification tests were conducted at E1l Mirage Dry
Lake, California. The deployment drop test series was carried
out at the DOD Joint Parachute Test Facility, El Centrce, California.
The small-scale parawing test program was accomplished in the per-
iod of September 1967 to August 1968.

SMALL-SCALE PARAWING TEST SPECIMENS

The wind tunnel tests in the LRC 30 foot by 60 foot full-scale
tunnel utilized 15-ft lK single keel parawings of 156 sq ft plan-
form area, and 15-ft £K twin keel parawings of 174 sq ft planform
area, A total of siv wings were fabricated for these wind tunnel
tests, three single keel and three twin keel models. These six
models were tested in 17 different configurations.

The wind tunnel tests in the Ames 40 ft by 80 ft tunnel uti-
lized a 15-ft EK single keel parawing of 156 sq ft planform area,
a 24-f¢ 2K single keel parawing of 400 sg ft planform area, and
two 22.7-ft LK twin keel parawings of 400 sq ft planform area each.

The free flight gliding tests at El Mirage Dry Lake investi-
gated the flying characteristics of 24-ft lK single keel and 22.7-
ft lx twin keel parawings, all of 400 sq ft planform area. A
total of four different models were flown. None of these models
had provision for reefing.
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The aerial deployment verification tests at El Mirage Dry
Lake and the deploymment drcp tests at El Centro, California, were
conducted with 24-ft zK single keel parawings and 22.7-ft QK twin
keel parawings, each of 400 sqg ft planform area. A total of six
wings, three single keel and three twin keel models, were fabri-
cated and flown. All six wings were provided with multi-stage
reefing systems.

The reefing systems selected from this test program were four-
stage systems, both for the twin keel and the single keel para-
wings. Characteristics of the selected reefing systems are:

1. All suspension lines initially equalized in length to
that of the tip lines -- the shortest suspension lines
c¢n the wing.

2. Reefing lines arranged on the periphery of each lobe
of the wing.

3. A gathering reefing line along the trailing edges of
the wing.

Details of the selected reefing systems and the deployment
sequence for the single keel and for the twin keel parawing are
presented in Reference i,

SUMMARY OF RESULTS

Significant resules of the small-scale parawing program can
be summarized as follows:

1. Maximum lift-to-drag ratio achieved with the single-keel
parawing was 2.7 in the wind tunnel and 2.3 in free
gliding flight. Comparable maximum L/D values for the
twin keel were 3.4 in the wind tunnel and 2.97 in free
giiding flight.
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Maximum L/D for the small models was found to be sig-
nificantly affected by tip-suspension-line length and by

wing loading.

L/D modulation capability, using rear keel line(s) re-
traction, was limited to a reduction of approximately
0.5 from maximum L/D, both for single keel and twin keel

models.

Successful deployment followed by steady, trimmed glid-
ing flight was demonstrated for both single- and twin-
keel models, at altitudes up to 18,000 ft and dynamic
pressures up to 100 psf.

The selected multi-stage reefing systems for the single-
and twin-keel models demonstrated the feasibility of
maintaining deployment load factors in the range of 3

to 4 G's or less.

The selected reefing systems produced significant
suspension-line-load variations from stage to stage, as
a result of the non-uniform canopy area growth in the
deployment sequence.

Maximum turn rates of 125 degrees per second with the
single keel models and 110 degrees per second with the
twin keel models were achieved, using single-tip-line
retraction. Turn rate was found to be a linear function
of control line movement for both wing types.

A complete description of the small-scale parawing program,

.
C e et bt bt s i o e

including descriptions of the models flown, test results, data
analyses, and conclusions, is contained in Reference 1.
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SUMMARY OF INTERMEDIATE-SCALE PARAWING PROGRAM

GENERAL

The intermediate-scale parawing program was the second phase

in a multi-phase technology program entitled, "Investigation of

Large Scale All-Flexible Parawings for Spacecraft Recovery." The

purpose of the overall program was to establish the suitability of

the all-flexible parawing as a primary descent system for larqge

spacecraft.

INTERMEDIATE-SCALE PROGRAM OBJECTIVES

The objectives of the intermediate-scale parawing program

were as follows:

1.

Demonstrate successful parawing deployment with a 5000
pound payload, at a wing loading of 1.25 psf in the
altitude range of 3000 to 18,000 feet and at dynamic
pressures from 30 to 100 psf. The developed parawing
will have minimum weight and packed volume, consistent
with safety.

Obtain deployment loads data and information on parawing
design details, fabrication techniques, and deployment
system for application to the full-scale parawing.

Demonstrate transition from deployment to stable,
trimmed gliding flight for a wing loading of 1.25 psf,.

Obtain quantitative effects of wing loading on parawing
flight characteristics and rigging for trimmed flight.

Obtain quantitative data at a wing loading of 1.25 psf
and evaluate the effects of wing loading on control
forces, rates, travel, and vehl.cle response to control

inputs.
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6. Define a suitable control mode for pitch control.

7. Evaluate the system landing capabilities and obtain
quantitative data pertinent to approach and landing
touchdown conditions.

8. Obtain data for defining parawing scaling relationships.

9. Demonstrate that the parawing system can satisfy its
design requirements without damage to the canopy, sus-
pension lines or risers.

INTERMEDIATE-SCALE PROGRAM SCOPE

The intermediate-scale parawing program consisted of a series
of aerial drop tests carried out at the DUOD Joint Test Facility,
El Centro, California. Two basic types of tests were conducted in
this test series; (1) parawing deployment tests on an instrumented,
bomb-type test vehicle with the parawing at a fixed rigging, and
(2) parawing controlled, gliding flight tests on an instrumented,
sled-type, radio controlled test vehicle. A total of twenty aerial
tests was flown, of which fourteen were deployment tests and six
were controlled, gliding flight tests. The intermediate-scale
parawing test program was accomplished in the period from August
1968 to June 1969,

INTERMEDIATE~SCALE TEST PROGRA!M RATIONALE

The test program conducted with the intermediate-scale para-
wings was devised to achieve the previously identified program
objectives. 1In general, the tests of the parawing on the instru-
mented, bomb-type test vehicle were planned primarily to achieve
the objectives associated with the deployment phase of parawing
flight. However, the tests on the bomb-type test vehicle did also

- cdefibiod] bt 5
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provide some useful data on controlled gliding flight, particularly
those tests in which the parawings were deployed at the higher al-
titudes. On the other hand, the tests of the varawing on the con-
trollable, sled-type test vehicle were planned primarily to achieve
the objectives associated with the controlled, gliding phase of
parawing flight. However, the tests on the sled-type test vehicle
did also provide some useful data on parawing deployment charac-

teristics.

Parawing tests on the bomb-type test vehicle mav be categor-
ized as follov.:

1. System validation tests

2. Scale point tests

3. Deployment demonstration tests

4. Controllable vehicle qualification tests.

The system validation tests were normally the first tests
conducted in the series, with payload weight and parawing deploy-
ment conditions set at minimum levels. Primary purpose of these
tests was to validate proper operation of the parawing system,
test vehicle and associated test instrumentation.

The scale point tests were those tests for which the syvstem
descent weight and parawing deployment conditions were selected
according to a previously formulated set of scaling iaws. The
scale point tests were designed to simulate the deployment loading
and dynamic behavior of a full-scale parawing system at significant
points in the prescribed deployment envelope. For the twin keel
parawing, the scale point tests were selected to simulate a full-
scale parawing with a planform area of 10,000 sq ft, at a wing
loading of 1.5 psf (i.e., flown on a 15,000-1b descent weight svs-
tem deployed at a dynamic pressure of 100 psf and 18,000 ft alti-
tude). No scale point tests were conducted with intermediate-scale,
single keel parawings.

5
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The deployment demonstration tests were conducted to demon-
strate the capability of the intermediate-scale parawings to bhe
successfully deployed in the prescribed altitude-dynamic pressure
deployment envelope. These tests normally included testing at
conditions corresponding to the corners of the deployment envelope,
i.e., at the maximum and minimum dynamic pressure and altitude
conditions.

Finally, the qualification tests were tests conducted on the
bomb-type vehicle to qualify the parawing system for use on the
expensive, heavily-instrumented, controllable test vehicle. The
descent weight and parawing deployment conditions used for these
qualification tests were normally selected to exceed, by a fixed
margin, the descent weight and deployment conditons planned for
the controllable vehicle fliths.

Parawing tests on the controllable, sled-type test vehicle
were all in the same category, i.e., gliding flight demonstration
tests. The one parameter that was varied in these tests was wing
loading. Parawing deployment was carried out at the highest al-
titude practicable with the launch aircraft available, in order to
provide the maximum amount of gliding flight data. Parawing de-
ployment dynamic pressure was somewhat arbitrarily set in the low-
to-moderate range to minimize the possibility of canopy damage dur-
ing deployment. Maneuver plans were varied from flight to flight,
in order to provide a balance between straight gliding flight data
and turn maneuver data.

INTERMEDIATE-SCALE PARAWING TEST SPECIMENS

The intermediate-scale parawing test specimens, both single
keel and twin keel, were designed with a flat pattern area of
4000 sq ft. This size represented an order-of-magnitude increase
in wing size from the 400 sq ft parawings flown in the small-scale
program. At the 4000 sq ft size these wings were designed for
testing at a 5000-1b descent weight for a nominal wing loading of

P
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1.25 psf. Ballasting provisions in the intermediate-scale test
vehicles allowed variability of wing loading in test from a mini-
mum of 0.72 psf (i.e., with a 2880-1b descent weight) to a maximum
of 1.50 psf (i.e., with a 6000-1b descent weight). APPENDIX A
provides detailed descriptions of the intermediate-scale test ve-
hicles and their associated instrumentation.

Structurally, the intermediate-scale parawings were consider-
ably more sophisticated than the small-scale wings. Design of the
large wings required that the canopies have adequate structure in
the direction of primary loads, where the load path direction
changed appreciably with geometry changes in the wing during the
deployment process. Also, these large wings with their asymmetric
planforms presented problems in controlling canopy fabric during
initial deployment. Indeed, parawing canopy structural problems
and deployment damage were the only major problems encountered
in the intermediate-scale test program. These problems manifested
themselves in the single keel parawing specimen early in the test
program. The single keel structural problems, coupled with the
demonstrated higher gliding performance potential of the twin keel
parawing, were the bases for discontinuing further testing with
single keel parawings beyond the initial two tests., Later in the
test program similar structural problems were encountered with
the twin keel parawing specimen. A number of significant struc-
tural modifications were carried out on the twin keel wing to
overcome these problems. The structural modifications included
the addition of ten leading edge suspension lines, reinforcement
of certain critically loaded areas in the canopy, and the addition
of ripstop tape networks to the canopy. These structural modifi-
cations are described in detail in the section on INTERMEDIATE-
SCALE PARAWING TEST SPECIMENS.

The reefing systems used on the intermediate-scale parawings,
both single keel and twin keel, were essentially the same 4-stage,
lobe~type reefing systems developed and flight tested in the small-
scale parawing program (see Reference 1l). These reefing systems

10
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had demonstrated in small-scale parawing testing, the feasibility
of maintaining deployment loads at or near the 3.0 G load factor
level. Some relatively minor changes were made to the twin keel
reefing system in the course of intermediate-scale parawing test-
ing. One such change was the addition of reefing to the center
section nose area of the wing. Details of the intermediate-scale
parawing reefing systems are presented in the section on INTER-
MEDIATE-SCALE PARAWING TEST SPECIMENS.

INTERMEDIATE~-SCALE PARAWING TEST SYSTEMS

SYSTEM DESCRIPTIONS

Bomb-Tyre Test Vehicle System

The flight test system consisted of a parawing test specimen
and an instrumented, bomb-type test vehicle. Figure 1 illustrates
the parawing/bomb vehicle fiight test system in the gliding flight
configuration. This figure shows the major dimensions of the test
vehicle and the location of the suspension lines that were used to
control the angle of attack of the parawing and the system flight
direction. The parawing shown in the illustration is a twin keel
model. The same test vehicle was used for single keel parawing
deployment tests.

Reference dimensions for the parawings were as follows:

Twin keel models:

zT/zK = 0,603, zT = 43,4 £t for all tests except 207T;
zT/zK = 0.650, LT = 46.8 ft for Test 207T,
zRK/zK = 0.954, zRK = 68.7 ft for all tests.
Single keel models:
zT/zK = 0.781, zT = 59,4 £t for all tests,
zRK/EK = 0.865, zRK = 65.8 ft for all tests.

11
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Rear keel line ( lRK)

Tip line ( ,(T)

NOTE: Drawing not to scale

59,0 in dia

140,0 in
37.0 in dia

Side view of parawing/bomb-test-vehicle flight test system
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Other sections of this report contain more detailed descrip-
tions of the parawing test specimens, the bomb-type test vehicle
and the interface between the parawing test specimen and the test
vehicle.

Controllable Test Vehicle System

Figures 2 and 3 illustrate the parawing/controllable test
vehicle system., The flight test system for the controllable ve-
hicle tests consisted of a parawing test specimen and an instru-
mented, controllable test vehicle. Only twin keel parawing models
were flown with the controllable test vehicle. Figure 2 gives
the major dimensions of the test vehicle and the reference dimen-
sions of the parawing test specimens flown with the controllable
test vehicle. Figure 3 illustrates the positions of the control
lines employed during the flight tests. Turn control was accom-
plished by retracting or extending control lines which changed
the length of the tip suspension lines. The length of each tip
suspension line could be controlled within limits. This allowed
control of the average length of the two tip suspension lines and
also the difference in length between the two tip suspension lines.
Differences in the length of the tip suspension lines were used
for turn control. Turns were made in the direction of the shorter
tip suspension line. The two rear keel suspension lines were
bridled and their length controlled by a single control cable.
Detailed descriptions of the parawing test specimens, the control-
lable test vehicle and the interface between the parawing and the
test vehicle are provided in other sections of this report.

13
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Rear keel line (IRK)

Tip line (,(.r)

NOTE: Drawing not to scale

Reference Dimensions

Ly = dgy =065 Lyg=46.81t
gy, = 0.954 [ = 68,69 ft
S,,, = 4000 sgq ft

= e TN Ei“ "

e —————
Boom a.ngle |' 122 in—.l
of incidence

N 6 deg

Figure 2. Side view of parawing/controllable-test-vehicle test system
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Left tip control line

Figure 3,

Extensible boom
instrumentation

Rear keel control line

Right tip control line

NOTE: Drawing not to scale

Rear quarter view from above the parawing/controllable
test vehicle system
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REEFING SEQUENCES

General

The basic reefing sequences used in the intermediate-scale
parawing program were developed in the small-scale parawing pro-
gram. Both the twin keel and the single keel parawing reefing
sequences had been developed with the objective of maintaining
peak opening loads during deployment at or below 3 G's. The reef-
ing systems served to accomplish this objective by allowing the
drag area of the system to increase in discrete steps.

A number of different reefing schemes for varying the drag
area in a step-wise manner were evaluated in LRC wind tunnel tests,
early in the small-scale program. Reference 1 describes the
various reefing systems evaluated. The most promising reefing sys-
tems from this initial evaluation, one each for the single keel
and the twin keel parawing models, were subsequently tested and
suitably modified in aerial drop tests conducted at E1 Mirage Dryv
Lake, California (2 tests) and at the DOD Joint Parachute Test
Facility, El Centro, California (16 tests). The resulting reefing
systems were incorporated in the design of the intermediate-scale
sinale keel and twin keel varawings. A latter section of this re-

pcrt provides detailed descriptions of these reefing systems.

Both of the intermediate-scale, single keel narawing tests
were conducted with the same reefing sequence. In the intermediate-
scale, twin keel parawing tests, some modifications were made to
the reefing sequence originally developed in the small-scale pro-
gram. The following pages describe the reefing sequences tested
in the intermediate-scale parawing program.

Twin Keel Parawing Reefing Sequence

The twin keel parawing reefing sequence consisted of four
stages cf reefing, followed by the gliding configuration stage.
The following paragraphs provide a stage-by-stage description of
the reefing sequence.

16




Stage 1. - The wing surface was reefed into three lobes by use
of a separate reefing line around the periphery of each section of
the ving (i.e., the center and the two outboard sections), and by
gathering the wing trailing edges with a separate reefing line.
For those tests in which nose reefing was emploved, the center
section nose area of the wing was also gathered with a separate
reefing line. Suspension lines were foreshortened to the length
of the tip suspension lines, the shortest suspension lines on the
wing. This was done to: (a) align the inlets to the three lobes
in a plane perpendicular to the air stream; (b) eliminate loose
suspension lines and their possible entanglement during the deploy-
ment process; (<) prevent abrasion damage of keel suspension lines
against the skirt reinforcing band; and (d) provide a more uniform

suspension line loading.

buring stage 1, the parawing inflated to a three-lobed, bal-
loon shape. Figure 4 shows a view looking up into the canopy
with the wing fully inflated in the first reefed stage. As shown,
three air inlets -- one for each lobe -- are formed by the reefing
lines around the leading edges, the keels, and the trailing edges.
In this stage the parawing performed basically as a ballistic drag
device, similar to a parachute.

Stage 2. - To establish stage 2, the reefing lines on the peri-
phery of the outboard sections of the wing were severed. All
other reefing lines remained intact. The parawing inflated to
the planform shape shown in Figure 4. Note that the center lobe
maintained its balloon-like shape between the more fully inflated
outboard lobes. During this stage the wing continued to perform
basically as a ballistic drag device.

Stage 3. - To establish stage 3, the reefing line on the peri-
phery of the center section of the wing was severed. The wing
planform for this stage is shown in Figure 4. Two planforms are
illustrated, one with and one without reefing of the center sec-
tion nose area of the wing. During this stage the wing began
gliding in a rearward direction.

17
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Stage 4. - To achieve stage 4, the trailing edge gathering line,
and if used, the nose gathering line were severed. For this stage
all reefing lines were removed and the wing inflated to the plan-
form shown in Figure 4. The wing underwent a transition to for-
ward gliding flight during this stage.

Full open. - The suspension lines were released to their glid-
ing flight lengths, and the wing made a transition to the gliding
flight planform shown in Figure 4.

Single Keel Parawing Reefing Sequence

The single keel parawing reefing sequence consisted of four
stages of reefing, followed by the gliding configuration stage.
The following paragraphs provide a stage-by-stage description of
the reefing sequence.

Stage 1. - The wing surface was reefed into two lobes by reef-
ing lines routed around the leading edge and trailing edge of each
section, and by separate reefing lines which gathered the keel and
the trailing edges of the wing. Suspension lines were foreshort-
ened to the length of the tip suspension lines, for the reasons
previously identified in the description of the twin keel reefing

sequence.

During stage 1, the parawing inflated to a two-lobed, balloon
shape. Figure 5 shows a view looking up into the canopy with the
wing fully inflated in the first reefed stage. As shown, two
lobes were formed with the gathered keel serving as a partition
between the lobes. In this stage the parawing performed basicallv
as a ballistic drag device, similar to a parachute.

Stage 2. - To establish stage 2, the reefing lines around the
leading edge and trailing edge of each lobe were released, so that
the leading edges were allowed to fully inflate. Figure 5 shows
a planform view (from below) of the canopy in this stage. During
this stage the wing continued to perform basically as a ballistic

drag device.
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Stage 3. - To achieve stage 3, the keel gathering line was
severed. Figure 5 shows the planform for this stage. During

this stage the wing began gliding in a rearward direction.

Stage 4. - For stage 4, the trailing edge gathering line was
severed, removing all reefing lines from the wing. A transition
to forward gliding flight occurred during this stage. The wvlan-
form for this stage is shown in Figure 5.

Full open. - The suspension lines were released to their glid-
ing flight lengths, and the wing made a transition to the gliding
flight planform shown in Figure 5.

INTERMEDIATE-SCALE TEST SEQUENCES

LAUNCH AIRCRAFT

Two types of aircraft we:e used for the bomb-type vehicle
tests. These were the C-119 and the C-130. For the controllable
vehicle tests, only the C-119 aircraft was used.

PARAWING DEPLOYMENT SYSTEM AND TEST SEQUENCE

Bomb-Type Test Vehicle

For purposes of discussion in this section of the report, the
deployment system is defined as all the equipment used from air-
craft launch of the test system until the parawing-test-specimen-
line-stretch event. Figure 6 shows a typical test sequence with
the bomb-type test vehicle and illustrates the various components
in the deployment system. For launch from the aircraft, the bomb-
type test vehicle was initially mounted on a platform. The plat-
form was a standard, cargo-delivery platform, sized to fit the
rollers and guide rails on the floor of the aircraft. Launch of
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ATTACHED WITH RESTRAINT WEBBINGS —

PULLED FROM C.130 A/C BY EXTRAC-
TION PARACHUTE, CUTTER CHUTE
STATIC LINKE DEPLOYED, TEST
VEHICLE UMBILICAL PLUG IS REMOVED
BY HAND 0,5 TO 3 MINUTES BEFORE
LAUNCH,

PLATFORM TO TEST
VEHICLE RESTRAINT
WEBBING

2, CUTTER CHUTE KNIVES SEVER VEHI-
CLE RESTRAINT WEBBINGS. VEHICLE
AND PLATFORM SEPARATE, VEHICLE

ARMING LANYARDS PULLED BY PLAT-  CUTTER PARACHUTE

TORM. LANYARD PULL ACTUATES
FLASHBULB IGNITION TO MARK TIME
0, ACTUATES TIMER FOR PROGRAM
CHUTE DISCONNECT, AND ACTUATES
TIMER FOR STEP RELEASE FUNCTION, A
PROGRAM CHUTE STATIC LINE ATTACHED
TO PLATFORM. CAMERA STARTS.

FLASHBULBS

CUTTER PARACHUTE

EXTRACTION PARACHUTE :

EXTRACTION
PARACHUTE

PROGRAMMER PILOT CHUTL
STATIC LINE

TEST VEHICLE

ARMING LANYARDS

PROGRAM CHUTE

PILOT CHUTE
4, PROGRAM CHUTE
DISCONNECTED
PILOT CHUTE
EXTRACTION
A 4 INITIATED.
/ ~

5. PARAWING LINE
STRETCH, REEFING

CUTTERS ARMED, -
R
6, PARAWING FIRST
STAGE DISREEF
_\ ~
PY.CN

8, PARAWING THIRD

STAGE DISREEF
”?. PARAWING STEP
RELEASE

10, PARAWING STEADY
STATE DESCENT

Figure 6.
of bomb-type test vehicle
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the test system from the drop aircraft was initiated by deploying
an extraction parachute to the rear of the aircraft. This para-
chute in turn pulled the platform with the attached bomb-type test
vehicle from the aircraft. As the bomb and platform moved away
from the aircraft, another parachute, called the cutter chute,

was static line deployed. This parachute was used to sever the
lashings which held the bomb to the platform.

After the bomb restraint lashings were cut, the extraction
parachute pulled the platform away from the bomb. As the bomb
separated from the platform, a static line from the platform de-
ployed a pilot chute which in turn deployed the programmer para-
chute. The function of the programmer parachute was to establish
the proper dynamic pressure and flight path angle, prior to de-
ployment of the parawing test specimen. After a predetermined
length of programmer parachute operating time, the programmer para-
chute was released and used to deploy the parawing oilot chute.

The pilot chute in turn extracted the parawing pack from the aft
section of the bomb-type vehicle and deployed the marawing from its
deployment bag. At this point in the sequence the parawing began
the reefing sequence previously described. The time interval for
each stage of the reefing sequence was controlled by nvrotechnic,
reefing-line cutters. These cutters had a time-delav powder train
which was lanyard initiated at parawing line stretch. At the end
of the fixed time delay, the powder train ignited an explosive
charge which actuated the reefing-line-cutter blade. Upon comole-
tion of the deployment sequence, the parawing/bomb vehicle system
made an uncontrolled gliding descent.

During the flight, test data were telemetered from on-board
instrumentation to a ground receivirg station. Also, camera cov-
erage and photo-theodolite data were obtained. A description of
the data obtained during the flight is presented in APPFENDICES A
and B.
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Controllable, Sled-Type Test Vehicle

Figure 7 illustrates a typical sequence with the controllable
test vehicle. The vehicle was carried in the launch aircraft on
‘ an inclined ramp. Launch of the vehicle was initiated by release
; of the shackles which held the test vehicle to the launch ramp.
Releasing the shackle allowed the test vehicle to slide down the
inclined ramp and out of the aircraft. As the test vehicle sepa-
rated from the aircraft, a static lin2 deployed a prcgrammer para-
chute. As with the bomb-type vehicle tests, the purpose of the

%

programmer parachute was to establish the proper conditions for
deployment of the parawing test specimen. After a predetermined

G kA

period of time the programmer parachute was disconnected from the

Y

test vehicle and used to deploy the parawing pilot chute. The
3 pilot chute in turn lifted the parawing pack off the test vehicle
upper deck and deployed the parawing test specimen from its deploy-

e g 7

ment bag. The parawing then proceeded through the previously de-
scribed reefing sequence until the fully inflated, gliding-flight

e

configuration was established.

The parawing/test vehicle system was then put through a series
of maneuvers which involved changes in the lengths of the rear-
keel-suspension-lines and the tip-suspension-lines. These maneu-

B T

vers were performed to obtain data on flight performance during
straight and turning flight. Flight test data from on-board in-
strumentation were telemetered to a ground receiving station during
i the flight. Motion picture coverage and photo-theodolite tracking
data were also obtained.

More complete information on the data obtained during the
flight is presented in APPENDICES A and B.

24




RN

fm damTe kw e

© A% ——

o v ———

e e -

], RAMP WITH TEST VEHICLE MOUNTED IN

C119 A/C. PROGRAM CHUTE STATIC /
LINE DEPLOYED, TEST VEHICLE J

UMBILICAL PLUG IS REMOVED BY HAND
0.5 TO 3 MINUTES BEFORE LAUNCH,

ARMING LANYARD PULLED AT LAUNCH.
SEQUENCE TIMERS START. STATIC LINE

PROGRAM PARACHUTE

2. PROGRAM CHUTE DEPLOYED BY STATIC
LINE, STATIC LINE

PROGRAM PARACHUTE

PROGRAM CHUTE

2« PROGRAM CHUTE
DEPIOYED

—

PILOT CHUTE

4. PROGRAM CHUTE
DISCONNECTED
LANYARD STARTS
ONBOARD CAMERA,

PILOT CHUTE
A . EXTRAC TION
- 3 INITIATED,
6. PARAWING FIRST
STAGE DISREEF 5, PARAWING LINE
STRETCH, REEFING
; CUTTERS ARMED,

PARAWING SECOND
STAGE DISRELF

~VW-
- A<
d 9. PARAVWING STEP
10. PARAWING STEADY RELEASE
STATE DESCENT

11, TOUCHDOWN

P—o—f

’”n

17

i
8., PARAWING THIRD
STAGE DISREEF

Figure 7. Sequence of events, C-119 aircraft launch of
controllable test vehicle
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INTERMEDIATE-SCALE PARAWING TEST SPECIMENS

GENERAL

The test specimens used in the intermediate-scale aerial drop
test program consisted of seven versions of the twin keel parawing
and one version of the single keel parawing. Early in the test
program the single keel parawing was eliminated from further test-
ing, due to canopy structural problems plus the demonst:rated,
higher gliding performance potential of the twin keel parawing.
Changes to the twin keel parawing were mainly structural improve=-
ments to the canopy. In addition, functional and structural im-
provements were made to the reefing system and some minor changes
made in suspension line lengths.

STRUCTURAL ARRANGEMENT

Basic canopy structures for the sirgle and the twin keel
parawincs were similar in design. The canopies were constructed
of 2.25 ounce per square yard; low permeability, nylon sailcloth,
with the warp running parailel to the winc trailing edges. Main
structural canopy seams .ere laid parallel to the trailing edges
of the winj, joining leading edge suspension line or reefing ring
attachment points with adjacent keel line attachment points. These
seams were reinforced with layers of nylon tape as required. All
the outer edges and the keels of the canopies wer~ reinforeced with
multiple layers of the nylon tape. Highly stressed areas, such
as the suspension line and reefing ring attachments, were rein-
forced with semicircular or eliptical chaved, load-distribution
patches fabricated from the same basic canopy material. Where
necessary, additional patch reinforcement was provided by overlaid
radial taves.
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Twin Keel Parawing

The planform and structural arrangement for the seven versions
of the twin keel parawing are shown in Figures 8 through 13. Ver-
sion I, as shown in Figure 10, was the basic version from which
all other versions were created by modification. Version I had a
total of forty-two suspension lines; six lines equally svaced
along each leading edge, twelve lines located along each keel and
three lines spaced along the trailing edge of each outer section.
The Version II model was .dentical to Version I, except for tip
suspension lines L6 and R6, which were made 40.6 inches longer in
order to provide a complete range of tip-control-line travel when
used with the controllable test vehicle.

The Version III model shown in Figure 11 was identical to
Version II, except for the addition of five leading edge suspen-
sion lines to each outer section, larger semicircular load distri-
bution patches at leac. ~r-edgz-line-attachment locations 2-1/2
through 4-1/2 and four longitudinal ripstop tapes sewn on each
outer section. Version IV shown in Fiqure 12 was identical to
Version II, except for the addition of five suspension lines to
the leading edge of each outer section, five longitudinal ripstop
tapes added to the wing center s2ction, sixteen diagonal ripstop
tapes added to each outer section and load distribution patches
added at leading-edge-line-attachment locations 3, 3-1/2 and 4.
Versiui: V was identical to Version IV, except for 40.6 inches
shorter tip suspension lines L6 and R6 on the Version V. Version
VI shown in Figure 13 was identical to Version IV, except that
the outer section radial tapes on the LK1 and RKl reinf-rcing
patches were lengthened to terminate at the intersections of two
diagonal ripstop tapes. Version VII was identical to Version VI,
excaept for 40.6 inches shorter tip suspension lines L6 and R6 on
Version VII. The suspension line lengths and strengths for all

versions are given . 1 Table 2.
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Figure 10. Structural diagram for twin keel parawing,
Versions I and II
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Figure 11. Structural diagram for twin keel parawing, Version III
(identical with Versions I and II, except as noted above)
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TABLE 2,

-TWIN KEEL PARAWING SUSPENSION LINE

DESIGN LENGTHS & RATED STRENGTHS

Version 1 Version I Versions LIV & VI Versions V & VII
Suﬁz“:":;?n Design {a)) Rated [Design (a)) Rated |Do-apn (4)f Rated  [Design (a)  Rated
length, | strength, length, | strength, | length, | strength,| length, | strength,

in lbs in Ibs in lbs n Ibs

R1 & L1 803. 5 5500 803, 5 5500 803, 5 5500 803. 5 5500
R11/2& L1 1/2 796, 6 3500 796, 6 3500
'R . L2 780, 2 5500 786, 2 5500 786. 2 5500 786, 2 5500
R21/2& L21/)2 T77.6 4500 777. 6 4500
R3 & L3 769, 0 10, 000 769, 0 10, 000 769. 0 5500 769, 0 5500
R3 1/¢& L21/2 747. 4 1500 747.4 | 4500
R4 & L4 730, 1 5500 730. 1 5500 730, 1 5500 730. 1 5500
Ri1/2& L41)2 699, 8 3500 699, 8 3500
R5 & L5 673.9 5500 673.9 5500 673.9 5,00 673.9 5500
R51/28 L51/e 636, 8 3500 636. 8 3500
R6 & L6 521.0 5300 561, 6 5500 561, 6 5500 521, 0 5500
RK1 & LKI 842, 4 4500 842, 4 4500 842, 4 4500 832, 4 1500
RKZ & LK2 855, 4 4500 855.4 4500 855, 4 4500 gut, 4 4500
RK3 & LK3 851, 0 4500 851, 0 4500 851. 0 4500 851, 0 1500
RK4 & LK4 842, 4 4500 842. 4 4500 842, 4 4500 842, 14500
RK5 & LK5 842. 4 1500 842, 4 1500 842, 4 1500 842, 4500
RK6 & LK6 842, 4 4500 842, 4 4500 842, 4 1500 842, 4 4500
RK7 & LK7 833.8 4500 $33. 8 1500 833.8 4500 833.8 14500
RK8 & LK3 833.% 4500 833, 8 1500 833, 8 4500 8338 4500
RK? & LK9 829, 4 4500 829, 4 1500 829, 4 4500 829, 2 4500
RK10 & LK10 820, 8 4500 820, 8 4500 820, 8 1500 820. 8 4500
RE11 & LK1l 505, 5 4500 803. 5 1500 803. 5 4500 803.5 4500
RKI1Z2 & LKI12 758, 9 5500 758. 9 5500 758, 9 5500 758, 9 5500
RTI & LTI 925, 0 3500 925, 0 3500 925, 0 3500 025, 9 3500
RTZ2 & LT 9.5, 0 3600 925, 0 3500 425, 0 3500 925, 0 3500
RT3 & LT3 808, 0 3500 808. 0 3500 808, 0 3500 808, 0 3500
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extension riser 65,4 inches long.

a skirt band attachment to riser leg connector link,
except for RK12 and LKI12 which were attached to an

The lengths of

RK12 and LKI12 from the skirt band attachment to the
riser leg connector links where all other suspension
lines were attached was 824, 3 inches.

.

e pAa R« v



)

Single Keel Parawing

The planform and structural arrangement for the single keel
parawing are shown in Figures 14 and 15, respectively. The sin-
gle keel parawing had a total of thirty-two suspension lines, six
lines equally spaced along each leading edge, twelve lines spaced
along the keel and four lines equally spaced along each trailing
edge. The length and strength of each suspension line are given
in Table 3.

RIGGING ARRANGEMENT

The parawing was attached to the test vehicle with four risers
located as shown in Figure 16. Each riser was attached to a group
of suspension lines with a connector link. Multiple riser legs
were used where necessary to accommodate a large number of lines.
The number of riser legs at each attachment location is identified
in Figures 17, 18 and 19. The suspension-line-to-riser arrange-
ments are shown in Figures 20, 21, 22 and 23. To provide for the
equal-suspension-line length parawing configuration regquired dur-
ing the reefed phase of deployment, each suspension line was pro-
vided with a by-pass loop located equidistant from the canopy
skirt. These loops were attached to the swing-arm release fittings
located at the main fore and aft attach points. The excess length
of each suspension line in the deployment configuration was stowed
in individual sleeves attached to the suspension line above the
by-pass loop. These stowed line segments were deployed ~ollowing
the line-transfer event. The parawing attachment arrangements to
the test vehicle during the deployment phase and during the gliding
flight phase are shown in Figures 24 and 25, respectively.
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TABLE 3.-SINGLE KEEL PARAWING SUSPENSION LINE DESIGN
LENGTHS AND RATED STRENGTHS

e v e

38

Suspension Design Rated
line no. length (a) strength
in N 1bs
Rl & L1 986. 6 6000
R2 & L2 939, 2 6000
R3 & L3 899, 4 10000
R4 & L4 834,8 6000
R5 & L5 791, 9 6000
R6 & L6 711, 5 6000 o
K1 948, 7 w00 |
K2 969. 6 4500
K3 979, 0 4500
K4 960, 1 4500
K5 937.3 4500
Ké 929, 7 4500
K7 929, 7 5500
K8 929, 7 5500
K9 929.7 5500
K10 916, 1 5500
K11 847.5 5500
K12 787, 4 5500
RT1 & LTI 993, 0 3500
RT2 & LT2 1040, £ 3200
RT3 & LT3 1005, 6 3509
RT4 & LT4 853, 8 3500

(a)skirt band attachment to riser leg connector link
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Figure 17, Riser arrangement for twin keel parawing, Versions I & II
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Figure 20, Suspension line/riserattachment arrangement for
twin keel parawing, Versionl
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Figure 21. Suspension line/riser attachment arrangement
for twin keel parawing, Version II
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Figure 22, Suspension line/riser attachment arrangement for
twin keel parawing, Versions III, IV, V, VI, and VII
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Figure 23, Suspension line/riser attachment
arrangement for single keel parawing,
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Figure 24, Intermediate-scale parawing deck attachment
arrangemer.t before line transfer

47

S — s m—— s wp YRS R AT T A

o, G A e AT B ek 40 S e

[T R

o vt P——————y— ——



NORTHROP !
NOTE: All dimensions in inches

Dimensions in paranthesis for
controllable test vehicle only

Parawing canopy
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Control cable
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|
»~Aft riser
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Figure 25. Intermediate-scale parawing deck attachment

arrangement after line transfer
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REEFING SYSTEM

Twin Keel Parawing

The basic reefing system for the twin keel parawing, desig-
nated reefing system A, was the four-staqge system defined in Figure
26. The first-stage reefing system consisted of a separate line
for reefing each outer lobe. Each reefing line was connected to
a keel becket forward of K12, passed through all the outboard,
keel reefing rings, the leading edge reefing rings and terminated
at a connector loop located at K12. The connector looop nassed
through a reefing cutter and reefing ring at RK12 and at LK1l2.

At cutter initiation the connector locp was severed, providing
simultaneous disreef of both outer lobes.

The second-stage reefing system consisted of reefing the cen-
ter lobe with ore reefing line. The line was attached to a keel
becket located forward of LK12, passed through all the left in-

Pt

hoard keel reefing rings, nose reefing rings and the right inboard
keel reefing rings. The end of the line was attached to a becket
located forward of RK12. The line also passed through two, second
stage, reefing cutters at RK2.

The third-stage reefing system consisted of a single reefing
line used to gather the wing trailing edges. Each end of the line
was attached to a becket located at L6 and at R6. The line was
passed through all the trailing edge reefing rings and the third
stage reefing cutcers located at RK12 and LK12.

The fourth-stage reefing system was the aforementioned and
described equalization of the suspension line lengths to the
length of the tip lines. Although not a conventional reefing svs-
tem arrangement, the line equalization was a separate stage in
the deployment process and is, for nurposes of this diccussion,

identified as a separate reefing stage. Initiation of deck mounted,
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Figure 26, Reefing system A, twin keel parawing ‘
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pyrotechnic operated, swing-arm disconnects released the suspension
line by-pass loons, deploved the stowed suspension line lengths
and allowed the wing to assume a gliding flight configuration.

Reefing system A was improved by adding a separate third stage
nose reefing line to reduce third stage loads and reduce localized
loads in the center section of the wing, particularlv in the nose
area. The first stage connector looo was routed through the reef-
ing rings located at L6 and at R6 to eliminate possible hangup of
the first stage reefing line at L6 and R6. This system was desig-
nated reefing system B and is identified in Figure 27.

Further improvement was made to the third stage reefing svs-
tem by relocating the trailing edge reefing cutters at the tip
susvension line locations L6 and R6. The reefing cutters in their
original location could move relative to the trailing edge gather-
ing line, causing possible abrasion of this line. The original
reefing cutter location also required that the cutters be capable
of severing two thicknecses of the line, due to the oroximityv of
the reefing line eye splice to the cutter hole. With the third-
stage reefing cutters relocated in the reefing-line eve splice
at the wing tips, onlv one thickness of line was cut by each reef-
ing line cutter. This permitted use of a stronger trailing-edge-
gathering line. Also, the abrasion problem of gathering line
against reefing cutter was eliminated with the cutters secured to
each end of the gathering line. The reefing system which incorvor-
ated this third stage chanég.was designated reefing system C and

is identified in Figure 28.

Single Keel Parawing

The single keel parawing used a four-stage reefing system,
as shown in Figure 29. The first stage reefing svstem consisted
of a separate reefing line for each of the two lobes of the can-
opy. FEach line was connected to the reefing ring at Kl, vassed
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Figure 27. Reefing system B, twin keel parawing
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NORTHROP

through all the leading-edge reefing rings and terminated at a
connector loop located at Kl2. The connector loop passed through
two reefing line cutters and the reefing ring at Kl12. At reefing
cutter initiation, the connector loop was severed, providing simul-
taneous disreef of both lobes.

The second-stage reefing system consisted of a single reefing
line used to gather the keel between K1 and K12, The reefing line
was connected to a snubber loop on the left side of the keel at
K11l and passed through all the reefing rings on the left side for-
ward through K1 and then back through the keel reefing rings on
the right side to a second snubber loop at Kll. Each snubber loop
was connected to its respective keel becket. These beckets were
both located between K1l and K12 on the keel. Both snubber loops
passed through two reefing cutters located at Kll. At cutter ini-
tiation both snubber loops were severed, freeing both ends of the

e

keel reefing line.

The third-stage reefing system consisted of one reefing line
used to gather the trailing edges of the canopy. Each end of the
line was attached to a tip becket at L6 and at R6 and passed
through all the trailing-edge reefing rings, including two reefing
cutters at Kl2. At cutter initiation the reefing line was severed

in the center of the line, allowing the aft section of the wing to

open and inflate.

o WEbale o

As with the twin keel parawing, the fourth-stage reefing svs-
tem was the suspension-line-length-equalization arrangement. Ini-
tiation of deck mounted, pyrotechnic operated, swing-arm disconnects
released the suspension line by-pass looos, deploved the stowed
suspension line lengths and allowed the wing to assume a gliding

flight configuration.
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SUMMARY OF INTERMEDIATE-SCALE AERIAL DROP TESTS

APPENDIX C presents a detailed description of each of the
twenty aerial drop tests conducted with intermediate-scale para-
wings. The descriptions are arranged in chronological order of
test. Each test description includes the primary objective of
the test, test parawing identification, test vehicle identifica-
tion and system weight, actual versus planned conditions at para-
wing deployment and significant measured performance. The test
descriptions also include unusual or questionaple occurrences,
test anomalies, descriptions of failures and parawing damage,
plus the results of failure analyses, in terms of conclusions and
recommended corrective actions.

Of the twenty intermediate-scale parawing tests, eighteen
tests were flown with twin keel parawing specimens and two tests
were flown with single keel parawing specimens. Of the eighteen
twin keel parawing tests, twelve tests were conducted with a bomb
test vehicle with fixed rigging on the parawing; the remaining six
twin keel parawing tests were conducted with a controllable test

vehicle. Both single keel parawing tests were flown on a bomb test

vehicle with fixed rigging on the parawing. Table 4 provides a
summary of the intermediate scale parawing tests, and includes the
test sequence, test number, parawing and test vehicle identifica-

tion, primary test objective, planned and actual test conditions,
and test comments.
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TEST RESULTS AND ANALYSIS

DEPLOYMENT PHASE

Opening Loads

Riser loads were measured in each of the twenty intermediate-
scale parawing, aerial drop tests. Figures 30 through 69 present
total parawing load time histories and total parawing load divided
by dynamic pressure time histories during the deploymeii: phase for
all tests that were conducted. Total parawing load was calculated
by summing all riser-load-link measurements and multiplying by the
ratio of descent weight to su-pended weight. Multiplying by this
ratio corrects the measured riser loads to loads that were devel-
oped in the parawing. The total load/dynamic pressure plots were
developed by dividing the total parawing load at each time point
by the wind corrected dynamic pressure. The wind correction was
made by subtracting the horizontal velocity component, as measured
by ASKANIA at first-stage disreef, from each measured total veloc-
ity datum point to determine true air velocity. This velocity was
then used to calculate dynamic pressure. The correction is based
on the assumption that the ASKANIA measured horizontal velocity at
first stage disreef was due to wind, and that tinis velocity compo-
nent would be essentially zero under a no-wind condition.

All of the plots are annotated to show the times of the line
stretch event, the first-, second- and third-stage disreef events
and the line transfer event. During Test 251T, the right- and
forward-riser load transducers did not function. Therefore, the
load data presented for this test are based on left- and aft-riser
loads only and are not representative. In general, Figures 30
through 69 present all total load and total load/dynamic pressure
data obtained, regardless of anomalies or, in some cases, struc-
tural failure of the parawing. Subsequent analysis of the data
to obtain load factors, reference areas, fill rates, etc., did not

include those data obtained during unusual circumstances.
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Table 5 presents a summary of the deployment data obtained
during the intermediate~-scal2: test program. The table lists the
following information for each test:

a. Descent weight, WD, wnd suspended weight, WS
b. Type and percent reefing
c. Peak deceleration ratio, G, at line s.retch and during

each stage, calculated by dividing the peak stage para-
wing load, Fo' by the descent weight

d. Reference area, CRSW’ during each deployment stage. The
values were obtained from the total load/dynamic pressure
plots

e. Dynamic pressure, ¢q, at line stretch, at first, second
and third stace disreef, and at line transfer

f. Identification of anomalies, if any, that occurred during
the test.

As noted in Table 5, the single keel parawings in the two
bomb-type vehicle tests utilized 11.6 and 12.0 percent first-stage
reefing. The twin keel parawings in the bomb-type vehicle tests
utilized 8, 10 and 14 percent first-stage reefing, and the twin
keel parawings in the controllable-vehicle tests utilized 10 per-
cent first-stage reefing. Figure 70 presents a plot of first-stage
reference area, CRSW, versus percent reefing for all twin keel
parawing tests, except for Tests 206T, 208T, 211T and 251T. These
tests were not included for the reasons noted in Table 5. The
curve showr in Figure 70 is drawn through the average CRSW value
for the bomb-type vehicle tests, at each reefing pertentage. The
average CRSW value for 8 percent reefing is 295 ftz. For 10 and
14 percent reefing these values are 355 and 400 ft2, respectively.
The CRSW values for the controllable vehicle tests vary from 280
to 310 ftz, with an average value of 295 ftz. The lower average
CRSW value for these tests, in comparison with the bomb-type ve-
hicle tests, is attributed to the wake produced by the controllable

test vehicle.
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Figure 71 presents a plot of first-stage resultant force
coefficient versus percent reefing for the twin keel parawing
intermediate-scale free flight tests, small-scale free flight ;
tests and small-scale wind tunnel tests. Test points shown for '
the intermediate-scale bomb and controllable vehicle free flight
tests are the same as those presented in Figure 70, with a solid
line fairing through the bomb-type vehicle test data. The dashed
line curve shown in Figure 71 is faired through the small-scale
bomb-type vehicle test data that extend from about 15 through 22
percent reefing. The curve for the small-scale wind tunnel tests

-

extends from about 10 through 22 percent reefing and was taken
from Reference 1. Comparison of the three curves shows that the
first-stage resultant force coefficient data were reasonably con-
sistent in the three different phases of testing.

2
§

g The peak deceleration ratio, G, for each reefing stage of
‘ each test, as presented in Table 5, is plotted in Figure 72.
Review of Figure 72 shows:

a. The G values for first stage range between 3.0 and 4.C
cor tests _.onducted at the higher line stretch dynamic
pressures. The G value of 5.39 for Test 203T appears
abnormally high when compared with other tests cénducted
at similar conditions.

’ b. Second-stage G values are about 3.0 or less, except for
| : the two tests conducted at 8 p=2rcent reefing (209T and
CF 210T) plus Test 204T. The 3.47 value for Test 204T ap-
" pears high.

e Two third-stage G values were over 4.0 (Tests 202T and
205T); all others were less than 3.3. Both Tests 202T
and 205T utilized reefing Version A where the nose was
not reefed. Reefing Version A allowed the third stage
to inflate to a larger reference area than for reefing

f@ Versions B and C where the nose was reefed.
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d. All tests that used reefing Version A (larger third
stage reference area) developed fourth-stage loads that
were less than 2.0 G's. Tests that utilized reefing
Versions B or C developed larger loads, but these loads
were less than 3 G's in all cases.

e. All full-open loads were less than 3 G's.

Thus, it may be concluded that the first-stage G walues were
limited to a maximum of 4 G's with 10 percent reefing and deploy-
ment dynamic pressures of 76 psf or less. Second-stage G values
were about 3.0 G's or less, except for Test 204T and for tests
where 8 percent reefing was used (8 percent reefing resulted in
higher dynamic pressure at first-stage disreef). For tests where
nose reefing was used, all third-stage G values were less than 3.3
G's. Fcurth-stage and full-open G values were less than 3.0 in
all tests.

Figure 73 presents a plot of first-stage peak deceleration
ratio, G, versus dynamic pressure at line stretch for the inter-
mediate-scale bomb tests. The fairings shown in Figure 73 repre-
sent 8, 10 and 14 percent reefing and were drawn through the data
points from tests that were conducted at these reefing percentages

Sl e

on a "best fit" basis. In general, Figure 73 shows that G load
increases with dynamic pressure with each of the reefing percent-
ages used in test. However, the number of tests conducted at the

same reefing percentage and descent weight is considered insuffi-

cient to firmly establish the fairings shown. Previous experience

with parachute-type decelerators indicates that the slopes of the
fairings should decrease with increasing dynamic pressure.

In order to compare the loads data from tests conducted at
various descent weights, reefing ratios and dynamic pressures at
event initiation, an empirical method utilizing the load factor,

Cgr was employed. 1In this empirical method, load factor is defined

as: G W
C =————2——
K (CRSW q
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Peak deceleration ratic, G

w Percent
Test D Reefing
QO 200T 2879 14
600 22T 5034 10 T
AN 202T 3792 10
t
O 203T 3805 14 ;:e‘f’ie:gce“
O 204T 3786 14 o
Y 205T 5031 10
&N 207T 4994 10 /
"4 209T 3811 8 7
A 210T 3813 8 LY 10 percent
reefin
. )g‘//
4 7/ rA)
/ N8 percent
/ / reefing
/ <
3 y v/
°/ /4
p
YA /4
/ //
Va4
1 /
0 20 40 60 80 100
Dynamic pressure of line stretch, 9 g psf
Figure 73, First-stage peak decelecation ratio versus dynamic

pressure at line stretch
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This factor relates the peak total parawing load, G WD’ for each
stage to ta. reference area, CRSW' and the dynamic pressure, q,

at the start of the reefing stage under consideration., The load
factor, CK’ is the ratio of the actual peak force during an open-
ing process to the force that wculd have Leen generated, had there
been no velocity decay during the opening process and had the force
been equal only to the product of reference area and dynamic pres-
sure. The load factor also includes the effect of velocity decay
during the or ning process and the dynamics of the opening process.,

The data required to calculate load factor for each test are
presented in able 5. The load factors computed from these data
are tabulated in Table 6. Inherent limitations in ASKANIA photo-
theodolite measurements of space position, velocity, and accelera-
tion during periods of rapid velocity change make computations of
reference area difficult. Therefore, in the calculation of CK'
average reference areas, (C.S,,) E’ based on the results of all

D™W AV
applicable tests of the same reefing configuration, were used.

v o

In addition to load factors, Table 6 presents a summary of these

; average reference areas and canopy loadings, WD/(CDSW) for each ;

AVE'
test. Data from tests where structural failures or anomalies oc-

e

curred during deployment are not included. First stage (CRSW)AVE
values were calculated for the twin-keel parawing, bomb-type ve-
¥ hicle tests at each reefing ratio. Since only one reefing ratio

,w
N SR

(10 percent) was used for the controllable vehicle tests, the aver-
age C.S. value shown is based on all tests of this type. Since
second-stage reefing was essentially the same for all twin keel
parawing tests, the average reference area shown is an average from
all tests. Third-stage values were calculated in two groups --
t»sts that utilized nose reefing, and tests that did not. Average
retzrence areas for the fourth stage and for the full-ope.: stage
were calculated by using all intermediate-scale, twin keel parawing
test data.
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TABLE 6, - SUMMARY OF REFiLRENCE AREA, LOAD FACTOR
AND CANOPY LOADING DATA
Reefing Average reference area, Canopy loading, —!
Load factor, CK
system )
Test , (CrSw) AVE, ft* WD/(CrSW)ivE, 1P%/5e2
version

1
no, st stage 1st |2nd {3cd | ath [Full] 1st | ind |32d | 4th [ Full| Ist | 2nd | 3rd | 4th | Full

reefing,
%

2008 11.7] 300 }1350{2210]|3760]4000}0,696[0. 648{1,285]1,091]1.54849,5612,12]1.30]0,76}0.72
20 | ool lclololololololo o W]

stagelstagelstage|stage|open [stage[stage|stage(stage|open [stage|stage|stage(stage] open

200T A-14 | 400 | 790 2175 (1) | 3245 Jo, 6300, 8. 80. 845] (1) |1.76717,20] 3.64]1.32] (1) [0.88
203T A-14 400 | (D) [ (3 L (1) | (1) Jo.8OY (1) (1) | (1) | (1) Jo.s1] (1) f¢ny [ (1) | (1)
204T A-14 | 400 | 790 121753960 |3245 j0.639]1,714]1, 076}0,901]2. 324 9,46| 4,79]1.75[0.96]1.17

201T | A-10 355 | 790 f2175] (1) | (1) )o,B40}0,9280.590 (1) | (1) fi4,18] 6,37f2.31] (1) | (1)
202T | A-10 | 355 ]| 790 |2175 |3960 {3245 Jo, 611]1. 0331, 589)0. 970J4, 152¥i0, 68] 4. 80| 1. 73]0,96 1,17
205T | A-10 | 355 ]| 790 21753960 3245 o, 706}0, 97 1,598]1, 038 e.":':"..n 6.3702,31]1.27]1.55
208T | A-10 J (1) J () Y p a0y DY J (1) Jay j( (l)éjf T(l) (1 (W jm |
20T | B-10 | 255 | 790 | 1700|3960 3245 J0. 720{1, 090 .9750.91'.'_"._'_331;4.07 6.32)2,94]1,26]1,53
aiir [ Boio |y foav Jioof39e0]3zas| (1) 1 (1) | (1) Jo.736f2.444] (1) | (1) [3.53]1.52]1.85

209T | B-8 205 LY 1y |y | ( Jo,e6d] (1Y} ¢y | (Y| (Y Bz,e2) (1y T (1) )y | (D)
206T | C-8 | (M) 1 (D) (O M@ )@ jmjaayja j)afa)
210T Cc-8 295 | 790 |1700 |3960 | 3245 J0, 672]1, 105]1,287]0, 761|2. 453412, 92| 4.82 | 2.24]|0,96 | 1,18

250T | B-10 [ 295 | 790 | 1700 3960] 3245 b, 95 3|1, 181]1, 472}0. 997]1. 050d1 1, 67] 4. 36| 2. 03] 0.87] 1. 06
251T | B-10 J (1) [ &) L) [ A )y Ja) ) pay ey panpay gy
252T | B-10 | 295 [ 790 [i70c0] 3960|3245 |1, ooofl, o11lt, 107}1. 055|2. 03213, 58] 5. 07 2. 36] 101 | 1,23
253T | c-10 [295 | 790 [1700 3940 [3245 |1, 1731, cas]i, 0691, 0o7la.200f16. 99] 5. 34 [2.95] 1.27]1.54
254T | C-10 295 | (1) |1700|3960 |3245 §:.226] (1) fo. 9700, 017]1. 247k 0. 38] (1) | 3.54]1.52 | 1, 85
255T | c-10 |295 [ 790 [1700 3960 [3245 l1. .31, 0821, us4lt, 1571, 8720, 39} 7. 61| 3. 54| 1.52 | 1, 85

Notes '

(1) Because of struqtural failuze or anomalies during deployment, this test was not used
in calculation of average-refererce area, load factors or canopy loading.
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The load factor (CK) and the canopy loading, WD/(CRSW)AVE’
for each stage and for each intermediate-scale test were presented
in Table 6. The load factor method may be used to predict loads
by using the relation:

Fo = Cx (CrSwave 9¢

provided the relationship between CK and descent weight, reefing
ratio, and dynamic pressure is known. Extensive work with para-
chute-type flexible decelerators has established that a consistent
correlation exists between load factor, unit canopy loading, and
initial dynamic pressure, for a given decelerator configuration.
The general method of presenting this correlation is a plot of
load factor, CK’ versus unit canopy loading, WD/CRSW' with dynamic
pressure (or equivalent velocity) as an independent parameter.
Typical load factor plots for ringsail parachutes are presented in
Reference 2. Figure 74 presents such a plot for the intermediate-
scale parawing first stage. For the bomb-type vehicle tests, con-
stant line-stretch-dynamic-pressure lines from 30 to 100 psf are
shown as solid lines. The controllable vehicle tests were con-
ducted at line-stretch-dynamic-pressure values that varied over a
small range (23.9 to 31.4 psf) or at an average of about 28 psf.

A dashed line for this average value is also shown in the plot.
This dashed line is independent of the solid lines and pertains
only to the controllable vehicle tests. The higher CK values for
these tests is attributed to a controllable vehicle wake effect.
The value shown following each test number is the dyanmic pressure
at parawing line stretch for that test.

The slope and spacing of the constant dynamic-pressure lines
are based on the data that are plotted. Except for infinite mass
cases, past experience has shown that load factor decreases with
increasing dynamic pressure at any constant unit canopy loading.
This same effect is seen for the data plotted in Figure 74.
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Review of the data indicates that there is good agreement
among tests, and that the load factor method for predicting €irst-
stage parawing loads is usable. The CK values from the twin-keel
parawing, controllable vehicle tests were about 22 percent higher

than those from the bomb-type vehicle tests.

Figures 75 and 76 present plots of load factor (CK) versus
second- and third-stage canopy loading, respectively. Examination
of the plot for the second stage indicates that there is, as for
the first stage, a controllable~-vehicle wake effect. As the para-
wing opens into third stage, this effect appears to be small. Be-
cause of the greater variability of opening during the second and
third stage, the data did not fcllow as consistent a pattern as
the data for the first stage. : two highest calculated CK values
for the third stage were from Tests 202T and 205T. The third-stage
G loads for these tests, which utilized reefing Version A (without
nose reefing) were also the highest values of all the applicable
tests (see Figure 72).

Figure 77 presents plots of peak deceleration ratio, G, versus
canopy loading for the fourth-reefed stage and for full open. For
the fourth stage, a small controllable-vehicle wake effect is still
evident. The G values appear to decrease with increasing canopy
loading. All tests that utilized reefing Version A (larger third-
stage reference area than for reefing Versions B and C) resulted
in a lower dynamic pressure at third-stage disreef and a corre-
spondingly lower fourth-stage load. The highest fourth-stage load
measured was in Test 250T, where the value was 2.98 G. For full
open, a controllable-vehicle-wake effect does not appear to exist.
The G values decrease with increasing canopy loading and the high-
est G value (2.85) was recorded during Test 202T.

Figure 78 presents a plot which shows the ratio of parawing

snatch load to descent weight versus (CDS)p3/4qLS/WD for the twin
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Figure 77. Ratio of peak load to descent weight versus canopy loading,
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keel parawing tests. Snatch load varies as the difference in
velocity at line stretch between the parawing and the vehicle,
times the square root of the product of the parawing spring con-
stant and the paraw.-ng mass. For all twin keel parawing tests,

L i

the spring constant and mass were essentially constant. The dif-
ference in velocity between the parawing at line stretch and the
vehicle is a function of the drag area of the pilot parachute(s),

JUUTE YOI

(CDS)p, and the dynamic pressure during the deployment process.
Figure 78 shows that if this differential velocity is represented
by (CDS)p3/4qLS, correla“ion with snatch load is good. Figure

78 also shows that snatch load can be maintained at or near the

3 G level. The two tests that exceeded this level were Tests 209T
and 210T where snatch loads of 3.4 and 4.0 G's, respectively, were
measured. For these tests, the product of (CDS)pqLs produced a
parawing-pack-extraction force of nearly 5 G's. Since past exper-

ience indicates that a parawing-pack-extraction force of 4 to 4.5

A oS TP A g ot A o Wi B

G's, computed in this manner, is sufficient for parawing deploy-
ment, the two high snatch lcads could have been reduced to near
the 3 G level by reducing the drag area of the pilot chute. The
empirically derived equation for the line faired through the data
in Fiqure 78 is:

- NP

_ 3/4 1.166
G = 22.44 ECDS)p qu/WD]

e o giite . im 28 g

i ‘ Scale Point Tests

As identified in the subsection entitled INTERMEDIATE-SCALE
TEST PROGRAM RATIONALE, four categories of parawing tests were
conducted on the bomb~type test vehicle. Of prime importance in
a discussion of first-reefed-stage loads are the scale point tests
and che deployment demonstration tests. The deployment demonstra-
tion tests, in addition to providing intermediate-scale parawing
deployment demonstrations at selected points in the prescribed

lle
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Jdeployment envelope, also served as end point tests. That is,

they were tests conducted at test point conditions to which certain
of the small-scale parawing tests had been scaled. Thus, these
tests sexved as bases for comparing the results of small-scale para-
wing tests scaled to those intermediate-scale end point conditions.

On the other hand, the scale point tests were intermediate-
scale parawing tests scaled to full-scale parawing end point con-~
ditions. These tests provided information on the anticipated
performance of a full-scale parawing system at selected end point
conditions. The validity of this information and data is a func-
tion of the scaling method used and how well it could be followed
to establish the simulated test conditions. The scaling method
applied in the parawing program is presented in Reference 1.

Table 7 provides a comparison of the planned test conditions
for intermediate-scale, twin keel, end-point-demonstration tests
and the planned test conditions for intermediate-scale, twin keel
scaled tests for full-scale parawing end point simulation.

Several twin keel, end-point-demonstration tests were con-
ducted using a 5000 pound descent weight. However, none of the
tests that resulted in usable data were conducted at the exact
conditions shown in Table 7 and at a first-stage reefing ratio
that would permit direct comparison with the small-scale parawing
tests that had been scaled to intermediate-scale test conditions.
The line-stretch dynamic pressure for Test 205T was 76.3 psf, the
test altitude was about 14,000 ft and the first-stage reefing
ratio was 10 percent. This test closely simulates Test 102T,
except for reefing ratio. The first-stage reefing ratio for Test
102T was 21.9 percent. A comparison of these tests is possible,
if actual test conditions are corrected to scaled values and to
the same reefing ratio. Since 14 percent was the smallest reefing
ratio used during small-scale testing and the largest used during
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TABLE 7. - INTERMEDIATE-SCALE, TWIN KEEL END POINT
TEST CONDITIONS AND TEST CONDITIONS FOR
FULL-SCALE PARAWING SIMULAYLON
Intermediate- Intermediate- | Full-scale end
scale end point | scale condi- point conditions |
Parameter conditions of tions for for intermediate-|

small-scale full-scale scale simulation
simulation simulation

Paraw.ng canopy 4,000 4,000 , 10,000

1

area, ft2 ‘

drg’ psf 70 44.3 : 70

Wy, lbs 5,000 3,795 ! 15,000

Altitude, ft 18,000 18,000 18,000

Parawing canopy 4,000 4,000 10,000

area, ft2

9 g’ pst 100 63.3 100

WD, lbs 5,000 3,795 15,000

Altitude, ft 18,000 18,000 18,000

intermediate-scale testing, it is possible to extrapolate both
sets of data to th.s point. For the intermediate-scale tests, the
relationship between parawing load and reefing ratio may be deter-

mined from Figure 74. This figure presents load factor, C as

'
a function of canopy loading and line stretch dynamic presgure,

for all tests. The relationship that has been established between
the parawing first-stage average reference area, (CRSW)AVE' and
reefing ratio (Figure 70), permits calculation of canopy loading
and thus, the load for 14 percent reefing. The following illustra-
tive computations identify the end point conditions, and the method
of calculating the first stage intermediate-scale load that simu-
lates small-scale Test 102T. Test 205T is the intermediate-scale

reference test.
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G = Cx(CpS)ave Irs”Vp

CK = 0.66, as determined from Figure 74 for a

- _ 2
W,/ (CpS,) ayp = 5000/400 = 12.5 1b/ft* and a q g of 70 psf.

’) 0 -
(CDSW)AVE = 400 ft" for 14 percent reefing (Figure 70)

drg = 70 psf, which is an end point condition.

G = 0.66 (400) 70/5000 = 3.7
The corres—-onding load for Test 102T is:

= \
G = Cx (CpSy’ave Ius/Mp

Ck = 0.52, as corrected to 14 percent reefing in

Reference 1.

_ 2
(CDSW)AVE = 40 ft
s = 35 pst
wD = 254 1lbs

G = 0.52 (40) 35/254 = 2.9.

The previous computations show that the intermediate-scile
load is about 28 percent higher than the small-scale load. A small
portion (two to three percent) of the difference between the two
may be due to the fact that several of the intermediate-scale bomb-
type vehicle type tests were conducted at 14,000 feet, rather than
the planned 18,000 feet.

If a similar procedure is used to calculate loads for the
second set of end point conditions used in small-scale simulation,
as shown in Table 7, the following comparison results:

For intermediate-scale:

G = Cy (CpSi)ave Sus’Wp

G 0.6C (400) 100,5000 = 4.8.

119

L P L

e

O RSV T, - - e WS R = FO—




RN i B,
e t

YR
[T ] DKL,

SRR C L RN

T P e Sy,

LAY %4

L5 B

23 % "}‘tgt.m '%"

For small-scale:

G

0.52 (40) 50.8/254 = 4.2
or

G = 0.52 (40) 38/190 = 4.2,

For this case the intermediate-scale load is about 15 percent
higher than the corresponding small-scale load.

The previous two cases tend to indicate that the scaling
method utilized may not be wholly valid. However, the problem
could lie in the difficulty in providing test specimens that were
alike. The mismatch in the actual test reefing ratios has already
been discussed. Even if the reefing ratios had been identical in
the small- and intermediate-size scaling tests, the effective inlet
mouths may have been different. The intermediate-s~ale parawings
had more reefing rings than the small-scale parawings. Thus, the
geometry of the scallops (or cloth folds) around the reefing line
periphery were different for these two wing sizes. Since the wing
probably fills through these scallops, as well as through the
reefing-line-defined mouth area, the effective mouth sizes for
the two wing sizes could have been somewhat dissimilar, even at
identical reefing ratios. Other factors that could account for
the G load differences in the scale point tests are, 1) variations
from the prescribed scaled test conditions (descent weight, dynamic
pressure, deployment altitude), 2) normal variability of test
measurements which could cause apparent differences in results
when only the results cf a few tests are available, and 3) factors
not considered in the scaling method used, such as canopy flexibil-
ity, material thicknesses, etc.

Table 8 presents a summary of loads in G's, for each deploy-
ment stage, for the following scale point test conditions:

a. Small-scale conditions for intermediate-scale simulation
(listed in Table 8 under Small-scale).
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b. Intermediate-scale end point conditions of small-scale
simulation (listed in Table 8 under Intermediate-scale :
and on the same line as G's shown for Small-scale).

c. Intermediate~scale conditions for full-scale simulation

st M

(listed in Table 8 under Intermediate-scale and on the

same line as G's shown for Full-scale).

d. Full-scale end point conditions for intermediate-scale
simulations (listed in Table 8 under Full-scale).

e TR Bt ok AR W e <

Table 8, under Intermediate-scale, also lists the reefing

configuration, weight, average reference area, canopy loading,

o R

and dynamic pressure. These parameters are either:

a. End point conditions of small-scale simulation, e.g.,
lines one and two (these are the same conditions that

1 e BRI R ae Retpoy W

were previously used for the two example computations).

b. Scale conditions for full-scale simulation, e.g., lines

five through ten.

Under Full-scale, the weight, average drag area and dynamic

pressure are end point conditions for intermediate-scale simulation.

The load factors (CK), listed under Intermediate-scale, first

s bl g 20 8

stage (Table 8), are determired from Figure 74 for the canopy load-
ing and line stretch dynamic p:.:assure values shown. These load
factors, along with the average reference areas, line stretch dy-

R N

namic pressures and descent weights, are used to compute the G loads
shown. The CK load factors relative to scale conditions for full-
scale simulation (lines five th-ough ten), along with full-scale
average reference areas, line stretch dynamic pressures and descent

weights are used to compute the full-scale G loads shown.

Figure 79 presents a plot of first-stage load factor versus
perceat reefing for all bomb-type vehicle tests. The figure also
shows the relationship between load factor and percent reefing for:
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a. Intermediate-scale tests corrected to 5000 pounds and a
line stretch dynamic pressure of 100 psf (end-point con-
ditions of small-scale simulation).

b. Intermediate-scale tests corrected to 3800 pounds and a
line stretch dynamic pressure of 63.3 psf (conditions
for full-scale simulati~n).

The load factor values for both of the above conditions were deter-
mined from Figure 74 and are presented to show the effect of reef-
ing on load factor for these scale point tests. The decrease in
load factor with percent reefing is cc.usistent with a decrease in
canopy loading, WD/(CRSW)AVE’ which is due to an increase in first
stage reference area (see Figure 70). The load factor values for
8, 10 and 14 percent reefing are listed in Table 8.

The results of intermediate-scale tests at end point condi-
tions for small-scale simulation indicated that the first stage
intermediate-scale loads were 15 to 28 percent higher than the
small-scale loads. The first-stage results of intermediate-scale

tests at conditions for full-scale simulation (Table 8) show:

a. Tests conducted at a line-stretch dynamic pressure of
63.3 psf (to simulate a full-scale parawing line-stretch
dynamic pressure of 100 psf) result in first-stage peak
loads that vary from 3.9 to 3.4 G's, for reefing ratios
that vary from 14 to 8 percent, respectively.

b. Tests conducted at line stretch dynamic pressures of
44.3 psf to simulate a full-scale parawing dvnamic pres-
sure of 70 psf result in peak loads that vary from 3.0
to 2.6 G's for the same reefing ratio range.

These results indicate that at a deployment dynamic pressure
of 100 psf a full-scale parawing must be reefed to less than 8
percent to maintain a 3 G peak load level in first stage. For a
deployment dynamic pressure of 70 psf, the 3 G level could be rain-
tained with a reefing ratio as high as 14 percent.
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The accuracy of the above predictions for the full-scale para-
wing is subject to the same limitations in scaling that were pre-

viously discussed.

Relative to the second reefing stage, the dynamic pressure
at first-stage disreef shown in Table 8 is the average measured
value for the type of test being considered, i.e., categorized
according to descent weight and reefing ratio. Since all 5000
pound tests (at end point conditions for small-scale simulation)
that resulted in usable data were conducted with 10 percent reef-
ing, this is the only reefing percentage shown. The second-stage
load factor (CK) of 1.09 for the 5200 pound tests was taken from
Test 207T. The CK factor of 1.18 for the 3800 pound tests, (for l
full scale simulation) for all reefing ratios, was taken from Test %
250T. These factors were the highest calculated for the reference 2
tests shown in Table 8, with the exception of Test 204T. The cal-
culated CK value of 1.7 for this test was so high in comparison
with the next highest value of 1.18, as to be considered a wild

point. Choosing C, values based on the higher wvalues calculated

in any weight category is conservative, in comparison with using

a load-factor, canopy-loading plot directly. However, in this case,
the load factor data were not sufficiently consistent to do other-
wise. The 2.7 G load shown for the 5000 pound case compares favor-
ably with the 2,53 G value indicated from small-scale tests. Had

a 14 percent reefing test been conducted, the dynamic pressure at

first-stage disreef would have been lower. 1In all likelihood, ;
this would have reduced the G load to 2.5 G's or less. The G i
values shown for the full-scale parawing are based upon the use
of a 9 second first-stage reefed interval. The second stage G :
load value, using 8 percent first-stage reefing, is 3.4.

The third, fourth and full-open stage dynamic pressure values

shown in Table 8 are average values. Note that use of nose reefing

125
e TSN, MRS lllugu-un-q-u-----—---i-l!!



PR T

e

RN AR

S

"~

. “Mﬁé’,‘%‘?ﬂf ®

NORTHROP

(reefing Versions B and C) reduces the third-stage and increases
the fourth-stage G values substantially, and p~rmits holding a near
3 G level for both stages. G values shown for the third, fourth
and full-open stages are maximum values ard refer to the reference
tests shown in the table. The third-stage G value of 4.6, for a
5000 pound test without nose reefing, is high in comparison with
the 2.89 value predicted from small-scale tests. The fourth-stage
and full-open values are about the same or lower than expected,
based on small-scale tests. The full-scale values shown for the ‘
last three stages are based on the assumption that nose reefing
would be used on the full-scale parawing.

Parawing Geometry During the Opening Sequer.ce

Figure 80 presents sketches of the disreefing-seyuence geom-
etry for a typical twin keel parawing. The sketches, which were
made from on-board camera films, show the proiected parawing plan-
form for each deployment stage and for full open. The three views
shown for first stage represent the three reefing percentages (8,
10 and 14 percent) that were used during testing. The two views

>)r third stage represent the wing planform with and without nose
reefing. The dimensions shown in Figure 80 are in terms of the

reference keel length (QK).

Figures 81 through 83 provide plots of the parawing first
stage projected area versus time. These plots are presented to
show the characteristic first~stage filling process for the para-
wing. This filling process is shown for the three reefing percent-
ages tested, namely 14, 10 and 8 percent. For comparison purposes
the plotted data in these figures are nondimensionalized. Projected

area is expressed as the ratio of instantaneous projected area to 1
fully-inflated projected area and plotted versus the nondimensional
time parameter, t/tf. The projected area values were determined
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from film analysis, using on-board film coverage. The fully-
inflated projected area was determined by averaging the areas from
the instant of parawing full reefed inflation until first-stage
disreef. The first-stage filling time, tf, was established as the
time from parawing line stretch to the time when the projected-
area-ratio time curve intersected the full inflation line. All
three intermediate-scale tests shown in Figures 81 through 83 were
conducted with a 3800 pound descent weight, at a line-stretch dy-
namic pressure of about 65 psf. The scatter shown by the data is
due both to actual fluctuations of the parawing canopy and to in-
accuracies in the measurement of the projected areas.

Figures 81 through 83 show that the first-stage inflation pro-
cess can best be represented by two, straight-line segments. This
is the same filling characteristic that was exhibited in the Langley
small-scale parawing wind tunnel tests and in the small-scale drop
tests. To illustrate this fact, Figure 81 provides a comparison
of the first-stage filling process for Test 203T with small-scale
Test 105T. Both tests were conducted with 14 percent first-stage
reefing. Note the close similarity of these two inflations pro-

cesses. The change-in-slope point for both tests occurred at a

t/tf value of about 0.35.

The effect of reefing percentage on the first-stage fill rate
can be seen by comparing the slopes of the initial straight-line
segments of the three intermediate-scale tests in Figures 81 through
83. Test 203T with 14 percent reefing (Figure 81) shows the steep-
est initial inflation rate. Test 202T with 10 percent reefing
(Figure 82) shows a less steep initial inflation rate. Test 210T
with 8 percent reefing (Figure 83) shows the least steep initial
inflation rate of the three tests. Computer simulations confirm
that the magnitude of the peak reefed load is a function of the
slope of the initial reefed inflation rate. Thus, the observed
trend of lower peak-first-stage locads with decreasing reefing ratio
is logical and consistent with these inflation characteristics data.
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Table 9 presents a summary of first-stage filling time and
time to peak load, along with the parameters which influenced £fill-
ing time, for all applicable twin keel bomb-type vehicle tests.
Parameters that influence filling time include descent weight and
velocity at line stretch, both of which influence the average
velocity during the invlation process, plus reefing ratio.

Figures 84 and 85 show the effects of reefing ratio and ve-
locity at line stretch on parawing first-stage filling time, based
on selected data from Table 9. From simple volumetric flow consid-
erations for an incompressible gas, parawing filling time is pro-
portional to the reciprocal of the average velocity during the
filling process and the mouth area. In Fiqure 84 filling time is
plotted versus the inverse of reefing ratio squared (where reefing
ratio squared is a measure of the mouth area) for Tests 203T, 202T,
209T and 210T. These tests were conducted at essentially the same
descent weight and at approximately the same velocity at line
stretch. Thus, the basic variable is reefing ratio. Figure 84
shows that filling time increased linearly with the inverse of
reefing ratio squared. This same observation was noted during both

wind tunnel and aerial testing of small-scale parawings.

Figure 85 presents a plot of filling time versus velocity at
parawing line stretch. The plot shows the combined effects of
reefing ratio and line-stretch velocity on filling time. (The
constant-reefing~ratio lines were developed from a plot of filling
time versus the inverse of line-stretch velocity, which provided
straight line fairings. Data from Tests 205T, 207T and 201T, which
were conducted at the same 10 percent reefing ratio and descent
weight, but in a range of line-stretch velocities, were used to
develop the slope of the fairings.) Figure 85 shows that first-
stage filling time, tf, decreased both with increasing line-stretch
velocity and increasing reefing ratio. The manner in which first-
stage filling time decieased with increasing reefing ratio, at a

given velocity and descent weight, was shown in Figure 84.
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Suspension Line Loads

Suspension line loads were measured in all the intermediate-
scale drop tests which utilized a bomb-type test vehicle. Table
10 presents the data obtained from single keel parawing Test No.
2008 -- the only single keel parawing test with usable suspension-
line-loads data. Figures 86 through 90 present the data obtained
from the twin keel parawing tests.

TABLE 10. - RATIO OF PEAK-SUSPENSION-LINE LOAD TO PEAK-
STAGE-TOTAL LOAD FOR 6--LINE-LEADING-EDGE,
SINGLE KEEL PARAWING, TEST NO, 200S

Deployment stage
| Line no. 1 2 3 4 Full open
Ll .015 .006 .039 .016 .009
L6 .052 .039 .032 .046 .064
K7 .061 .045 .073 .071 .092
K12 .047 .031 .028 .027 .110

L - Leading edge line
K - Keel 1line

Suspension line loads are presented as ratios of peak force
in each deployment stage to peak measured total parawing load for
that stage. (Peak line load, in lbs, can be obtained by multiply-
ing the line load ratio by the product of the suspended weight and
the G load for the given stage. Suspended weight and G load per
stage are listed in Table 5 for all the intermediate-scale tests
conducted.) All measured loads representative of the varawing
configuration tested are presented. Loads not presented include
tests or stages of tests where:

a. The parawing did not disreef in a normal manner, e.g.,
the fourth and full-open stage of Test 201T, where the
left trailing edge did not disreef at the end of the
third stage.
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b. The parawing sustained heavy structural damage, e.q.,
Tests 201S, 206T and 208T.

All line load measurements were made in the left side suspen-

sion lines.

Test 200S utilized a reefing system with 11.6 percent first
stage reefing. The twin keel tests utilized reefing systems A, B
and C with 8, 10 and 14 percent first and second stage reefing.
Reefing systems B and C included a 25-inch line that gathered the
center section nose during the first three stages. Tests which
utilized this nose reefing were 206T, 207T, 209T, 210T and 211T.
These same tests also utilized an eleven-suspension-line-leading-

edge parawing version, rather than the six-line version.

Figures 86 and 87 indicate that the first and second stage
reefing percentages had no effect on the measured line load ratios.
The effect, if any, of reefing Version A (Figure 26) in comparison
with Versions B (Figure 27) and C (Figure 28) cannot be determined,
since ti.ese versions utilized 6- and ll-suspension-line-leadi- g-

edge parawings, respectively.

B L

ayh' Figures 91 and 92 present suspension-iine-load-ratio envelopes

RS dedio

iiﬁ for all deployment stages for both the 6~ and ll-suspension-line-

] leading-edge parawings. Values for the 6-line leading edge para-
wing were taken from maximum values measured during the intermediat -
scale test program, as well as from values measured during the

small-scale free flight and wind tunnel programs. Values for the

ll1-line leading edge parawing were taken from the intermediate-
scale test program. In cases where data were scarce (forward keel
and trailing edge lines) values were extrapolated from the 6-line
parawing confiquration. Comparison of Figures 91 and 92 shows that
the suspension-line-load-ratios for the ll-suspension-line-leading- t
edge parawings are substantially less than those for the 6-line ;

configuration. !
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Suspension-line-load ratios for all deployment stages for the
ll-line leading edge, twin keel parawing are summarized in Table
11. The values listed in this table are considered to be the
"best estimate" maximum values for the ll-line parawing configura-
tion, based on all applicable test data. It may be noted that the
second stage produces the highest load ratios for all leading edge
lines, except for lines 1, 1-1/2, 5-1/2 and 6. For these lines
plus all the keel lines, the full open stage produces the highest

i o < 8
.

load ratios. First stage provides the peak load ratio for side-
lobe~trailing-edge line 1, while third stage causes the peak load
ratio for trailing edge lines 2 and 3.

Line load ratios measured in Test 200S (Table 10) show that
the peak leading-edge-line-load ratios for the single keel parawing
are less than those for the comparable leading edge lines on the
twin keel parawing. However, the single keel parawing peak rear-

keel-line-load ratios are higher than the peak rear-keel-line-load

ratios for the twin keel parawing.

In general, the reefing systems utilized in the parawing test
program resulted in nonuniform suspension line loading. This non-
uniformity of line loading is both intrastage (i.e., unequal load-
ing of individual suspension lines in a given reefing stage), and
stage-to-stage (i.e., unequal loading of a given line from stage
to stage). Table 10 and Figures 91 and 92 identify both of these
types of line load nonuniformity. The degree of line load non-
uniformity is evidenced by the fact that for the intermediate-scale
parawings, the ratio of total available suspension line strength
to maximum design load was 3.5 on the single keel specimens, 4.3
on the 6-line-leading-edge, twin keel specimens (Versions I and II)
and 4.9 on the ll-line-leading-edge, twin keel specimens (Versions
IITI through VII).
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NORTHROP

TABLE 11, - RATIO OF PEAK-~SUSPENSION-LINE LOAD TO PEAK-STAGE-TOTAL

ko

LOAD FOR 11-LINE-LEADING-EDGE, TWIN KEEL PARAWING
CONFIGURATION (1)

Deployment stage
rull
Line No. 1 2 3 4 Open
Ll .023 .022 .018 .017 .065
Ll% .028 .040 . 025 .020 .050
L2 .033 .060 .032 .021 .034
1,2% .036 .078 .038 .022 .034
L3 .040 .096 .044 .023 .034
; L3% .043 .090 .039 .024 .025
L4 .046 .086 .033 . 025 .020
L% .043 .071 .037 .026 .020
LS . 041 .055 .043 .027 .030
L5% .039 .040 .049 .026 .065
L6 .036 .026 .054 .026 .097
K1l .023 .022 .023 .022 . 065
K2 .024 .023 .026 .025 .062
K3 .025 .024 .029 .028 .060
: K4 .026 .025 .033 .031 .057
’ K5 .028 .026 .036 .034 .055
o K6 .029 .027 .039 .037 .052
3 K7 .030 .028 .042 .040 .050
LV K8 .032 .028 .041 .038 .050
' K9 .034 .029 .040 .037 . 050
K10 .037 .029 .039 .035 .050
. K11l .039 .030 .038 .034 .050
N K12 .041 .030 .038 .032 .050
: T1 .041 .030 .038 .032 0
T2 .031 .022 .033 .032 0
T3 .022 .014 .029 .027 0

(1)

L - Leading edge line

K - Keel line

Best estimate of maximum values.

T - Side-lobe-trailing-edge line
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Parawing Canopy Failures and Failure Analyses

General. - In the course of the intermediate-scale parawing
flight test program, a number of tests resulted in significant
parawing canopy structural failures. Analysis of these canopy
failures indicated that the failures could be grouped by failure
mode, with probable causes identified for each failure mode. The
following pages identify the significant canopy structural fail-
ures which occurred, establish the failure modes, cite the correc-
tive actions taken and discuss the efficacy of the corrective

actions.

It is significant that despite the major canopy damage in-
curred during the deployment process in several of the flight
tests, all of the damaged wings did open and achieve a steady
gliding configuration. This fact clearly demonstrates the posi-
tive opening characteristics and inherent opening reliability of
the parawing device. Also, all damaged wings achieved a low ver-
tical rate-of-descent prior to touchdown of the test vehicle. 1In
fact, no test in the entire parawing program of seventy~five aeri-
al drop tests resulted in loss of a test vehicle or even in major
damage to a test vehicle -- ¢ record seldom equalled in aerodynamic

decelerator development programs.

Significant parawing canopy failures and failure modes. -

Significant canopy structural failures occurred in seven inter-
mediate-scale parawing aerial tests. These tests were single keel
Test 201S and twin keel Tests 202T, 205T, 203T, 208T, 211T and
206T. Figures 93 through 99 show the major parawing canooy damage
incurred in these tests. Figure 100 shows a photograph of the
Test 206T parawing in steady gliding flight, with some of the can-

opy damage in evidence.

From analyses of the canopy failures which occurred in these
tests a total of four failure modes were identified. All the sig-
nificant canopy damage in the sever. tests cited above could be
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Figure 100. Test 206T parawing in gliding flight, showing
some of the canopy damage.
156



ponas e B R g

related to these four failure modes. Table 12 presents the four

$T0 me i

failure modes, the time of their occurrence in the deployment pro-
;% cess, the apparent cause(s) of the failure mode, the test occur-
' rence and damage identification for each failure mode, and lastly,

the corrective actions taken.

Efficacy of the corrective actions. - For three of the four

failure modes shown in Table 12, namely, modes 2, 3 and 4, the
corrective actions taken were completely successful. For failure
mode 1, the corrective action was only partially successful.

In the instance of failure mode 2, 11 flights were flown
after the corrective actions had been implemented on the test
wings, with no reoccurrence of this failure mode. (0Of the 11
rlights the first 3 flights -- 207T, 250T and 251T -~ were flown
with added lines and larger patches only; the last 8 tests were
flown with added lines, larger patches and the ripstop tape matrix.)
For failure mode 3, 11 flights were flown after the corrective

‘ actions had been implemented, with little if any significant dam-

3 age in the contoured nose area of the wing. For failure mode 4,
AE;,: 5 tests were flown after the corrective action had been implemented,
with no further tear damage in the forward area of the side lobes.

In the case of failure mode 1, the corrective action, consist-
ing of addition of a ripstop tape matrix, was designed to prevent
extensive tear propagation of the cloth damage, but not necessarily

to eliminate the occurrence of localized cloth damage. The correc-

e g,

tive action did perform its design purpose, as demonstrated in 11
ni tests, beginning with Test 207T. However, localized damage to can-
opy cloth continued to occur in these 11 tests, with the amount of
such damage increasing at the higher deployment dyr.amic pressures.
In 2 tests, notably 211T and 206T, canopy cloth tears occurred with
tear propagation confined by the ripstop tapes. These tears, al-
though confined, resulted in holes of significant size in the wing
canopies which degraded botihh the deployment and gliding flight

performance of the wings. !
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Thus, in the case of failure mode 1, the corrective action
can only be considered as partially successful. Possible avenues
toward minimizing or eliminating localized canopy cloth damage
during the initial phases of parawing deployment include improved
canopy cloth materials, a protective covering for the damage-sus-
ceptible canopy cloth areas, selective canopy porosity to minimize
canopy buffeting following initial canopy stretchout, or alterna-
tive reefing schemes which provide better control of the canopy
cloth following initial canopy deployment.

GLIDING FLIGHT PHASE

Straight Flight Aerodynamic Test Data

General. - The following paragraphs, figures, and table present
the straight-gliding-flight data obtained during the controllable
vehicle flights and bomb vehicle tests. The data are oresentad in
groups, with each group containing the data obtained during one
test flight. The type of data obtained during the test, plus any
items of special interest concerning the data are discussed.
Generally, the data plots show L/D, lift coefficient, drag coef-
ficient, and resultant force coefficient as a function of tip-
suspension-line-length and/or rear-keel-suspension-line length.

As discussed in APPENDIX B, the instrumentation which measured
angle-of-attack, velocity and angle-of-sideslip in these tests was
calibrated in a wind tunnel. However, data processed using the
corrections indicated by the wind tunnel tests showed large devia-
tions, compared with gliding flight performance data obtained by
phototheodolite tracking (ASKANIA). When the uncorrected L/D data
determined by the on-board test instrumentation were compared with
ASKANIA determined L/D data, excellent correlation batween the two
sets of data was obtained. Consequently, all of the flight test
data from the controllable test vehicle flights presented in this

159
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report are based directly on the flight angles indicated by the
test instrumentation. No corrections were made to the flight data :
for interference effects on the test instrumentation due to the
upwash from the wing, or for flow field deviations due to the prox-
imity of the test instruments to the test vehicle. Also, no cor-
rections were made to the data to account for the drag and lift of
the test vehicle. Wind tunnel data and small-scale free flight
data used in this report were taken from Reference 1. Detailed
descriptions of the small-scale models and more complete data are

vt e e duoe ot ke o e At

available in Reference 1.

Test 250T. - This was the first test with a 4000-square foot,
4 twin keel parawing utilizing a controllable test vehicle. Twin
keel parawing Version III was used for this test at a wing loading
of 0.86 psf. During this test, a wide range of tip-suspension-
line lengths was tested. Only two rear-keel-suspension-line
- lengths were tested. The flight path data obtained during this
flight indicated maximum L/D values of approximately 2.0 which
were much lower than had been obtained during previous bomb vehicle
tests. The flight maneuver pattern during this test was such that
SJ valid flight path angle data could not be obtained from ASKANIA.
Thus, the validity of the data obtained from the on-board flight 1
path measuring instrumentation could not be checked. Figures 101
through 104 present data from this test.

G e

Test 251T. - Twin keel parawing Version III was used for this
test at a wing loading of 0.99 psf. Variations in both the tip-
suspension-line lengths and the rear-keel-suspension-line lengths
wore tested. L/D performance (approximately 3.0) measured by the
on-koard instrumentation was in the range of values previously
obteined during wind tunnel and free flight tests. As with Test
2507, an ASKANIA check on L/D performance could not be obtained s
in tliis test. Figures 105 through 108 present data from this test. :
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Figure 107. Lift coefficient and drag coefficient versus
average tip setting, Test 251T
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Test 252T. - Twin keel parawing Version IV was used for this
test at a wing loading of 1.0 psf. During this test, the on-board
airspeed indicator was damaged; as a result, no airspeed data were
obtained. The lack of airspeed data precluded calculation of the
lift, drag, and resultant force coefficients. The flight path
angle data obtained from the on-board instrumentation during this
flight agreed quite well with flight path ar3jle data obtained from
ASKANIA. Figures 109 and 110 present data from this test.

Test 253T. - Twin keel parawing Version VI was used for this
test at a wing loading of 1.25 psf. During this test a range of
lengths was tested for both the tip suspension lines and the rear
keel suspension lines. The airspeeds measured by the on-board
airspeed indicator during this test appear low, relative to values
measured on other tests. The possibility exists that the airspeed
indicator was damaged prior to the gliding portion of the flight,
although positive evidence of damage was not obtained. Because of
the relatively low airspeed values measured, the values computed
for 1lift, drag, and resultant force coefficients were appreciably
higher than those obtained during the other 4000-square foot para-
wing flight tests. For this flight, the flight path angle data
from ASKANIA agreed quite well with the flight path angle data
obtained from the on-board instrumentation. The gliding flight
data from Test 253T are presented in Figures 111 through 115.

Test 254T. -~ Twin keel parawing Version VI was used for this
test at a wing loading c¢f 1.50 psf. During this test, a range of
lengths was tested for both the tip suspension lines and the rear
keel suspension lines. No unusual occurrences were noted during
this flight. The gliding flight data from this test are presented
in Figures 116 through 120. The mane.vers performed during this
test precluded any attempt to compare flight path angle data from
ASKANIA with comparable data measured by on-board instrumentation.
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. 96

Lift coefficient and drag coefficient versus

rear keel setting, Test 253T
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Rear keel setting, lRK/lK

Resultant force coefficient ve~sus rear keel setting, Test 253T
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Test 255T. - Twin keel parawing Version VI was used for this
test at a wing loading of 1.50 psf. During this test, only a
range of tip-suspension-line lengths was tested. No unusual oc-
currences were noted during this flight. The gliding flight data
from this test are presented in Figures 121 *hrough 124. The ma-
neuvers performed during this test precluded an attempt to compare
flight nath angle data from ASKANIA with comparanble data measured

by on-bocard instrumentation.

Bomb test data. - Table 13 gives gliding performance data from
three bomb vehicle tests. These data were obtained from ASKANIA

and represent averages of flight path angle and velocity over the
entire p ~tion of the flight after steady-state gliding conditions
were achieved. The data from only three tests (205T, 209T and
210T) are shown in Table 13. These were the only tests during
which the parawing test specimen was in a normal operating condi-
tion during the gliding portion of the flight, and during which
sufficient ASKANIA data were obtained to give reliable averages.
In order to obtain reliable ASKANIA data for gliding flight it was
necessary that the parawing fly in a relatively slow spiral maneu-
ver. With this flight pattern ASKANIA data from several complete
360~degree turns could be utilized, in order to average out the

effects of wind and vertical air mass movements on the data.

TABLE 13. - GLIDING FLIGHT TEST RESULTS FROM
BOIB VEHICLE TESTS

Test  W/S, L./ (2./2.) L/D o C C

pef RK/ *K 7K’ \vE L D R
205T 1.25 .954 .603 2.75 .618  .225  .658
209T .953  .954 .603 2.93 .577  .197  .610
210T .953  .954 .603 2.69 .606 .224  .646
182
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Average tip setting, (lTllK) AVE

Lift coefficient and drag coefficient versus
average tip setting, Test 255T
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Straight Flight Aereodynamic Test Data Analysis

Effect of wing construction on L/D performance. - Figure 125

is a composite plot of data, showing the L/D performance obtained
during the 4000-square foot parawing free-flight tests, compared
with typical L/D performance obtained with a 400-square foot model
during wind tuunel tests. The wind tunnel data were taken from
Reference 1. The L/D data are presented as a function of the
average tip setting (where tip setting refers to the ratio of the
tip-suspension-~line length to keel length). All the free flight
data are for the wings at approximately the same rear keel setting
(zRK/RK = ,954). The free flight data in Figure 125 are for three
different wing constructions. The wing in Test 205T (Version I)
had six lines per leading edge and nc ripstop tapes on the canopy.
The wings in Tests 250T and 251T (Version III) had eleven lines
per leading edge and a minimum ripstoo network, consisting of four
longitudinal tapes on each of the outboard sections of the wing.
The wings in Tests 252T, 253T, 254T, 2557, 209T and 210T (Versions
IV, V, VI and VII) had eleven lines per leading edge and a full
ripstop tape matrix on the wing canopy. The data in Figure 125
show no distinguishable effect of the various wing constructions
on L/D performance. The datum point for the wing with six lines
per leading edge and no ripstop tapes (Test 205T) falls in the
upper center oi the data band. The data points for the wing with
eleven lines per leading edge and a minimum ripstop tape network
(Tests 251T and 250T) provide the boundaries ¢Z the measured L’D
performance, with the highest and the lowest L/D values. L/D val-
ues for the wings with eleven lines per leading edge and a full
ripstop tape matrix generally fall in the central portion of the
data band. This result is somewhat in contrast with wind tunnel
tests of 400 sq ft wings reported in Reference 1, wherein the addi-~
tion of a ripstop tape matrix to the wing canopy resulted in a sig-
nificant (10 percent) decrease in L/D performance.
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Effect of tip-suspension-line length on L/D performance. -

Although there is considerable variation in L/D performance from
test to test, Figure 125 shows very little variation in L/D with
tip-suspension-line length over the range of lengths tested during
the intermediate-scale tests. The wind tunnel tests showed a
pronounced variation of L/D with variation in the tip-suspension-
line lengths. The data in Figure 125 show that L/D decreased as
the tip setting was increased from 0.60 to 0.63.

During the in.ermediate-scale tests, the longest tip setting
that could be used was about 0.64. Tip lengths longer than this
caused improper wing inflation, with the leading edges of the wing
collapsing and with resulting tip flutter. The shortest tip set-
tings tested did not result in a stall. Consequently, the short-
est allowable tip setting was not determined for straight flight.

As shown by Figure 125, considerable variation in L/D perform-
ance was measured from test to test for controllable vehicle
flights. The L/D data on Figure 125 were obtained from the on-
board instrumentation. During Tests 252T and 253T verification of
the on-board instrumentation accuracy was obtained by comparing
L/D data from it with L/D data determined from ASKANIA data under
controlled conditions. The flight path angles measured during
Tests 250T and 251T differ considerably from those measured in
the other tests. As a result little confidence is held for the
accuracy of these measurements. L/D data obtained during Tests
2527, 253T, 254T, 255T, 2057, 209T and 2107 are considered repre-
sentative of the L/D performance actually achieved during the

flight test program.

Effects of rear-keel-suspension-line length on giiding-£flight
characteristics. - Figures 126 and 127 show L/D, CL and CD as
functions of the rear keel setting. These data show the same
variation of performance from test to test as previously identified
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a 251T . 99 <594 « ,602 111
O 252T 1,00 .607 - ,618 v
O 254T 1, 50 .590 - . 619 VI
A (1) 205T 1, 25 . 603 I
¢ (1) 209T .95 . 603 A\
(1) 2io0T .95 . 603 v

r n
(/&1?@17
(1) Solid symbol data obtained from Askania
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Figure 1260

Rear keel setting , lRK/‘eK

Lift-to-drag ratio versus rear keel setting
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v
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(1) Solid symbol data obtained from Askania
|

) I

.88 .90 .92 . 94 .96 .98

Rear keel setting , [RK/[K

Figure 127, Lift coefficient and drag coefficient versus rear keel setting

191

-




-~ .

g

e .

s v g

A IR ST SO SRR ¢

s

s
i
H

in the section on the effects of tip setting. As before, the
flight path angle measurements obtained during Tests 250T and 251T
are not considered accurate. The remainder of the data shown on
Figure 126 defines the range of L/D performance achieved during
the free-flight tests. As shown by Figure 126, L/D could be re-
duced approximately 0.5 below the maximum attainable L/D by re-
tracting the rear-keel-suspension lines.

Figure 127 presents the C. and CD data obtained during the

controllable vehicle tests ansthe bomb vehicle tests. As with

the L/D data, there were appreciable differences in the data from
test to test., 1In particular, large differences exist in the values
of CL and CD determined from ASKANIA in the bomb vehicle tests,
compared with those determined from the on-board instrumentation

in the controllable venicle tests. These differences were felt

to be due to airspeed measurements as provided by the on-board
instrumentation, compared with the airspeed measurements provided
from ASKANIA. To verify this, an analysis was performed of the
rate-of-descent data, both from ASKANIA and from the on-board in-

strumentation. Results of this analysis are presented in Tahle 14.

Table 14 shows average rate-of-descent values converted to
mean-sea-level conditions for several tests, both from ASKANIA
measurements and from on-board measur m=2.ts. Table 14 also pre-
sents the ratio of ASKANIA MSL rate-cf-cescent for Test 250T to
the MSL rate-of-descent for each test. (Use of Test 250T as a
baseline was arbitrary.) Finally, since rate-of-descent is pro-
portional to the square root of wing loaling, the ratio of the
square root of wing loading for Test 250! to the square root of
wing loading for each test is presented. A study of Table 14
shows that on-board measured rate-of-descent for each test was
consistently and significantly lower than ASKANIA measured rate-of-
descent. Also, the ASKANIA rate-of-descent ratio compared closely
with the square-root-of-wing loading ratio for each test. From
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this analysis it was concluded that the on-board airspeed measure-
ments were consistently low, resulting in high values for the aero-
dynamic coefficients based on these airspeed data. The CL and CD
values determined using ASKANIA airspeed data appeared to be cor-
rect for the 72 ft lx twin keel parawings. For this reason the

CL and CD curves based on ASKANIA data are used in subsequent
performance discussions and presentations for this wing.

Figures 128 and 129 present L/D, CL
during wind tunnel tests with 15 ft RK and 22.7 ft QK models,
respectively. Figures 130 and 131 compare rer -»sentative data
from these tests with the results of the small-scale, free flight
tests and the intermediate-scale, free flight tests. These data

and CD data obtained

show that the L/D performance obtained during the intermediate-
scale, free flight tests compares favorably with L/D performance
measured during the small-scale, free flight tests. Neither the
small-scale nor the intermediate-scale free flight tests produced
L/D values as high as those obtained during the wind tunnel tests.
During the wind tunnel tests, the model mounting system separated
by a significant amount, the tip suspensiocon lines and rear keel
suspension lines from the main group of suspension lines (see
Reference 1l). This attachment arrangement resulted in undetermined
differences in inflated shapes between the free flight and the wind
tunnel parawing configurations. These differences may have been
the cause of the mismatch between the free flight and wind tunnel

data.

Effect of wing loading on L/D performance. - Figure 132 is a

plot of L/D versus wing loading for the intermediate-scale free
flight tests. These data show that for the wing loading range
tested (0.95 psf to 1.50 psf), L/D decreased as wing loading in-
creased. It should be recognized that these data are from tests
where the parawing was either at a fixed rigging (200 Series tests)

or with parawing trim capability limited to the tip lines and rear
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Figure 128,

Rear keel setting, fpo./ [y

Performance data for 15 ft IK twin-keel parawing
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Figure 129, Performance data for 22.7 ft BK twin keel parawing
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Curve Type Test lK(ft) Lt lK wD/SW(pSf)

a Wind Tunnel 22,7 0,590 1,0 *

b Wind Tunnel 22,7 0.606 1.0 *

c Wind Tunnel 15,0 0.616 1.0 *

d Free Flight 22,7 0.617 0.95

e Free Flight 22.7 0.617 0. 65

1,o f Free Flight 22,7 0.617 0. 60
g Free Flight 72,0 0. 600 .95-1,25
h Free Flight 72.0 0.600 1,25-1,50
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NOTE: The free-flight data are adjusted for the effect
of test vehicle drag assuming the test vehicle degraded
L/D by 0.1,
: | | J6
.86 . 88 .90 .92 .94 .9
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Figure 130, Free-flight and wind tunnel L/D performance for

twin-keel parawing
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Figure 131, Frece-flignt and wind tunnel lift and drag coefficient data
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keel lines (250 Series tests). Therefore, the complete parawing
suspension line rigging may not have been optimum in these tests,
because of deployment-load-induced suspension line elongation.
Because of apparent inaccuracies in the measurement of velocity,
insufficient data were obtained to determine how the 1lift and drag
coefficients varied with wing loading.

Figures 133, 134 and 135 show previously obtained free flight
and wind tunnel data for 22.7 ft 2K parawing models. These data,
particularly the wind tunnel data, show significant variations of
L/D with changes in wing loading and dynamic pressure. Figure 134
shows L/D plotted versus dynamic pressure and also versus an ap-

proximate equivalent wing loading, where an assumed C_, value of 0.6

R
was used to convert from dynamic pressure to wing loading by the
relation

YE =C = 0.6

Sy R 9 «0 q
Figure 136 is a composite plot of small-scale, free flight and wind
tunnel data, and intermediate-scule free fiicht data. The wind
tunnel data in this figure are plotted versus the approximate equiv-
alent wing loading, based on as assumed Cr value of 0.6 as described
above. The data in Figure 136 show a similarity between the wind
tunnel tests and the 72 ft Ly Pa awing free flight tests, relative

to the variation of L/D with wing loading.

Figure 135 shows the CL and CD variation of two models, one
with and one without chordwise reinforcing tapes. 'The plots in
Figure 135 indicate that as dynamic pressure was increased in the
wind tunnel, CD also increased. This behavier of increasing CD
with increasing dynamic pressure occurred for both models tests.
The variation of the CL data with dynamic pressure in Figure 135
was not as consistent as that shown for the CD data. The model
without the reinforcing tape network showed a reduction in C, as
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Figure 133, L/D vs. wing loading for 22, 7 ft L K twin-kez=1 parawing

models during free-flight tests
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Figure 134, L/D vs. dynamic pressure and wing loading for22,7 f
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twin-keel parawings during wind tunnel tests
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dynamic pressure increased. The model with the reinforcing network
showed no appreciable change in CL as dynamic pressure increased.
The canopy structure of the model with the tape reinforcing network
approximated the canopy structure of the 72 ft zK models flown on
the controllable vehicle. On the basis of the wind tunnel test
data the probable reason for the decrease in L/D with increasing
wing loading for the 72 ft 2K model tests, was an increase in drag
coeff.cient. Cause of this increase in drag coefficient was not

determined.

Turn Rate Test Data and Analysis

Figures 137 through 142 present the turn rate data obtained
du..ng the intermediate-scale parawing tests. The data are shown
as plots of turn rate versus differential tip setting. Turn rate
is defined as the angular rate of change of heading. Differential
tip setting is defined as the difference in length between the two
tip suspension lines divided by the reference keel length, QK'

Any combination of tip suspension line lengths that resulted in
the right tip suspension line being shorter than the left tip sus-
pension line was considered a right turn input. The reverse is
true for combinations which resulted in the left tip suspension

line being shorter than the right tip suspension line.

During the various tests, numerous combinations of tip sus-
pension line lengths were tested. For purposes of data presenta-
tion, the turn rate date are plotted and identified in groups
defined by the length of one tip suspension line. The length of
this tip suspension line varied over only a small range, while
the length of the other tip suspension line varied over a large
range. The differential produced between the two tip suspension
lines was the turn control input. Also listed in the figures is
the range of rear keel settings corresponding to the given set of

data defined by the reference tip setting range.
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Examination of the data in Figures 137 through 142 shows that
in general, turn rate was a linear function of differential tip
setting for a givea wing loading. There were limits, however, on
the maximum differential tip setting that could be used to generate
a turn, Two separate effects determined the maximum allowable
differential tip setting, as follows: (1) The maximum tip setting
allowable for either tip suspension line was approximately 0.64.
Extending the tip suspension line beyond this setting resulted in
improper inflation of the wing and erratic flicht. (2) Minimun
tip setting allowable for either tip suspension line was approxi-
mately 0.57. Retraction of a tip suspension line to a setting
less than 0.57 resulted in erratic flight behavior, due apparently
to a partially stalled condition. The data from Tests 251T and
253T demonstrate condition (l1l). As shown by the data on Figures
138 and 140, turn response was limited for the case where the ref-
erence tip setting was in the range of 0.631 to 0.645. The data
from Tes:c 252T demonstrate condition (2). During Test 2527, turn
rate was limited; due to a stall which occurred when one tip sus-
pension line was retracted to a setting of approximately 0.56.

The data obtained during this test program indicate that for
a given wing loading, turn rate is a linear function of the dif-
ferential tip setting, provided the setting of the longer tip
suspension line does not exceed approximately 0.64, and the set~
ting of the shorter tip suspension line is not less than 0.57.
Based on these limits the maximum differential tip setting is 0.07.

During the small-scale parawing test program, turn rate datc
were obtained. These data also showed turn rate as a linear func-
tion of control input. Fiqgure 143 shows the slopes of turn rate
versus control input plotted as a function of wing loading ~Aivided
by the reference length, EK. These data plotted on a lcgarithmic
scale approximate a straight line and indicate that the ratio of

W/S

&/GT/QK is an exponential function of T Figure 143 shows data
K
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from both the 400 square foot and 4000 square foot parawing tests.
An empirical equation which relates turn rate respense te the ratioc

of wing loading over reference length is:

1.564
. W_/S
LA 3.248( Dz W) x 10°

Based on the above equation, the indicated turn rate capability

P . " T

of the 4000 sq ft twin keel parawing with a maximum differential
tip setting of 0.07 is 53 degrees per second at a wing loading of
1.5 psf and 40 degrees per second at a wing loading of 1.25 psf.

Control Force Test Data and Analysis

Figures 144 and 145 present the force measurements obtained
for the tip suspension lines. The data are presented in the form
of ratios. For straight gliding f£light, Figure 144 gives the
ratio of the average of the force in the left and the right tip

P ST aa i S A L RIS L R R ]

suspension lines, to the suspended weight. The data in Figure
144 are plotted as a function of the average tip setting. Figure
145 gives the tip suspension line force data obtained during the

' :
A P S SR e

turn tests. These data are presented as the ratio of the
individual-tip-suspension-line load to CRqu. The data are plotted
as a function of the individual tip setting. CRqu is, by defini-
tion, the total resultant force experienced by the parawing during
flight. The data on both Figures 144 and 145 show appreciable
scatter. The probable cause of the scatter in these data was the
method used to measure the forces. The control line winch was in-

strumented in such a manner that eccentricities in the winch shaft

i
e %
S
b
R
%
.s’[

rotation resulted in application of an incremental force to the

load cell. The force applied to the load cell due to shaft rota-
tion was a function of shaft position. Consequently, the measured
load was high or low, depending on the position at whict the vinch
stopped. An average line through the data presented in both figures
is probably a good approximation of the actual force in the tip
suspension line, as a function of its length. Both sets of load

data appear to vary linearly with tip setting.
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Summary of Gliding rlight Performance

Both the bomb-vehicle tests and controllable vehicle tests
showed that the twin keel parawing configuration flown had stable
flight characteristics when the tip setting was about 0.605, and
the rear keel setting was in the range of 0.940 to 0.956. For
these control line settings, tihe wing maintained a solidly inflated
condition with no tendency to stall during turning maneuvers or
when encountering turbulent-air flight conditions. Also, when
trimmed for straight flight, the wing maintained straight flight

without additional control inputs.

For system design purposes with the twin keel parawing config-
uration tested, an L/D of from 2.5 to 2.7 and a CR of approximately
0.64 should be used. These numbers represent the performance that

can be expected using the recommended tip and rear keel settings.

During the intermediate-scale test program it became apparent
that for a given canopy and suspension line configuration, appre-
ciable changes in L/D could not be accomplished by changing the
lengths of either the tip suspension lines or the rear keel sus-
pension lines. Extreme variations in the length of the tip sus-
pension lines resulted in uncontrolled changes in flight charac-

teristics. Too short tip lines resulted in wing stall. Too long

tip lines resﬁlted in wing-leading-edge collapse and erratic flight.

Test results obtained during the intermediate-scale test program
indicated that for the suspension line rigging used during this
test program, the recommended tip setting and rear keel setting

are approximately 0.605 and 0.95, respectivelv.

Modulation of L/D by shortening the rear-keel suspension lines
was limited by wing stall. The maximum reduction of L/D that
could be accomplished by shortening of the rear-keel suspension
lines was approximately 0.5. Also, retraction of the rear-keel
suspension lines to a setting of less than 0.94 apparently had the
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effect of limiting the minimum length of tip suspension lines that
could be used as a turn control input. This is logical, since de-
creasing the length of either the rear-keel or tip suspension lines
had the effect of increasing the angle-of-attack of the wing. Thus,
the combination of retracting the rear-keel suspension lines to
modulate L/D and retracting a tip suspension line for a turn input
was limited by the stall angle of the wing. It also follows that

R SNSRI oo s, SISl SN SNRSa ik Lo

at the minimum L/D obtained by retracting the rear-keel suspension

lines, any turn input would result in a wing stall. 1In general,

it may be concluded that for a given configuration of wing and sus-

pension line rigging, L/D cannot be modulated appreciably by chang-
: ing the lengtl : of either the tip or rear-keel suspension lines.

Turn rate with the parawing attachment geometry used in this
test program, was found to be a linear function of the difference
in length between the tip suspension lines for a given wing load-
ing. The maximum allowable differential between the tip lines was
: found to e 0.07 2k with the additional limitation that the shorter
K tip line was no shorter than 0.57 ZK and the longer tip line was

no longer than 0.64 QK' Retracting a tip line to a length less

P PR,

than 0.57 QK resulted in the wing stalling on the retracted-tip

.

N side. Extending a tip suspension line to a length greater than
0.64 resulted in collapse of the wing leading-edge on the extended-

tip side. For a given size wing and control input, turn rate was

P T S
Ry W g,

found to be proportional to wing loading to the 1.564 power. This

factor is important in that for systems with high wing loadings,

s3
el

i

only small control inputs would be required for relatively high
turn rates. Such systems would be verv s:nsitive to control in-

puts and require a precise control system.
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CONCLUDING REMARKS

Based on the results of the parawing program, the following

conclusions are drawn:

l.

The parawing has very positive opening characteristics.
In seventy-five aerial drop tests the parawing never
failed to open, even in those tests where the parawing
canopy sustained heavy damage in the deployment process.
The tests confirmed the need for a five-stage dewnlov-
ment process to maintain deployment decelerations at or

near a 3 G level.

Tests with the 4000 sq ft, twin keel parawing at condi-
tions to simulate a full-scale (10,000 sq ft) parawing
at a wing loading of 1.5 psf, showed that 8 percent
reefing is required to maintain the deployment loads at
or near a 3 G ievel. With 8 percent reefing and with
nose reefing the full-scale parawing first, second,
third, and fourth reefed stage and full open predicted
loads are 3.4, 3.4, 3.3, 3.0 and 2.8 G's, respectively.
However, the results of comparison of small- and inter-
mediate-scale tests suggest that the scaling methods

used in this program may not be wholly valid.

Suspension line loading for the parawing configuration
tested was very nonuniform. Adding five lines on each
leading edge of the twin keel parawing substantially
reduced the load level of certain highly loaded, leading
edge lines in the second reefed stage. Suspension line
load ratios were found to be independent of reefing

ratios.

First-reefed-stage filling time was found to be inversely

proportional to the inlet area in tests with both 400 sq
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ft and 4000 sq ft parawings. The 4000 sq ft parawing
tests also indicated that first-reefed-stage filling
time was inversely proportional to the velocity at para-
wing line stretch. Both 400 sq ft and 4000 sq ft para-
wing tests showed first-reefed-stage-drag-area growth
was a two-step linear process.

The 4000 sq ft parawings, in the configurations tested,
exhibited four modes of canopy structural failure. Cor-
rective actions completely eliminated three of these

four failure modes. The remaining failure mode -- local-
ized canopy cloth damage in the early stages of deploy-
ment with propagating cloth tears -- was confined, but
not eliminated. The corrective action, consisting of

the addition of a ripstop tape matrix to the parawing
canopy, limited the extent of tear propagation. However,
localized canopy cloth damage continued to occur, with
the frequency and extent of such damage increasing at
the higher parawing deployment dynamic pressures.

Free flight values of maximum L/D were found to be in
the range of 2.5 to 2.75 for the 4000 sq ft wing area
twin keel models. Corresponding to this L/D performance
range, the resultant force coefficient was found to be
approximately 0.64. This performance was obtained with
a nominal tip setting of 0.605 and a nominal rear set-
ting of 0.940 to 0.954.

For the 4000 sq ft, twin keel configuration tested, L/D
modulation by retracting either the rear-keel or tip
suspension lines was not effective. L/D could be re-
duced approximately 0.5 by retraction of the rear-keel
suspension lines. At this modulated L/D condition, the

parawing was at the threshold of stall.
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Twin keel parawing turn rate was found to be a linear
function of the difference in length between the tip sus-
pension lines, provided a tip setting (zT/zK) neither
exceeded 0.640 nor was less than 0.570. Based on these
limits, the maximum differential tip setting is 0.07.
With a maximum differential tip setting of 0.07, the
indicated turn rate capability of the 4000 sq ft twin
keel parawing is 53 degrees per second at a wing loading
of 1.5 psf and 40 degrees per second at a wing loading

of 1.25 psf.

Twin keel parawing turn rate was found to be proportional

to (wing loading/keel length)l‘564.

The 4000 sq ft twin keel parawings flown during this test
program were aerodynamically stable and controllable.
With tip and rear keel settings of 0.505 and 0.950,
respectively, the canopy maintained a stable inflation
and showed no tendency to stall during turning maneuvers
or in turbulent-air flight conditions. The twin keel
parawing was directionally stable and responded quickly
and precisely to turn control inputs, both entering and

leaving a turn.

The parawings could be stalled by retracting the rear
keel control line or the tip lines. The wings were
easily recovered from the stall by returning to the

gliding-trim contrcl line settings.
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APPENDIX A

TEST VEHICLES AND INSTRUMENTATION

The test vehicles used in the intermediate-scale parawing
flight test program, together with their associated instrumenta-
tion, are described in this appendix. Two different types of test
vehicles were used in the intermediate-scale program. The first
was a bomb-type test vehicle, designed and built by Northrop, for
use in parawing aerial deployment tests. The second was a sled-
type, controllable test vehicle, designed and built by the NASA,
Manned Spacecraft Center, for use in parawing controlled aerial
gliding-£flight tests. Both of these vehicle types and their asso-
ciated instrumentation are described in the following pages.

Intermediate-Scale Bomb-Type Test Vehicle

General description. - The intermediate-scale bomb-tyve vehicle,

of which two identical vehicles were huilt, was cylindrical in
shape, with a hemispherical nose and a flared, cone-cylinder aft
section. The vehicle had an overall length of 11 feet, 8 inches,
a forebody diameter of 37 inches, and an a2ft section maximum dia-
meter of 59 inches. The aft deck was sized to permit a parawing
attachment arrangement scaled to the parachute deck of the Apollo
command module. The vehicle was capable of being ballasted from
a minimum weight of approximately 2600 pounds to a maximum weight
of approximately 6000 pounds.

The vehicle was equipped with a pair of skids for landing and
for support and attachment to Air Force extraction sleds used with
either a C-119- or a C-130-type launch aircraft. The vehicle was
also equippred with a single top mounted attach lug for launch from
the bormb bay of a B-66 aircraft. Figure 146 shows a sketch of this
vehicle.
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NORTHROP

The basic bomb test vehicle structure consisted of a heavy
steel pipe central core, to which were mounted a hemispherical
nose, forward, center and aft bulkhead assemblies, and an aft deck
assembly. %hese sections were designed to he slioped onto the cen-
tral pipe core and then securely fastened to the core. The major
subassemblies to the bomb structure are illustrated in Figure 147.

Gross weight changes to the vehicle were accomnlished by add-
ing (or removing) semicircular steel discs to the center bulkhead f
assembly. These ballast discs were normally added in pairs, one '
on each side of the bulkhead, in order to maintain the vehicle
center-of-gravity position at the center bulkhead station. Small
weight adjustments to the vehicle were made by adding (or removing)
lead shot in four compartments located in the hemispherical nose
section.

The aft deck assembly served several functions. First, it
provided an enclosure for the packed parawing svstem and the de- ;
ployment system, including the programmer parachute(s) and the .
parawing pilot chute(s). Second, it provided a structural deck
for attachment of the parawing and programmer parachute(s) to the
vehicle and for retention of the parawing, programmer parachute,
and pilot chute packs. Third, the flared shave of this assembly

T ottty e Sy

provided aerodynamic stability to the test vehicle following ve-
hicle separation from the launch aircraft and after programmer
parachute disconnect. Figure 148 shows a photograwva of one of the
intermediate-scale bomb test vehicles.

Instrumentation. - The instrumentation module, containing the

battery power suoply, the sequencing unit, the telemetrv unit, and

the 3-axes accelerometer package, was mounted in the nose section ;
of the vehicle, This module, the same as that used in the small-

scale bomb vehicle, was installed in the vehicle by removal of a

cover plate in the forward end of the nose. Aft mounted instru~
mentation and pyrotechnics, such as the total load transducers,

the individual-suspension-line-load transducers, and the cartridges ' -
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for initiating programmer parachute disconnect and parawing line
transfer, were connected to the instrumentation module through
electrical cabling between the aft structural deck and the module.
An aft looking lémm camera, located just forward of the structaral
deck, was also electrically connected to the instrumentation mod-
ule. A block diagram of the instrumentation module is shown in
Figure 149. Table 15 lists the instrumentation used for a typical
bomb vehicle test.

In addition to the aforementioned instrumentation, the bomb
vehicle was equipped with two sets of lanyard actuated sequencer
switches, ground checkout switches and test indicator lights, all
motnted in the vehicle nose sectio... The set of sequencer switches
mountea o . the top of the vehicle nose section was designed for
use with the vehicle launched from the bomb bay of a B-66 aircraft.
The lower set of sequencer switches was designed for use with the
vehicle launched on an extraction sled from either the C-119 or
the C-130 aircraft.

Intermediate~Scale, Controllable, Sled-Type
Test Vehicle

General description. - The intermediate-scale, controllable,

sled-type test vehicle was developed by the NASA, Manned Spacecraft
Center, Houston, Texas, for controllable parachute testing in the
5000 pound payload range. Two basically identical vehicles we~e
designed and fabricated for use. The two vehicles differed only

in their weight range capability. The serial no. 1 vehicle had a
weight range from 3106 pounds to 3646 pounds, while the serial no.
2 vehicle had a weight range from 3711 pounds to 5646 pounds.

The controllable test vehicle structure had a rectangular
planform base, consisting of two large skids, fabricated from 15-
inch steel channel. To the base was mounted a load bearing struc-
ture, consisting of four, 47-inch long sections of 5-inch diameter
steel pipe, coupled with stabilization braces, as shown in Figure
150. Atop the load bearing structure was mounted an upper deck.
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NORTHROP
TABLE 15. - INSTRUMENTATION FOR A TYPICAL BOMB-VEHICLE
TEST (200T)
% IRIG TM channel Parameter measured Sensor range
18 Outboard riser load (left) 0 to 5000 1lbs
17 Suspension-line load (LK12) 0 to 5000 1lbs
16 Suspension-line load (L7) 0 to 5000 1lbs
13 Main load (aft) 0 to 15,000 1lbs
12 Suspension-line locad (16) 0 to 5000 1lbs
& 11 Suspension-line load (L1l) 0 to 5000 1lbs
? 10 Outboard riser load (right) 0 to 5000 1lbs
9 Main load (forward) 0 to 15,000 lbs
’ 8 Z-axis acceleration -1 to +4.5 G
7 Y-axis acceleration -2.30 to +3.50 G
i} 6 X-axis acceleration -2.31 to +3.89 G
1

J 5 Events - - - -

o NOTE: Suspension-line loads were measured in place of accelera-
s tions (channels 8, 7, 6) on some tests.
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The upper deck was circular in planform, 52 inches in diameter and
constructed of 1/4-inch steel plate. The deck was supvorted by a
square framwork of 4-inch H beams, through which parawing loads
were transmitted to the vehicle structure. The upper deck was
sized to permit a parawing attachment arrangement scaled to the
parachute deck of the Apollo command module.

Between the upper deck and the base was a large instrumenta-
tion pallet, to which was mounted all load sensitive equipment.
The pallet rested on two blocks of aluminum honeycomb. The wallet
was free to move verticallyv, guided by the four main structural
steel pipes, with the blocks of honeycomb serving as an impact
attenuation subsystem. The basic vehicle structure measured 122
inches in overall length, 55 inches in width and 47.7 inches in
height.

Vehicle weight changes were accomplished by adding steel
plates and lead weights at four locations on the heavy steel skids,
as indicated in Figure 150. The ballast was arranged to provide
vehicle inertias and flight characteristics dvnamically similar to
a 15,000 pound Apollo command module.

The vehicle was equipped with a control system, consisting of
three independent motor-winch devices which were located on the
instrumentation pallet and were activated by ground radio command.
Control cables for each of the three motor-winch devices were
routed through fairings in the vehicle upper deck to the varawing

tip suspension lines (2) and the rear keel susnension line(s) (1).

When rigged for flight, the parawing risers were connected to
attachment hardware on the upper deck. This attachment hardware
was rimilar to that used with the bomb test vehicle, except for
the additional feature of parawing disconnect. The disconnect svs-
tem, which included cable cutters to sever the three control cables,
served to completely separate the parawing specimen at impact to
prevent vehicle dragging, or to jettison a failed parawing prior
to deployment of the emergency recovery system.
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Control line Ballast location Load carrying support structure
feed through (4 places)

(3 places)

- - Television camera
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104 v
122
Emergency Upper deck Control motor/winch subsystem
subsystem (3 required)
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X ’ = Instrumentation
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. \ \\ — N Pyrotechnic sequencing
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// mechanism
Instrumentation pallet

L./ D extension/retraction boom
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Note: 1, Not to scale
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are approximate

Figure 150, Intermediate-scale, controllable, sled-type test
vehicle, showing location of principal subsystems
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The parawing pack itself was mounted on top of the unper deck g
and held in place with a suitable retention system. The nrogram-
mer parachute pack was mounted to the support structure forward of

the upper deck, with harness attachment to disconnect fittings on

e

the upper deck. Figure 151 shows a photograph of the serial no. 1
controllable test vehicle rigged for flight prior to Test 250T.

The controllable test vehicle was equipnped with a radic-
command activated, emergency recoverv svstem, This system was
designed to recover the test vehicle in the event of failure of
the parawing test specimen. The emergency system consisted of a
drogue gun, a pilot parachute and an 84-ft DO ringsail parachute,
This svstem was located on the aft end of the test vehicle, below
the upper deck.

To provide suitable positioning of an L/D sensor and airspeed
indicator in relatively undisturbed air, the vehicle was config-
ured with an extending boom system. The boom itself consisted of
a cantilever-mounted, square aluminum tube which could be radio
commanded to extend or retract. The boom an¢ sensor assemblv were
normallv retracted at launch and extended onlv after narawing
gliding flight was established. Also, the boom was normally re-
tracted prior to vehicle impact to protect the sensor.

Instrumentation. - The instrumentation system for the vehicle

was designed to measure onboard parameters and events and telemeter
this information to a ground receiving station. The onboard tele- ;
metry consisted of a l5-channel unit. Fourteen channels were used
for real time monitoring and one channel was commutated for sam-

pling data from 16 parameters, for a total telemetrv output of 30

channels of information. Table 16 lists the instrumentation used

for the controllable-vehicle tests.

The data collection devices included: (a) three accelerometers
for measuring vehicle vertical, lateral, and longitudinal accelera-

tions; (b) load cells for measuring total parawing loads, control
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IRIG TM channel

234

15
14
13
12
11

10

TABLE 16

Continuous Data

Parameter measured

Left tip-line 1load
Z-axis acceleration
Aft main load

Forward main load
Airspeed indicator
Nose load

Keel control-line load
Right tip-line load
Angle of attack
Directional heading

Vertical reference (8)

Keel-control-line position

Right-tip-line position

Left-tip~line position

INSTRUMENTATION FOR CONTROLLABLE-VEHICLE TESTS

Sensor range

0 to 1000 1lbs
t10 G

0 to 15,000 1bs
0 to 15,000 1lbs
0 tu 60 fps

0 to 750 lbs

0 to 2000 1lbs

0 to 1000 1lbs

© to 90°

0
+180°
+45
0 to -68 in
0 to -68 in

0 to -68 in
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TABLE 16, - CONTINUED*
Commutated Data (IRIG E Channel) |
‘Commutagoy Parameter measured Sensor range
switch position
3,18,33,48,63,78 Left riser load 0 to 5000 lbs
4,19,34,49,64,79 Right riser load 0 to 5000 lbs
5,20,35,50,65,80 X-axis acceleration 2.5 G
€,21,36,51,66,81 Ambient pressure 0 to 15 psia
7,22,37,52,67,82 Y-axis acceleration 2.5 G
8,23,38,53,68,83 Roll rate (p) +150 deg/sec
@,24,39,54,69,84 Pitch rate (q) 150 deg/sec %
10,25,40,55,70,85 Yaw rate (r) +150 deg/sec
11,41,71 Sideslip angle +45°
13,43,73 Suspension-line transfer - - - -
- event
14,44,74 Parachute disconnect - - - -
- event
15,45,75 Emergency parachute armed - - - - ‘
- event ]
16,46,76 Boom extended - event - - - - i
26 ,56,86 Program parachute - event - - - -
27,57,87 Zero time - event - - - -
28,58,88 Battery voltage - - - -

NOTE: The data were commutated using a 90 by 10 commutator. The '
first eight sensors were attached to six switches each, and >
thus, were commutated at 60 samples/sec; the remaining eight
were attached to three switches each, and thus, were commu-
tated at 30 samples/sec. On tests 2Z50T and 251T, ambient
pressure and sideslip angle were interchanged from what is
shown above. T e
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line loads, and parawing nose line (L1 and R1l) load; (c) three
linear potentiometers for measuring control line positions: (d) a
three-axis rate gvro unit for measuring vehicle roll, nitch, and
yaw rates; (e) a directional gvro for vehicle azimuth readout;
(g) a special sensor for measuring vehicle angle-of-attack, vaw
angle and airspeed; (h) a vertical reference sensor; (i) wiring
for indicating kev test events; and (j) a resistive voltage di-
vider for measuring the instrumentation battery voltage. Items
(g) and (h) were mounted on the forward end of the extensible
boom device previously identified.

In addition to the aforementioned instrumentation, the vehicle
was equipped with two lémm cameras. One camera was vertically
mounted to record the varawing denloyment orocess. The other cam-
era was forward facing to view the extensible boom sensors and
ground ahead of the vehicle. Finallv, the vehicle was equivoped
with a forward-and-down viewing television camera which rrovided
a TV monitor picture at the ground controller :-tation, of the view
ahead of the vehicle.

236

prees



e I

. oo 8 e

APPENDIX B
DATA PROCESSING AND CORRECTIO!l PROCEDURES
This appendix summarizes the data processing and data correc-
tion procedures used in the intermediate-scale parawing test

program.

Bomb-Type Test Vehicle

Test system dynamic pressure versus time. - Phototheodolite

tracking data provides velocity of the test svstem relative to the
ground. To compute test system dvnamic pressure, the velocity

must be referenced tc the ambient air. Thus, ground based velocity
measurements must ke corrected for movements of the aabient air
relative to the grocund. The normal method for making these correc-
tions is through use of RAWIN wind data obtained by tracking a
sounding balloon. Thic method has the disadvantage that the RAWIN
balloon measurements are nc¢ ~ade at the same time or in the same
location as the actual drop test. For these reasons, significant
errnors can occur in making wind corrections usi.ag RAWIN data. To
overcome this difficulty, a different method of wind correction

was used in the intermediate-scale parawing aerial drop tests,
During the initial phase of the parawing deployment sequ:nce, v .2

test system was essentially moving vertically, relative to the am~

bient air. Using the time of parawing first-stage disreef as the

reference point, the horizontal velocity component as measured by ‘
phototheodolite at this instant was used as the wind correction

during the parawing deployment process. This correction method

assumes that the wind velocity and direction over the altitwlje

range of parawing deployment is constant and equal to the measured
horizontal velocity component at parawing first-stage disreef.

The phctotheodosite velocity measurements during the deployment

process were corrected by subtracting v.ctorially the reference




point, horizontal velocity component. Using the corrected velocity
measurements and the atmospheric density obtained by RAWIN sounding
balloon, corrected dynamic pressure was computed for the duration
of the parawing deployment process.

Total force applied to the parawing during the deployment pro-

cess. - On-board instrumentation provided force measurements which,
when telemetered to the ground receiving station, were recorded as
force-time histories of the flight. The force measurements were
those forces applied to the bomb vehicle by the parawing through
the four risers. To obtain a total measured force-time history,
the individual riser forces were summed at discrete time intervals
in the deployment process. These total-riser-force measurements
were then corrected for the mass of the parawing test specimen
itself. Normally, this correction is not made for cloth-type
decelerators, since the mass of the decelerator is a very small
percentage of the mass of the test system. However, in the case
of the intermediate-scale parawing test systems, the mass of the ]
parawing was as much as 1l percent of the system mass. The total
parawing force was obtained by multiplying the measured total
riser force by the ratio of the total system mass to the mass of

the system below the force measuring links.

Drag area growth and full inflation time for parawing first-

reefed-stage. - The parawing drag area growth characteristics dur-

ing the first-reefed-stage inflation were obtained from analysis
of on-board photographic coverage of the parawing deployment. The
technique was to measure the length and width of the projected
parawing planform during the inflation process, under the assump-

tion that the drag area was proportional to the product of the

measured length and width. The point of full reefed inflation was
determined by plotting the length-width products versus time from
line stretch and approximating the resulting curve with straight-

line segments. The time and value of length-width ratio where the
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plot indicated that full reefed open had been reached were used to
non-dimensionalize the data. Finally, plots of drag area over
drag area at full reefed inflation versus percent of time to full

reefed inflation were prepared.

Lift-to-drag ratio and rate-of-descent during parawing gliding
flight on the bomb-type vehicle. - All the bomb-type vehicle tests

that resulted in a properly inflated, gliding parawing configura-

tion resulted in a spiral gliding descent of the parawing. The
average L/D was determined by a numerical averaging of the ratio
of horizontal-to-vertical velocity during the gliding portion of
flight. Due to the spiral nature of the system flight path, the
effects of wind were thus cancelled out by the averaging process.
Phototheodolite measured rate-of-descent during the gliding por-
tion of flight, converted to mean-sea-level conditions, was also
averaged and used as the reference velocity in computing lift,

drag, and resu'tant force coefficients.

Lift, drag, and resultant force coefficients. - The lift, drag,

and resultant force coefficients were computed, based on the aver-
age L/D and the average mean-sea-level rate-of-descent during the
gliding portion of the parawing flight. Atmospheric data for
these calculations were obtained by RAWIN sounding balloon. Fig-
ure 152 presents the axis system and the equations used to compute

these coefficients.

First stage filling time. - Filling times were determined by

analysis of on-board photographic coverage. For these analyses,
filling time was defined as the time from line stretch to that
time when the projected area of the first stage became relatively
constant at the steady-state, fully inflated condition.

Resultant force area (CRSW) versus time during deployment. -

Resultant force area versus time was obtained by dividing the

total corrected force by the corrected dynamic pressure.
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Figurc 152, Axis system and equations used in determining C
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Flight path angle, measured negative down from horizontal, degrees
Angle of boom relative to earth axis system horizontul, degrees
Angle of attack indicated by the boom sensor, degrees

Velocity indicated by the sensor, ft/sec

Rate of descent, average, corrected to mean-sea-lewvel, ft/sec.
Velocity, average, corrected to mean-sea-level, ft/sec,

Mass density of air at sea-level, slugs/ft

Pressure of air, 'bs/ft?

Specific gas constant

Temperature of air, degrees Rankine

L 2™

L’ CD and C




LR BT

PR

NORTHROP

Controllable Vehicle Tests

Dynamic pressure, total force, and resultant force area during

the deployment phase of the flight. - For the deployment phase of

the flight, data processing was handled in the same manner as

described for the bomb-type vehicle tests.

L/D during the gliding portion of the flight. - Lift-to-drag

ratio during the gliding portion of the controllable vehicle tests

was determined by measuring the flight path angle of the test sys-

tem relative to the ambient air. Measurements were made with a

vane-type indicator which measured angle-of-attack and angle-of-

sideslip of the instrument mounting boom, relative to the ambient

air, and a pendulum-type instrument which measured the altitude of

the test-instrument-mounting boom relative to an earth-horizontal-

reference plane. The combination of these measurements provided

flight path angle of the test system relative to the ambient air.

The test instrumentation was mounted on a boom which projected

forward of the test vehicle. 1In order to account for the effects
of the flow field around the test vehicle on the indicated flight

path angle, the test instrumentation/test vehicle combination was

calibrated in a wind tunnel. The results of the wind tunnel tests

shcwed that the flight path angle was defined as follows:

Y

Flight path angle, measured negative down from horizontal
(degrees) = 6 - @y

Angle of boom relative to earth axes system horizontal, degrees

Boom angle-of-attack in degrees as derived from the boom
sensor reading (corrected for payload interference effects)

=a; + 1.8300 - 0.3157 g~ = 0.1290 Vv, + .00387 ViB’

Angle of attack indicated by the boom sensor, in degrees
Angle of sideslip at the moment reference center in degrees
Vi sin Bl - rx + pz

V.
i

)

= 5in (
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Bl Sideslip angle indicated by the boom sensor, in degrees
v Velocity indicated by the sensor in feet per second

r, p Angular velocities about the Z- and X-axes, respectively,
in radians per second

X X-axis displacement of the sensor from the moment reference
center in feet

z Z-axis displacement of the sensor frcm the moment reference

center in feet

During the flight test program, comparisons of the corrected
values of L/D with phototheodolite-derived L/D data showed poor
correlation. On the other hand, values of L/D based on the un-
corrected, measured angles gave excellent correlation with photo-
theodolite-~derived L/D data. Consequently, all intermediate-scale
controllable-vehicle-flight-test L/D data in this report are based
directly on instrumentation-measured flight path angles. No cor-
rections were made for the effects of test vehicle or parawing on
the flow field in which the L/D sensor system operated. The L/D
values presented in this report are numerical averages over time
intervals of approximately ten to fifteen seconds, with the data
being sampled at the rate of one point per second. All values of
L/D are for straight flight or very slow rates of turn.

Lift, drag, and resultant force coefficients. - Lift, drag, and

resultant force coefficient values presented in this report for
the controllable-test-vehicle flights were based on uncorrected
flight~-path-angle measurements, indicated airspeed as measured by
on-board instrumentation, on-board instrumentation atmospheric
pressure measurements and sounding balloon atmospheric temperature
data. The time intervals for which coefficient data were analyzed
corresponded with those over which L/D data were computed. Figure
152 presents the axis system and the equaticns used to compute
these equations.
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Turn rate. - Turn rate was measured from recordings of headings

indicated by an on-board directional gyro. The turn rate data

s

- A e ok et £

presented in this report were obtained graphically by measuring
the slove of the directional-heading-versus-time plots. The gra-
phic measurements were always made during time intervals when the

system was in steady-state turn.

B L
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APPENDIX C

CHRONOLOGICALLY ORDERED RESUMES OF TESTS

Test 200T

The objective of Test 200T was to check twin keel parawing
test vehicle system operation under minimua load conditions and to
verify the parawing reefing system performance. A Version No. I
twin keel parawing was used in this test.

Launch of the 2879 pound (WD) bomb test vehicle from the C-130

aircraft and deployment of the programmer parachute were as planned.
Following programmer parachute disconnect, two pilot parachutes
were deployed, which in turn deployed the parawing. Extraction and
stretchout cf the parawing from its deployment bag were normal.
Dynamic pressure at the time of parawing line stretch was 28 psf,
compared with 20 psf plarned. Altitude at line stretch was 4754

ft, compared with 5000 ft planned.

All parawing reefed stages were normal. However, the line
transfer event occurred approximately 1.1 seconds after third stage
disreef, rather than the 3.0 seconds planned. Cause of the abbre-
viated fourth reefed stage interval was twofold. First, the time
from programmer disconnect to parawing line stretch actually re-
quired about one second longer than planned. Since the line trans-
fer event was controlled by an electric time delay initiated at
programmer parachute disconnect, while the third stage disreef was
controlled by a reefing-cutter-pyrotechnic time delay initiated at
parawing line stretch, the longer time to line stretch reduced the
fourth reefed stage interval by one second. Secondly, the third
stage reefing cutters fired approximately 0.9 second long. The
short fourth reefed s*age prevented the wing from opening fully,
prior to the line transfer event. Thus, these two events were
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somewhat merged, rather than separate and distinct. This anomaly
caused no particular problem, either in the deployment sequence

or in the subsequent gliding phase of the flight.

The gliding portion of the flight was normal, with the system
stable throughout the flight. The system made a very slow turn to
the left at a rate of approximately 1.4 degrees per second. Aver-
age MSL rate-of-descent measured was 9.35 fps, and the average
lift-to-drag ratio was 3.21, as determined from ASKANIA data.

Post test inspection revealed no significant damage to either
the parawing or the test vehicle. All instrumentation for the test
functioned as planned, except for the load link on line L6, which
registered a no-load signal until the line transfer event.

As a result of the abbreviated fourth reefed stage in this
test, the nominal time between third stage disreef and the line
transfer event was increased fron 3.0 seconds to 5.0 seconds on

all subsequent bomb vehicle tests.

Test 204T

The objective of Test 204T was to obtain design and scaling
data for a full-scale parawing system by means of scaled test con-
ditions simulating a 15,000 pound system weight deployed at 18,000
ft altitude, at a dynamic pressure of 70 psf. A Version No. I

wing was flown in this test.

Launch of the 3786 pound (ND) test vehicle from the C-130 air-
craft and deployment of the programmer parachute were as planned.
Following prcgrammer parachute disconnect, a pilot parachute was
deplcyed, which in turn deployed the parawing. Extraction and
stretchout of the parawing were normal. Dynamic pressure at the
time of parawing line stretch was 49.2 psf, compared with 44.3 psf
planned. Altitude at line stretch was 18,784 ft, compared with
18,000 ft planned.
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All parawing reefed stages were normal. However, the bomb
vehicle developed « spinning and coning type of oscillation after
first reefed stage inflation. These vehicle motions damped out
during subsequent scages of the deployment.

The gliding portion of the flight was normal, with the para-
wing-vehicle system stable throughout the flight. The system made
a slow turn to the left at a rate of approximately 3 degrees per
second. At 102 seconds into the flight the ASKANIA cameras were,
for reasons unknown, shut down; these cameras were not restarted
until 1360 seconds into the flight, some 21 seconds prior to im-
pact. For those portions of the flight where data were collected,
the average MSL rate-of-descent was 10.43 fps, and the average
lift-to-drag ratio was 3.08, as determined from ASKANIA data.

Post test inspection revealed no significant damage to either
the parawing or the test vehicle. Two minor discrepancies were
noted. One was the loss of the two, second stage reefing cutters
located at line RK2, due to broken reefing cutiter pocket tack ties
which permitted the cutters to fall out of their pockets after
functioning. The other was shearing of a roll pin on one of the
vehicle mounted, line transfer assemblies. The functiou of the
roll nin was to prevent rotation of the assembly beyond a fixed

angular displacement.

Test 200S

The objective of Test 200S was to check single keel parawing-
test vehicle system operation under minimum load conditions and to
verify the parawing reefing system performance. A Version No. I
single keel parawing was flown in this test.

Launch of the 2868 pound (WD) bomb test vehicle from the C-119
aircraft and deployment of the programmer parachute were normal,
except for a momentary hangup of the programmer pack against the
insicde of the vehicle aft can, due to initiai pitchover of the
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vehicle at launch. Following programmer parachute disconnect, two
pilot parachutes were deployed, which in turn deployed the para-
wing. Extraction of the parawing from its deployment bag was nor-
mal. Dynamic pressure at the time of parawing line stretch was
29.4 psf, compared with 25.0 psf planned. Altitude at line stretch
was 4882 ft, compared with 5000 ft planned.

All parawing reefed stages were normal. Followina the line
transfer event the nose of the parawing tucked under and remained
in that position throughout the gliding flight. The suspension
line rigging for this test had been used previously in small-scale
Tests 1058 and 107S. The tendency for nose tuck with this rigging
was evident in Test 107S, when shortly after line transfer in that
test, the nose tucked under and remained so tucked until touchdown,
Average MSL rate-of-descent for Test 200S was 14.46 fps, and the
average lift-to-drag ratio was 1.69, as determined from ASKAN1A
data.

Post test inspection revealed no damage to the parawing, other
than two small kurn holes, l1/4-inch and 1l/2-inch long, in the left-
hand lobe in the panel bounded by L3-1/2, K7, L4 and K8, plus nu-
merous scuff marks and discolorations distributed over the canopy.
The bomb vehicle was undamaged in the test.

Test 2015

The objective of Test 201S was to demonstrate the capability
of a 5000 pound system to be successfully deployed at the minimum
required altitude and dynamic pressure, namely 3000 ft a..d 30 psf,
respectively. A Version No. I single keel winyg was flown in this
teszt.

Launch of the 4997 pound (WD) bomb test vehicle from the C-130
aircraft, deployment of the programmer parachute and system opera-
tion until programmer parachute disconnect were as planned. Follow-

ing programmer parachute disconnect two pilot parachutes were
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deployed, which in turn deployed the parawing. Extraction and
stretchout of the parawing from its deployment bag were normal.
Dynamic pressure at the time of parawing line stretch was 32.6 psf,
compared with 30 psf planned. Altitude at lina stretch was 2627
ft, compared with 3000 ft planned.

At 1.35 seconds after parawing line stretch, as the wing
neared or reached first stage reefed inflation, the right lobe
split and collapsed. The tear appeared to start at a point near
tre center of the right lobe, just forward of the lateral tape be-
tween K9 and R4-1/2. The tear propagate: parallel *+o this lateral
tape in both directions, stopping at the keel just forward of line
K9 on the inboard side. On the outboard side the tear propagated
to the leading edge tape, then forward along the leading edge tave
to the lateral tape from R4 to K8 and continued inboard, parallel
to and just aft of this tape, from R4 to the K8 keel lin: reinfrorc-
ing patch. Thus, the right lobe damage was a complet: :ouring out
of the panel bounded by K8, R4, R4-1/2 and K9, excep: .~»r the space
between K8 and K9, whare the torn panel remained attached to the

wing.

At the time of first stage disreef, the dynamic pressure was
27.5 psf, compared with 12 psf planned, due o failare and subse-
quent collapse of the right lobe. At 0.18 second after first stage
disreef the left lobe split. The left lobe failure was a tear in
the canopy cloth extending from the edge of the K8 keel iine rein-
forcing patch outboard, parallel to and just forward of the lateral
tape from K8 to L4, to the L4 reinforcinuy patch. The tear contin-
uved forward along the leading edge to L3, then inboard, parallel
to and just aft of the L3 to K6 lateral tape to a voint anproxi-
mately 75 percent of the distance from L3 to KE. At this point
the tear took a 90 degree jog to & midpanel lccation and then con-
tinued its path parallel to the lateral tape, until ii reached the
keel at a point approximately midway between keel lines K6 and K7.
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Despite the major damage to both lobes, the system decelerated
to a dynamic pressure of 10.7 psf at the time of second stage dis-

reef, compared with 5.6 psf planned. The remaining stages were

[N J ST S O S

abrorial, due to the extensive damage to the wing. Following the
line transfer event the wing inflated in two sections, with the
forward and aft sections held together only by the leading edges
and keel structure. Rate-of-descent at touchdown was 35 fps.
Minor damage to the vehicle aft parawing compartment was incurred

at impact.

: A rost test inspection of the parawing identified the follow-
: ing canopy damage, in addition to the extensive canop cloth tears
in both the right and left lobes of the wing previously described:

R

(1) numerous burns on the underside of the reinforcing patch at L3,
(2) broken stitching along the leading edge for approximately 12
inches at the reefing ring located at L3-1/2, (3) broken keel

o gt B

stitching at K8, (4) a l-inch long cloth tear in the right lobe
near the keel, between K10 and K11, (5) a burn hole, 2-1/2-inches
in diameter, between K5 and K6, and (6) a curved scuff or abrasion
mark near the center of the right lobe, extending from aft of the
lateral reinforcing tape between K9 and R4-1/2 to a point forward
of the reinforcing tape where it merged with the tear in the right
lobe panel. Figure 93 identifies the major canopy damage incurred
in this test.

An extensive failure analysis of this test was conducted.

The conclusion of this analysis was that the parawing failure in

oA 1. N
R A T T UL [FYOE Rt SO PN, STRN s VN NUCOHR R

Test 201S most probably was caused by damage to the canopy cloth
prior to or during initial deployment. Laboratory tests of the
canopy c¢loth material showed that with the cloth under load, a
small hole or cut introduced in the cloth would immediately propa-
gate, if the load were 18 to 24 percent of the rated cloth strength

or dgreater.
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As a part of the failure analysis a number of alternative
corrective measures were considered. Of the several alternatives,
the recommended corrective action was the addition to the single
keel canopy of a cloth cap made of nylon parachute material. This
cap was to provide protection to the low porosity canopy cloth
from friction/abrasion damage, plus a redundant secondary load
path in the event of canopy cloth failure. Design of such a cloth
cap was completed. However, no single keel parawings were so mod-
ified, and no further single keel parawing aerial tests were con-
ducted, subsequent to Test 201S.

Test 201T

The objective of Test 201T was to demonstrate the capability
of the parawing to be successfully deployed on a 5000 pound payload
at the minimum required altitude and dynamic pressure, namely 3000
ft and 30 psf, respectively. A Version No. I wing was used in this
test.

Launch of the 5034 pound (WD) bomb test vehicle from the C-119
aircraft, deployment of the programmer parachute and system opera-
tion through programmer parachute disconnect were as planned. Fol-
lowing programmer parachute disconnect, two pilot parachutes were
deployed which in turn deployed the parawing. Extraction of the
parawing from its deployment bag was normal. Dynamic pressure at
the time of parawing line stretch was 32.9 psf, compared with 30
psf planned. Altitude at line stretch was 3740 ft, compared with
4000 ft planned (Note: the altitude for parawing deployment was
increased from the originally planned 3000 ft to 4000 ft, as a
safety measure following the parawing structural failure in Test
201s).

All parawing reefed stages up through the third stage were
normal. At third stage disreef the left trailing edge of the wing
failed to disreef. The wing left trailing edge remained gathered
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throughout the flight. After line transfer the wing performed
erratically until impact. Average rate-of-descent in this period
was 41.6 fps. However, only minor damage to the vehicle aft para-

wing compartment was incurred at impact.

Post test inspection of the wing revealed that the trailing-
edge-gathering-line loop on the left side at Lé had, prior to third
stage disreef, been pulled partially into the outboard reefing
cutter at LK12. This in effect introduced two thicknesses of
10,000 pound nylon line into a reefing cutter rated to cut a max-
imum 12,000 pounds of nylon line. When the outboard reefing cut-
ter at LX1l2 fired, the guillotine knife blade partially severed
the two thicknesses of the gatherinqg-line loop and then stopped,
effectively jamming the loop in the .¢ cer. This prevented the
free end of the gathering line severed by the inboard (redundant)
third stage cutter at RK1l2 from threading through the outboard
LK12 cutter to free the left trailing edge of the wing.

Corrective action to prevent possible occurrence of this prob-
lem in subsequent flights was a reduction in the strength of the
trailing-edye gathering line from 10,000 pounds to 6000 pounds.
Trhis fix was utilized on all subsequent flights until Test 206T,
wnen a modified third-stage-trailing-edge reefing system was

introduced.

The post test inspection also identified some minor damage to
the parawing canopy. This damage included: (1) three burns, from

1/4-inch to 1/2-inch in size, located in the left hancd section of
the wing, approximately 10 ft inboard from the leading edge in the .
panel bounded by L4-1/2, LK9, L5 and LK10, (2) two holes, 1/2-inch ‘
and l-inch in diameter, on the reinforcing patch at L3-1/2, (3)

two burn holes 3-inches aft of the nose leading edge and 30 inches j
inboard from RK1l, plus approximately a dozen superficial burns in
the same area, (4) a 1/8-inch diameter hole in the right section
of the wing between RK10 and RK1ll, approximately 10 ft outboard
from the keel, and (5) a 1-1/4-inch hole and 3-inch long burned

area just forward of the trailing edge at RT2.
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Test 202T

The objective of Test 202T was to obtain design and scaling
data for a full-scale parawing system by means of scaled test con-
ditions simulating a 15,000 pound parawing-vehicle system deployed
at a dynamic pressure of 100 psf and an a‘'titude of 14,000 ft.

(The originally planned deployment altitude was 18,000 ft. However,
max:~um launch altitude for the C-119 used in this test was 20,000
ft. To obtain a near-vertical flight path at parawing deployment,
it was necessary to lower the deployment altitude from 18,000 ft

to 14,000 ft.) A Version No. I wing was flown in this test.

Launch of the 3792 pound (WD) bomb test vehicle from the C-119
aircr.”.t and deployment of the programmer parachute were as planned,
except for a momentary hangup of the programmer pack against the
inside of the vehicle aft can, due to initial pitchover of the
vehicle at launch. Following programmer parachute disconnect a
pilot parachute was deployed, which in turn deployed the parawing.
At the time of parawing line stretch the dynamic pressure was 69.6
psf, compared with 63.3 psf planned. Altitude at line stretch was
14,107 ft, compared with 14,000 ft planned.

All parawing reefed stages were normal. However, there was

an estimated 180 degree twist in the parawing suspension lines
during the first reefed stage. At third reefed stage inflation
sone minor damage was observable in the center section nose area

of the wing.

The gliding portion of flight was normal, with the system
making a slow turn to the left at the rate of approximately 2 de-
grees per second. Average MSL rate-of-descent for the gliding
portion of flight was 14.4 fps, and average lift-to-drag ratio was
2.07, as determined from ASKANIA data. The relatively low L/D
ratio in this test suggests that the parawing damage in the nose
area of wing, although relatively minor, may have had a significant

effect on gliding performance.
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Post

test inspection of the wing disclosed that the signifi-

cant damage incurred by the wing in this test consisted of the

following:

a.

Figure 94

An inverted, L-shaped tear in two panels in the contoured

nose section of the wing, to the right of center. Each
leg of the tear was approximately 54 inches in length,
one leg being along the leading edge reinforcing tape
and the second leg extending aft to the heavv lateral
reinforcing webbing connecting keel lines LK1 and RKl.
In the area of the tear were twelve burn/abrasion holes

and several small scuffed areas.

Broken stitching at the forward end of the right keel,
which joined the center section and the right hand sec-
tion skirt bands. Failure of this stitching permitted
the right lobe and the center nose section to be pulled
apart, causing a 36-inch tear in the canopy cloth in the
center section contoured nose area, adjacent to and in-
board of the keel skirt band. Approximatelv 30 percent
of the stitching in the corresvonding left keel-nose
location also failed; however, the remaining stitching

prevented a tear in the cloth.

Friction burns on the skirt band in the nose area and

on two of the nose snubber lines which attach the nose

skirt band to the reinforcing webbing between LK1 and RK1l.

Broken stitching in the webbing loops which hold six of

the reefing rings at the nose.

identifies the major canopy damage incurred in this test.

A post test failure analysis determined from a studv of both

motion pictures of the test and the parawing test specimen itself,

that most, if not all, of the nose damage described above occurred

as the nose section of the parawing reacned full inflation follow-

ing second stage disreef. The analysis cited the rapid forward
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acceleration of the nose area following disreef to third stage,
the resulting rapid drag area growth, and the subsequent sudden
arrest of the rapidly moving skirt band and reefing ring mass, as
causing a dynamic loading condition, similar in nature to the

"snap stress" identified by Asfour in Reference 3.

The recommended corrective actions from the Test 202T failure
analysis (which, incidentally, was still in progress at the time
of Test 205T, and thus, had the benefit of Test 205T results) were:
(1) encasement of the five nylon nose snubber lines in cotton
sateen .leeves, (2) separate reefing for the nose section of the
wing, and (3) reinforcement of the skirt corner joints at LK1l and

RK1l, The corrective actions cited above were implemented on a

phase-in basis during the remainder of the test program. PReinforce-

ment of the skirt corner joints at LK1 and RK1l was accomplished
on the wing for Test 209T and on the wings for all subsequent tests
(i.e., on wing Versions IV through VII). Implementation of the
other two changes is identified in the description of Test 205T.

Test 205T

The objective of Test 205T was to provide a parawing system
test at a test weight of 5000 pounds, with parawing deployment at
an intermediate range dynamic pressure of 70 psf, at the maximum
required altitude of 18,000 ft. This test was also to serve as a
comparison test point for the small-scale parawing scaled Test
102T, Due to altitude limitations with the C-119 launch aircraft,
the planned parawing deployment altitude for this test had to be
lowered from 18,000 £t to 14,000 ft, thus compromising to a degree
the match of this test with small-scale Test 102T. A Version No.

I wing was flown in this test.

Launch of the 5031 pound (WD) bomb test vehicle from the C-119
aircraft and deployment of the programmer were as planned, except
for a momentary hangup of the programmer pack. Following program-
mer parachute disconnect, a pilot parachute was deployed which in
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_% turn deployed the parawing. At the time of parawing line stretch !
“;% the dynamic pressure was 76.3 psf, compared with 70 psf vlanned.
‘_i Line stretch altitude was 14,32¢ ft, compared with 14,000 ft planned.

All parawing reefed stages were normal. However, after first
stage reefed inflation the bomb vehicle developed a spinning and
coning type of oscillation. These vehicle motions damped out after
second stage inflation. After fourth stage inflation a longitud-

inal tear in the righthand section of the wing was observed.

The gliding portion of the flight was normal, with the para-
wing-vehicle system stable throughout the flight. The system made
a constant turn to the left at a rate of approximately 6.7 degrees
per second. Average MSL rate-of-descent measured was 13.67 fops,

e s e Lot s AR e mir

and average lift-to-drag ratioc was 2.75 during the gliding portion
of the flight, as determined from ASKANIA data. At touchdown the
vehicle impacted on a small hill. The vehicle tipped over, landing

w1 AL g )

on its back rather than on the landing skids, causing some minor

damage to the vehicle aft can assembly.

P R

Post test luspection of the parawing revealed that the sig-
- nificant canopy damage incurred by the wing in this test consisted

of the following:

a. Seven small burn or abrasion holes in the right hand side
of the contoured nose of the wing, ranging in size from

1/8-inch to 1~1/4-inches in diameter. Also present was

a small scuffed spct in the vicinity of two of the holes.

b. A 20-inch long tear in the canopy fabric in the right

section of the wing. The tear was located inboard ap-

proximately one-third the distance from the leading edge
to the keel, and extended rearward from the R4-1/2 to
RK9 lateral tape to within 3/8-inch of the next lateral
seam (untaped).
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c. Severe s=am strain damage in the right section of the
wing adjacent to the reinforcement gussets at keel line
attachment locations RK2 and RK3, and minor seam strain

., R
T g

damage t~ the wing adjacent to the reinforcement gussets

at keel-line-attachment locations RK7 and RKS.

Figure 95 shcws the major parawing canopy damage which occurred
in this test.

A post test failure analysis concluded that the burn/abrasion
damage in the nose area occurred during deployment and was caused
by friction resulting from contact of the nose area canopy fabric
with the nose snubber lines or the leading edge skirt band. Simi~
lar, but more extensive, damage of this type had been incurred by
the wing in Test 2027. It is perhaps significant to note that the
canopy damage in the nose area of the wing apparently had a small
or even negligible effect on L/D during steady glide in this test,
but appeared to have had a significant effect on L/D performance
of the wing in Test 202T.

Recommended corrective action to minimize or eliminate the
nose area csnopy damage was: (1) encasement of the five nylon

AT S e Wt SR e L R

nose snubber lines in cotton sateen sleeves, and (2) separate
reefing of the nose area of the wing, with disreef occurring at
third stage disreef, 12 seconds after line stretch and simultaneous
with disreef of the trailing edges of the wing.

The failure analysis concluded that the 20-inch long tear was
the result of initial, localized abrasion damage. A small scuff

;Hé
N

mark adjacent to the tear supported this conclusion. Finally, the
failure analysis concluded that the seam strains adjacent to the
four keel line attachments were the result of marcinal canopy
strength in the direction of the load path during third-stage-
reefing-inflation peak loading. From the locations of the seam
strains one could surmise that the lateral tapes in these locations
are oriented at an angle forward of the load paths during pe:zk

reefed loading. No separate corrective action was recommended for
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tr.is problem, since the addition of the separate nose reefing was
expected to reduce the magnitude of the third stage reefed load.

' The corrective actions cited were implemented on a phase-in
basis during the remainder of the test program. Encasement cf the
nylon snubber lines in cotton sateen sleeves was first accomplished
on the wing for Test 208T and was thereafter incorporated on the
wings used in all subsequent drop tests. The ueparate nose reefing
was accomplished on the wing for Test 207T, and thereafter incor-
porated on the wings used in all subsequent drop —ests.

Test 203T

The objective of Test 203T was to obtain design and scaling
data for a full-scale parawing system by means of scaled test con-
ditions simulating a 15,000 pound parawing-vehicle system deployed
at a dynamic pressure of 100 psf and an altitude of 14,000 ft.
(The originally planned deployment altitude was 18,000 ft. How-
ever, maximum launch altitude for the C-119 used in this test was
20,000 ft. To obtain a near vertical flight path at parawing de-
ployment, it was necessary to lower the deployment altitude from
18,000 ft to 14,000 ft.) Planned parawing deployment conditions
for this test were identical with those for Test 202T. A Version

No. I wing was used in this test.

Launch of the 3805 pound (WD) bomb test vehicle from the C-119
aircraft, deployment of the programmer parachute and system opera-
tion through programmer parachute discon.iect were normal. Follow-
ing programmer parachute disconnect a pilot parachute was deployed,
which in turn depioyed the parawing. At the time of parawing line
stretch the dynamic pressure was 64 psf, compared with 63.3 psf
planned. Altitude at line stretch was 14,568 ft, compared with
14,000 £t planned.

First stage reefed inflation was rapid ard positive. After
first stage reefed inflation the bomb vehicle developed a spinning
‘nd coning type of oscillation. Following disreef to the second
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reefed stage, the canopy cloth in the right lobe of the wing failed
adjacent to the semi-circular reinforcing gusset at the R3 suspen-
sion-line-attachment location. The tear progressed from its incep-
tion point near the leading edge at R3, in a line parallel to and
approximately 6 inches aft of the lateral tape between R3 and RK6,
to the keel at the circular reinforcing gusset at the RKé line
location. The tear then progressed around the gusset at RK6 and
aft to the gusset at RK7, partially tearing through the RK7 gusset
before stopping. Also, the tear progressed from its inception
point at L3, aft along the leading edge to the semi-circular-
reinforcing gusset at the R3-1/2 reefir. ring position, partially
tearing the gusset before stopping. Following this panel failure,
the righthand lobe collapsed. At disreef to third stage the dy-
namic pressure was 6.9 psf, compared with 4.3 psf planned, due to
the reduced drag area as a result of the damage to the right lobe.
Subsequent deployment stages were nearly normal, with the damaged
right hand lc.e reinflating in third stage and remaining inflated
in the transition to gliding flight.

The gliding portion of flight appeared normal, with the para-
wing-vehicle system stable throughout the flight. The system made
a constant turn to the left at the rate of 4.2 degrees per second.
During this portion of the flight the average MSL rate-of-descent
was 14.95 fps, and the average lift-to-drag ratio was 1.83, as
determined from ASKANIA data.

Post test inspection of the parawing test specimen identified
the following additional canopy damage, above and beyond the torn
panel previously described:

a. A tear in the semi-circular reinforcing gusset at the
R3 line attachment location, approximately 8 inches from
the leading edge, along one of the gusset reinforcing

tapes.
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b. The semi~circular reinforcing gussec at the R4 line
attachment location torn from the leading edge skirt
band for a distance of approximately 8 inches and torn
from the lateral reinforcement tape approximately 8
inches, plus approximately 6 inches of seam strain in
the peripheral stitch pattern of the gusset.

c. Five small tears, ranging in length from 1/4 inch to
1-1/2 inches and an adjacent 9 inch long burn area in
the center section of the wing, just aft of the lateral
tape between the LK5 and RKS5 and approximately midway
between the two keel line locations.

Figure 96 shows the major canopy damage sustained by the wing in
this test.

A post test failure analysis indicated that the cause of the
failure was inadequate strength at leading edge number 3 line at-~
tachments and at the reefing ring at!.chments between leading edge
lires 3 and 4. The strength inadequacy was due to load paths in
the first and second stage reefed stages that are directed rear-
ward of the existing lateral tapes between the leading edge and
the keel, toward the center of pressure of each outer lobe.

Recommended corrective action was further reinforcement of
all leading edge gusset reinforcements, except those at leading
edge line number 1 and those aft of leading edge line number 4.
The further reinforcement suggested was larger diameter gussets
of stronger cloth, cr the addition of diagonal tapes radiating
rearward from the intersection of the lateral tapes with the

leading edge skirt band.

Test 208T

The objective of Test 208T was to gualify the Version No. II
wing design for flights with a 4000 pound descent weight control-

lable test vehicle.
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Launch of the 5024 pound (WD) bomb test vehicle and deploy-
ment of the two programmer parachutes were as planned, except for
a momentary hangup of the programmer parachute packs against the
inside of the vehicle aft can. Following disconnect of the pro-
grammer parachute, two pilot parachutes were deployed. The pilot
chutes in turn deployed the parawing from its deployment bag.
Dynamic pressure at the time of parawing line stretch was 27.5 psf,
compared with 36 psf planned. Altitude at line stretch was 18,882
ft, compared with 18,000 ft planned. 1In the first stage inflation
the right lobe inflated more fully than normal, while the center
and left lobes failed to fill to their normal size. Due to this
anomaly, the dynamic pressure at the time of disreef to second
stage was 21.2 psf, compared with 15.8 psf planned. Upcn disreef
to second stage only the right lobe disreefed, taking th-= major
portion of the second stage load. Disreef of the left lobe was
delayed until disreef to third stage. As the right lobe approached
second stage full inflation the canopy cloth in the lobe failed.
The tear originated near the R3 line attachment location and quick-
ly propagated inboard to the keel and aft along both the keel and
the leading edge to the R4-1/2 to RK9 lateral tape, resulting in
the loss of three panels in the right lobe of the wing.

At second stage disreef the dynamic pressure was 12 psf,
compared with 8.4 psf planned. This higher than planned dynamic
pressure was due both to the damage in the right lobe and the fail-
ure of the left lobe to disreef. At second stage disreef the cen-
ter lobe disreefed, followed immediately by disreefing of the left

lobe. All subsequent stages of the deployment were normal.

In the gliding portion of the flight the wing descended in a
tight spiral turn at the rate of 58 degrees per second and at an
average rate-of-descent of 45 fps. At an altitude of 1300 ft the
turn and descent rates of the system decreased to 17 degrees per
second and 25 fps, respectively. The average lift-to-drag ratio
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of the wing for the final 1300 ft of descent was approximately

1.2,

determined from ASKANIA data. No damage was incurred by

the test vehicle at impact.

A post test inspection of the parawing revealed the following

damage to the canopy:

A tear in the right lobe beginning at the leading edge
at the R3 line attachment location, propagating along
and just aft of the R3 to RK6 lateral tape to the keel,
along the keel from RK6é to RK7, stopping at the R3-1/2
to RK7 lateral tape near its juncture witin the RK7 line
attachment circular gusset. The tear also propagated
from its inception point at R3, aft along the leading
edge to R4, then inboard along and just forward of the
R4-RK8 lateral tape to the keel, stoppring at the RKS8

line attachment circular gusset.

A tear in the right lobe beginning at the R4 line attach-
ment location, propagating inboard along and just aft of
the R4 to RK8 lateral tape, and then along the keel and
the leading edge to the R4-1/2 to RK9 lateral tape.

Several burn holes and burned or abraded areas in the

nose area, center and right sections of the wing.

The cotton sateen sleeve covering one end loop on the
first stage reefing line was missing entirely, and the
tack ties on the sleeve covering the other end loop were
broken, with the sleeve itself jammed together at the
end of the loop. This condition strongly suggested that
the cotton sateen sleeve on the left lobe first-stage-
reefing-line end loop had been the cause of the first-
stage-reefing-line hangup, and the resulting failure of
the left lobe to disreef at the proper time in the de-

ployment sequence.
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A 6-inch tear on the third-stage-reefing-cutter pocket
located at RK1l2, extending from the cutter flap down-
ward along the side of the pocket. The reefing cutter
had been lost from the pocket in test.

Figure 97 identifies the major canopy damage incurred by the wing

in this test.

A post test failure analysis attributed failure of the para-

wing to the following contributory factors:

a'

Excessive dynanic pressure at first stage disreef, due
to incomplete inflation of the left and center lobes of

the wing.

Excessive rate of first stage disreef of the right lobe,
due to higher-than-normal vehicle velocity and high skir+*
tension caused by right lobe overirflation.

Overloading of the right lobe in second stage inflation,
due to delay of the left lobe disreef function and re-

sultant loss of load sharing between left and right lobes.

Based on the findings of the failure analysis, the following

corrective actions were proposed:
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a.

Reduction to minimum size of the first stage reefing
line connector loop, with the Loop threaded through the
R6 and L6 reefing rings. This arrangement would prevent
lateral shifting of the loop, thus insuring an equal

mouth circumference for each of the outer lobes.

Removal of the cotton sateen sl.eeves on the first-stage-
reefing-line end loops, and replacement with a teflon
material applied to the end loops by dipping. This
change would reduce the possib.lity of a lockup of the
end loops in the reefing rings.
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c. Addition of five leading edge lines at the five loca-
tions where lateral seams terminate at reefing rings
only, with the opposite ends terminating at existing
keel lines. The added lines would redistribute the
loading along the skirt and reduce the unit load at L3
and R3 following disreef to second stage.

d. Reinforcement of the local failure inception points at ]
L3 and R3.

As a result of the twin keel parawing structural and opera-
tional failures encountered in Tests 203T and 208T, all remaining
planned parawing tests were stopped, pending a thorough review
and analysis of the problems encountered in these tests, and im-
plementation of selected modifications to the parawing test speci-
mens. As a result of this review and analysis a decision was made
to incorporate the following modifications on the twin keel para-
wing specimens:

a. Improved first stage reefing system to eliminate non-
symmetrical inflation ol the individual lobes and to
eliminate possible first stage reefing line hangups.

b. Addition of ten leading edge lines (five on each leading
edge) at the midpositions between the existing lines
from L1 to L6 and Rl to R6.

c. Reinforcement of the leading-edge-line attachment struc-
ture for certain highly loaded leading edge lines.

d. Addition of separate nose reefing as a part of the third
stage reefing system, with disreef of the nose reefing
concurrent with disreef of the trailing edges of the
wing.

e. Addition of a network of ripstop tapes on the wing 5
canopy to limit propagation of tears in the canopy cloth.
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In order to resume testing of the parawings at the earliest
possible time, the above mcdifications were implemented in two
steps. One wing, the Serial No. twin keel parawing, was pro-
vided with modifications (a) through (d) above, plus a minimum
ripstop tape network, consisting of four longitudinal tapes on
each of the two outer lobes. This wing, the Version No. I1II twin
keel wing, was flown in Tests 207T, 250T and 251T. Two wings, the
Serial Nos. 2 and 4 twin keel parewings, were provided with modi-
fications (a) through (e) above, where the ripstop tape modifica-
tion consisted of a complete matrix of tapes over the entire wing
canopy. The Serial No. 4 wing in the Vers.on No. V was flown in
Tests 209T and 2117T. The Serial No. 2 wing in the Version No. IV

was flown in Test 252T.

Test 207T

The objective of Test 207T was to qualify the Version No. III
wing design for flights with a 4000 pound descent weight control-
lable vehicle. Test 207T was a repeat oI Test 208T, with a Ver-
sion No. III wing in place of the Version No. II wing which had
sustained major canopy structural damage in Test 208T.

Launch of the 4994 pound (WD) bomb test vehicle and deployment
of the programmer parachute were as planned. Following disconnect
of the programmer parachute, two pilot parachutes were deployed
which in turn deployed the parawing. Extraction and stretchout of
the parawing from its deployment bag were normal. At the time of
parawing line stretch the dynamic pressure was 37.1 psf, compared
with 36 psf planned. Altitude at line stretch was 14,840 ft, com-
pared with 18,000 ft planned. (Weather conditions at the test
site, in the form of high altitude cloud cover, necessitated a
last minute reduction in the launch altitude from the planned
22,500 ft, to «0,000 ft, with the consequent reduction in parawing
deployment altitude.)
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All stages of parawing deployment were normal. This was the
first test of the parawing with separate nose reefing, and it per-
formed as planned. Following the line transfer event the winc did
not proceed to a steady-state glide. The gliding vortion of the

[PPSR, S SEN ST DI

flight was characterized by a cyclic folding in of the wing tips,

together with a tucking back and to one side of the parawing nose,
followed by reinflation of the tips and nose. Subsequent investi-
gation, plus a small-scale parawing aerial test conducted at LRC,
confirmed that this abnormal gliding behavior was due to the
longer-than-normal tip line lengths that had been rigged for this
test. The average MSL rate-of-descent during the gliding portion
of flight was 19.44 fps, and the average lift-to-dragqg ratio for
the %light was 2.32, as determined from ASKANIA data.

Post test inspection of the parawing identified only minor

damage, consisting of two l-inch long tears in the righthand nose
section of the wing, adjacent to the RK1l line attachment reinforce-

ment gusset.
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One anomaly in thils test was & loose connection in one of the

six, individual-suspension-line load links. The loose connection
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fed noise into the T! signals for all the loads-instrumented sus-
-3 pension lines. Because of this noise some peak line loads were

o lost, and the validity of the others is suswvect.

Test 250T

The objective of Test 250T was to obtain gliding flight data

with a minimum weight, controllable test vehicle. The Version No.

III twin keel parawing was flown in this test.

Launch of the 3444 pound (wD) controllable test vehicle and
deployment of the programmer parachute were normal. Following
disconnect of the programmer parachute, two pilot parachutes de-
polyed the parawing in a normal manner. At the time of parawing
line stretch the dynamic pressure was 23.9 psf, compared with 21

psf planned. Altitude at line stiretch was 19,010 ft, compared
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with 18,000 ft planned. The vehicle was launched at an altitude
1000 £t higher than originally planned to extend the duration of
parawing gliding flight. In general, all of the 250 series para-

wing tests with the controllable vehicle were launched at higher
altitudes than originally planned, with resulting higher-than-
planned parawing deployment altitudes, in order to extend the dur-
ation of gliding flight and accomplish more maneuvers with the

controllable test system.

All the reefed stages in the parawing deployment sequence
were normal. Following the line transfer event, ground control
of the system was achieved and a prescribed maneuver plan flown.
The L/D measured in this test varied from a maximum of 2.12 to a

e

minimum of 1.92. Maximum turn rate achieved in this test was 25.9

degrees per second.

Touchdown of the vehicle was normal, with the vehicle coming

[ A S e 1

to rest on its skids. Total time of the flight fror launch was

20 minutes, 14 seconds.

Post test inspection of the parawing revealed no significant
damage to the canopy, other than a number of scuff marks on the
canopy and one 3/8~inch long cloth tear in the left lobe nose area,
adjacent to LKl.

Test 251T

The objective of Test 251T was to obtain gliding flight data
and to determine the effect of wing loading on gliding flight per-
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formance. The Version No. III twin keel parawing was flown in
this test.

The 3977 pound (WD) controllable vehicle was launched from
the C-119 aircraft at an altitude of 22,160 ft, compared with
19,350 ft originally planned. The higher launch altitude was re-
quested in order to obtain the maximum amount of gliding flight
time possible. Deployment of the programmer parachute and opera-
tion to disconnect were normal. Following programmer disconnect,

266




.

e ekl et pmt oo

. Lt L
N L
ROV VIS S

4
'
"
»
.4

;
e

[T

NORTHROP

10.61 seconds after launch, two pilot parachutes were deployed.
However, the pilot parachutes did not immediately deploy the
parawing. For a period of approximately 22 seconds the test ve-
hicle with the two inflated pilot parachutes continued to descend
in a near vertical trajectory. 1In this time period the control-
lable test vehicle rotated keneath the pilot parachutes.

At 32.23 seconds after launch the parawing pack was finally
pulled free of its retention system and deployed. At parawing
line stretch, 32.97 seconds after launch, the dynamic pressure
was 43.3 psf, compared with 24 psf planned. Altitude at line
stretch was 15,970 ft, compared with 18,000 ft planned.

At 33.75 seconds after launch or 0.78 second after parawing
line stretch, line transfer occurred. This event, initiated by
an electric timer onboard the test vehicle, was scheduled to occur
30 seconds after launch, or 20 seconds after programmer parachute
disconnect. Thus, due to the 22-second hangup of the parawing
pack, line transfer occurred entirely out of sequence, during para-
wing first stage reefed inflation. However, due to the severe
suspension line twistup, the line transfer event did not immedi-
ately manifest itself, since the twistup tended to hold the lines
at the pre line-transfer length, relative to the parawing skirt.
Also, the line twistup apparently prevented arming of the reefing
cutters at parawing line stretch. First stage disreef occurred
approximately 9 seconds after line stretch, compared with the
nominal 6 seconds planned. At first stage disreef, the dynamic
pressure was 25.8 psf, compared with 10.8 psf predicted. The
extremely high dynamic pressure at first stage disreef was due to
the twisted suspension lines which prevented a normal first stage

parawing reefed inflation.

Second stage disreef occurred 46.07 seconds after launch.
This event took place about 4 seconds later than planned, relative
to line stretch, again indicating a late reefing-cutter-time-delay
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initiation. Based on the dynamic pressure at second stage disreef,
the parawing drag area in the second reefed stage was about normal.

Third stage disreef was not distinguishable, due to the pre-
viously cited anomalies of line twistup and early line transfer.

At approximately 86 seconds after launch the suspension lines
had untwisted, but due to rotational inertia of the payload, the
lines then commenced to wrap up in the opposite direction. At 120
seconds after launch the suspension lines had achieved a normal
condition, and at approximately 130 seconds after launch the wing

was in steady glide.

At the start of the parawing deployment sequence the forward
riser, left lateral riser and nosz load transducers all failed.
Thus, the deployment total loads Jdata were not obtained for this
test.

From approximately 165 seconds after launch until vehicle
touchdown at 853 seconds, the system was flown in a prescribed
maneuver plan by the ground controller. The wing was very stable
and controllable in gliding flight and achieved a maximum L/D of
3.32. The maximum turn rate reasured in this test was 18.2 de-
grees per second. This was not necessarily the maximum possible
turn rate of the system, since less than the full tip-control-line
travel was used to achieve this turn rate.

Post test inspection of the parawing revealed only superficial
damage to the canopy. However, some of the suspension lines had
evidence of burn damage, and many of the suspension-line-stowage
flutes were badly torn, due to the severe line twistup during
deployment.

The post test inspection identified that failure of a cutter
knife was responsible for the delay in devloyment of the parawing.
One of two mechanical cutter knives used to free the parawing pack
from its retention system had broken in test usage, with the knife
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portion of the assembly having dropped away during the test.
Subsequent laboratory tests revealed that the knife assembly as
designed was marginally adequate for its application; however,
knife assemblies from the lot in use were found to have been heat

treated to an excessive hardness, a condition which contributed

St s e ™

to this failure. Corrective action consisted of replacing these
mechanical knife assemblies in the system with heavier, stronger
mechanical cutter knife assemblies.

Test 209T

The objective of Test 209T was to obtain design and scaling
data for a full-scale parawing system by means of scaled test con-
ditions simulating a 15,000 pound parawing-vehicle system deployed
at a dynamic pressure of 160 psf and an altitude of 14,000 ft. As
such, this test was a repeat of Test 203T, with a Version No. V
parawing in place of the Version No. I parawing that had incurred
major canopy structural damage in Test 203T.

B g e

Launch of the 3811 pound (descent weight) bomb test vehicle
from the C-119 aircraft and deployment of the programmer parachute

were as planned. Following programmer parachute disconnect, a
pilot parachute was deployed which extracted the parawing from its
) deployment bag. At parawing line stretch the dynamic pressure was
*} 62.5 psf, compared with 63.3 psf planned; altitude was 14,175 ft,
% compared with 14,000 ft planned.

i“é Parawing operation through first stage disreef was normal.

. At 0.36 second after first stage disreef, near the time of second
stage peak load, the third-stage, trailing-edge reefing line
failed. The aft portions of the wing quickly inflated, fcrming

an unstable reefed configuration. Subsequent reefed performance
was erratic, with the wing tending to collapse and reinflate sev-
eral times. Second stage disreef and subsequent disreef of the
nose section occurred during this period of erratic behavior.

The line transfer event occurred as planned, and the wing achieved
a normal, stable gliding configuration.
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The steady-glide portion of the flight was normal, with the
wing making a steady turn to the right at the rate of 5.3 degrees
per second. Average MSL rate-of-descent during the gliding por-
tion of the flight was 1ll1.7 fps, and the average L/D measured was
2.9, as determined from ASKANIA data.

Post test inspection of the parawing revealed no significant
damage to the wing in this test, A failure analysis conducted as
a result of failure of the trailing edge reefing line determined
that the cause of this failure was a sharp edge on the third-stage
reefing cutter anvil. Corrective action was to provide a generous
chamfer on the anvils of reefing cutters used in all subsequent
tests.

Test 2117

The objective of Test 211T was to qualify the parawing design
for use with a 6000 pound controllable vehicle and to establish
parawing flight performance at a wing loading of 1.5 psf. A Ver-
sion Ne. V wing was used in this test.

Launch of the 6009 pound (WD) bomb test vehicle, deployment
of the programmer parachute and operation until programmer para-
chute disconnect were as planned. Following programmer parachute
disconnect a pilot parachute deployed the parawing in a noriaal
manner. Parawing line stretch occurred at a dynamic pressure of
49.3 psf, compared with 50 psf planned; altitude at line stretch
was 18,320 ft, compared with 18,000 ft planned. During first
stage reefed inflation a hole developed in the right lobe canopy
cloth. The l'>le, measuring approximately 51 inchas by 24 inches,
was roughly centered in the lobe between RK9 and R4-1/2, Hduct for-
ward of the lateral reinforcing tape connecting the aforementioned
line attachment positions. The hole caused the right lobe to par-
tially collapse, reducing the first stage drag area to about 300
sq ft from the normal 350 to 400 sq ft expected with 10 percent
LK first stage reefing. The dynemic pressure at the time of first
stage disreef was 25 psf, compared with 17.2 psf planned.
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The second reefed stage was normal, although the peak second
stage load was higher than pi ned, due to the high dynamic pres-
sure at first stage disreef. Following second stage disreef and
during third stage inflation, several tears appeared in the nose
area of the left lobe, in the panel bounded by L1-1/2, L2, LK3
and LK4. The tears extended from the leading edge to about the
center of the aforementioned panel. The remainder of the deploy-
ment process was normal, except that the duration of the fourth
reefed stage was somewhat abbreviated at 3.67 seconds, compared
with 5.0 seconds planned, due to cumulative reefing cutter and

line transfer time delay tolerances.

The gliding portion of the flight was normal, with the wing
making a steady right turn at approximately 10 degrees per second.
Average MSL ate-of-descent during the gliding portion of the
flight was 18.1 fps, and the average L/D nmeasured was 1.9, as
determined from ASKANIA data. At touchdown the vehicle impacted
in rocky terrain and fell over on its back. The vehicle received
some damage at landing; the aft can was bent in on one side, and
a metal skin panel just aft of the hemispherical nose was ruptured.

Post test inspection of the parawing identified that in addi-
tion to the previcusly described canopy damage, there were several
small .oles, ranging in size from 1/4-inch to 1-1/2-inches in di-
ameter, in the wing canopy cloth. These holes were mainly in the
central (or high pressure) areas of all three lobes of the wing.
Figure 98 identifies the major canopy damage sustained by the wing
in this test.

A failure analysis was carried out of the canopy damage in-
curred by the parawing in this test. It was concluded from the
analysis that the large hole in the right hand lobe of thc wing
(and also the several small hcoles in the central portions of each
lobe) were the result of tape-on-cloth or cloth-cn-cloth abrasion

which occurred during initial deployment of the parawing. It was
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further conclvded from the analysis that the tear damage in the
nose area of the left lobe was caused by the high loads in the
second and third reefed stages, as a result of the damaged canopy
in the first reefed stage. Recommended corrective action was to
extend the four fan patch tapes emanating from LK1 and RK1l for
distances ranging from 6 to 13 ft to points where each tape joined
an intersection of a pair of existing ripstop tapes. Implementa-
tion of this change resulted in the creation of Version Nos. VI
and VII of the twin keel parawing, which were flown in all tests
subsequent to Test 206T.

Test 252T

The objective of Test 252T was to obtain gliding flight data
and to determine the effect of wing loading on gliding flight per-
formance. The Version No. IV twin keel parawing was flown in this
test.

The 4007 pound (WD) controllable test wvehicle was launched
from the C-119 aircraft at an altitude of 23,670 ft. Deployment
of the programmer parachute and system operation until programmer
parachute disconnect were normal. Followving prngrammer parachute
disconnect, two pilot parachutes were deployed. The two pilot
parachutes in turn deployed the parawing. At the time’'¢f parawing
line stretch the dynamic pressure was 23.5 psf, compared with 27

psf planned. Altitude at line stretch was 22,345 ft.

All stages of parawing deployment were normal. Following the
line transfer avent at 32.5 seconds after launch, control of the
system was taken by the ground controller. The tip lines were re-
tracted and a stéble, gliding configuration was established at
approximately 60 seconds after launch. Approximately 80 seconds
after laurch the vehicle instrumented boom was extended and the
system flcwn to a prescribed maneuver plan by the ground control-
ler. The wing was very stable and controllable in flight. Meas-
ured L/D performance during steady gliding flight varied from a
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minimum of 2.26 to a maximum of 2.82. The maximum turn rate meas-
ured in this test was 10.1 degrees per second; however, this was
not necessarily the maximum possible turn rate for the systen,
since less than half the total available tip line travel was used

to achieve this turn rate.

Two anomalies occurred during the gliding-flight-portion of
this test. One was loss of on-board measured total velocity, due
to loss of the propeller on the boom-mounted airspeed indicator.
The other anomaly was an apparent mechanical binding in the rear-
keel-line-control-cable drive system, which invalidated the meas-

ured rear-keel-control-line loads.

Touchdown of the test vehicle was normal, with the vehicle
remaining upright following ground impact. Toctal time of the

flight from launch was 21 minutes, 43.8 seconds.

Post test inspection of the parawing revealed no significant
damage to the canopy or lines.

Test 206T

The objective of Test 206T was to demonstrate the capability
of the parawing to be successfully deployed with a 5000 pound pay-
load at the maximum required altitude and dynamic pressure, namely
18,002 ft and 100 psf, respectively. Also, this test was to pro-
vide test daca for comparison with data from small-~scale parawing
tests conducted at conditions scaled to match the 206T test condi-

tions.

Launch of the 5001 pound (WD) bomb test vehicle from the C-119
aircraft and deployment of the programmer parachute were as planned.
Following programmer parachute disconnect, a pilot parachute was
deployed, which in turn deployed the parawing. At the time of
parawing line stretch the dynamic pressure was 94.7 psf, compared
with 100 psf planned; altitude at line stretch was 18,115 ft, com-
pared with 18,000 ft planned.
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During first stage reefed inflation, tears and holes developed
in the canopy, as evidenced by loose and flapping material, and by
a piece of material separating from the center lobe of the canopy.
At first stage disreef the dynamic pressure was 38.5 psf, compared
with 21.5 psf planned. This higher than planned dynamic pressure
was due to canopy damage sustained during initial parawing deploy-
mert and first stage inflation. At first stage disreef the left
lobe disreefed 7.25 second later than the right lobe.

Following first stage disreef, several holes and tears became
visible in the parawing canopy. These included a 50-inch wide by
l6-inch long hol¢ in the right lobe on the outboard side of the
panel between R4-1/2 and R5, a 55-inch wide lateral tear in the
right lobe near the center of the panel bounded by R3, RK6, R3-1/2
and RK7, and a 24-inch square hole in the left hand lobe near the
center of the panel bounded by L4, LK8, L4-1/2 and LK9. At second
stage disreef *he dynamic pressure was 8.5 psf, essentially as

planned.

During third stage reefed inflation another hole, located in
the canopy center lobe, became visible. This hole, roughly rec-
tangular in shape and measuring approximately 40 inches wide by
24 inches long, was located in the left center of the panel bounded
by LK4, RK4, LKS and RKS5.

Immediately following third stage disreef, one additional
hole of significant size was observed. This irregular shaped hole
was located in the left lobe just forward of the trailing edge and
centered between LT2 and LT3. Figure 99 shows the major canopy
damage incurred by the wing in this test.

Following line transfer, the wing established a stable glid-
ing configuration and flew in a steady right turn at a rate of
11.5 degrees per second. Figure 100 provides a photograph of the
damaged wing in steady gliding flight. The average MSL rate-of-
descent during the giiding portion of the flight was 16.7 £fps,
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and the average L/D for the gliding portion of flight was 2.13,
as determined from ASKANIA data.

Post test inspection of the parawing revealed that in addition
to the large holes and tears described above, there were 22 addi-
tional small holes, ranging in size from 1/16-_nch to 2-inches in
diameter, distributed somewhat randomly throughout the wing canopy.
Also, several burned and abraded areas were identified, particu-
larly in the center section nose area and in an area just forward
of the center lobe rectangular hole. 1In general, the large holes
and c.acs had in each case been confined by the ripstop tape matrix
that surrounded each of the cloth failure locations. i

In addition to the canopy damage cited above, the post test
inspection identified that the second stage reefing cutters located
at the RK2 line attachment location had been lost in test. The
tack ties which held the top of the pocket to the heavy keel web-
bing had been torn loose, allowing the reefing cutters to flip
out of the cutter pocket, once the cutters had fired and severed

o e et k. a

the second stage reefing line. !

A A failure analysis of this test concluded that most, if not

-

all, of the canopy damage had been initiated during initial para-
? wing deployment and first stage reefed inflaticn. The rather ex-
tensive evidence of burn and abrasion damage to the canopy supported
the conclusion that the canopy cloth failures had been initiated
;Gf by localized damage to the cloth, caused by cloth-to-cloth or
R tape-to-cloth contact in the time interval between initial canopy
| stretchout and first stage reefed inflation. It is in this period
of time when much of the canopy cloth is uncontrolled and subjected
to aerodynamic buffeting. The duration of this time interval is
a function of the first stage reefing ratio used, with the iaterval N
increasing with decreasing reefing ratio (longer filling time).
The severity of the canopy buffeting is a function of dynamic pres-
sure at the time of initial parawing deployment. 1In this test
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the firct stage reefing ratio was 0,08 £ the lowest ratio used

'
in any of the intermediate-scale parawing tests. The dyanmic pres-
sure of 95 psf at parawing line stretch was the highest value of
all of the intermediate-scale parawing tests. Thus, these two
factors tended to provide both a relatively long and severe period
of canopy buffeting with the resulting damage to the parawing

canopy.

Recommended corrective action, within the constraints of the
existing reefing system and the specified parawing deployment en-
vironment, was to cover selected portions of the parawing canopy,
particularly the high pressure crown areas of each lobe, with a
layer of parachute type nylon cloth, to protect the canopy cloth
from buffeting damage. This corrective action was not implemented
on the parawing specimens used in the remaining intermediate-scale
tests; however, this concept was subsequently integrated into the
preliminary design for a full-scale parawing.
!
T
’“«

Test 253T

The objective of Test 253T was to obtain gliding flight data
at a specified wing loading of 1.25 psf. The Version No. VI twin
keel parawing was flown in this test.

The 5011 pound (WD) controllable test vehicle was launched
from the C-119 aircraft at an altitude of 24,050 ft. Deployment
of the programmer parachute and system operation until programmer
parachute disconnect were normal. Following programmer parachute
disconnect, two pilot parachutes were deployed which in turn de-
ployed the parawing. At the parawing line stretch event dynamic
pressure was 27.8 psf, compared with 32 psf planned. Altitude at
line stretch was 22,640 ft.

All stages of parawing deployment were normal. Following the
line transfer event at 32,72 seconds after launch, control of the
system was taken by the ground controller. The tip lines were
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retracted, and a stable, gliding configuration was established.
At 91.5 seconds after launch the vehicle instrumented boom was

Sale

extended, and the system was flown by the ground controller accord-
ing to a prescribed maneuver plan. The measured L/D performance
during steady, gliding flight varied from a minimum of 1.93 to a
maximum of 2.5. The maximum turn rate flown in this test was ap-
proximately 6 dejrees per second. However, this was not neces-
sarily the maximum turn rate capability of the system, since only

approximately 20 percent of the available tip line retraction was
used to achieve this turn rate.

Two anomalies occurred relative to the gliding portion of
this flight. The first was relatively low onboard velocities meas-
ured in this test. These apparentlv low readings resulted in com-

puted coefficients of 1lift, drag and resultant force (CL, C and

DI
CR) that were quite high, relative to previous test data. The
second anomaly was an apparent drift in the zero reference of the
data acquisition system for rear-keel-control-line load, which

invalidated these data.

Touchdown of the test vehicle was normal, with the vehicle
coming to rest on its skids. Total time of the flight from launch
j to touchdown was 21 mirutes, 53.5 seconds.

Post test inspection of the parawing revealed only superficial
damage to the canopy. This damage consisted of a 3-inch long tear

i
S
4
o4
-§

in the center nose section of the wing, just aft of and parallel

kd
§

to the lateral reinforcing tape between LK1 and RKl; a 1-1/2-inch
long tear in the right section of the wing in the central area of
the panel bounded by RK10, R5, R5-1/2 and RK1l1l, and a few scuff

marks in the aft areas of the right and left sections of the wing.

Test 210T

The objective of Test 210T was to obtain design and scaling
data for a full-scale parawing system, by means of scaled test
conditions simulating a 15,000 pound parawing-vehicle system de- 4
ployed at a dynamic pressure of 100 psf and an altitude of 18,000
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ft. As such, this test was a repeat of Test 209T, except for a
parawing deployment altitude of 18,000 ft instead of the 14,000
ft altitude in Test 209T. A Version No. VII wing was flown in
this test.

Launch of the 3813 pound (WD) bomb test vehicle from the C-119
aircraft and deployment of the programmer parachute were normal.
Following programmer parachute disconnect, a pilot parachute was
deployed, which in turn deployed the parawing. At the time of
parawing line stretch the dynamic pressure was 62.1 psf, compared
with 63.3 psf planned; altitude at line stretch was 18,600 ft,
compared with 18,000 ft planned.

All phases of the deployment sequence were as planned. Some
vehicle oscillation was noticeable until the line transfer event.
Following line transfer the wing established a steady glide, with
a slow turn to the left at a rate of approximately 3.9 degrees per
second. Average MSL rate-of-descent during the gliding portion of
the flight was 12.2 fps, and the average L/D in steady glide was
2.69, as determined from ASKANIA data. Vehicle touchdown was nor-
mal with the vehicle coming to rest on its landing skids, with no

damage.

Post test inspection of the parawing revealed only minor
damage of a superficial nature. This damage consisted of the
following: two small burn holes, measuring l-inch and 1/2-inch
in length, in the center section of the wing, located just for-
ward of the lateral tape between LK6 and RK6; three small holes,
varying in size from 1/16 to 3/8-inch in diameter in the top lay-
er of cloth in the reinforcing patches at LK12 and RK1l2; and a
1/4-inch hole in the left section of the wing, just aft of the
reinforcing tape between L4 and LK8 and approximately midway be-
tween those two line positions. -

One anomaly in this test was the loss of loads data for the
LK12 suspension line. Post test inspection identified that a
connecting wire from the load link to the vehicle had broken fol-
lowing disconnect of the programmer parachute.
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Test 254T

The objective of Test 254T was to obtain gliding flight data
and to determine the effect of wing loading on gliding flight per-

W . -
IR RSY - e S

formance. The Version No. VI wing was flown in this test.

The 6011 pound (WD) controllable test vehicle was launched
from the C-119 aircraft at an altitude of 23,540 ft. Vehicle
launch, deployment of the programmer parachute and system opera-
tion through programmer parachute disconnect were normal, Follow-
ing programmer parachute disconnect, two pilot parachutes were
deployed; the pilot chutes in turn deployed the parawing. At the

B TP

time of parawing line stretch the dynamic pressure was 31.4 psf,
compared with 36 psf planned; the altitude at line stretch was
22,075 ft.

7 e _—

All stages of parawing deployment were as planned. Following
the line transfer event at 32.3 seconds after launch, contrnl of

i the system was taken by the ground controller. The tip lines were

—ntnies

i retracted and a stable, gliding configuration was established at

" approximately 70 seconds after launch. At 118 seconds after launch
¥ the vehicle instrumented boom was extended and the system flown by
the ground controller to a prescribed maneuver plan. Measured L/D
performance during steady gliding flight in this test varied from

a maximum of 2.51 to a minimum of 2.10. The maximum turn rate

measured in this test was 32.7 degrees per second; however, this
was not necessarily the maximum possible turn rate capability of
the system, since less than full tip-control-line retraction was
used to achieve this turn rate,

Touchdown of the test vehicle was normal, with the vehicle

L

coming to rest on its landing skids. Total time of the flight
was 16 minutes, 22.2 seconds.

Post test inspection of the parawing revealed only minor
damage of a superficial nature. This damage consisted of two 1/16-
inch diameter holes in the left section of the wing, just forward
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of the LT2 line attachment location, a 3-inch long tear in the
center nose section of the wing, just aft of the rei~forcing tape
between LK1 and RKl, a 12-inch long scuff mark in the center lobe
aft of the reinforcing tape between LK2 and RK2, and an 8-inch
long burned area in the left section of the wing on the inside
layer of the LK12 reinforcing patch. Also, the twc left side nose
snubber lines were damaged near the nose reefing rings.

Only anomaly in this test was a telemetry calibration signal
that was initiated approximately six seconds after parawing line
stretch, for a duration of about two seconds. This signal obscured
the loads readings during a significant portion of parawing second-
stage reefed inflation, making the apparent second-stage peak load

questionable.

Test 255T

The objective of Test 255T was to obtain gliding flight data
and to determine the effect of wing loading on gliding flight per-
formance. Also, this test was conducted to determine the degree
of repeatability of parawing flight performance. To this end the
test conditions were the same as those for Test 254T. The Version

No. VI wing was flown in this test.

The 6014 pound (WD) controllable test vehicle was launched
from the C-119 aircraft at an altitude of 24,700 ft. Vehicle
launch, deployment of the programmer parachute and system opera-
tion through programmer parachute disconnect were normal. Follow-
ing programmer parachute disconnect, two pilot parachutes were
deployed; the pilot parachutes in turn deployed the parawing. [.:
the time of parawing line stretch the dynamic pressure was 31 psf,
compared with 36 psf planned; the altitude at line stretch was

23,260 ft.
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; All stages of deployment were normal. Following the line

; transfer event at 32.03 seconds after launch, control of the sys-
tem was taken by the ground controller. The tip lines were re-
tracted and a stable, gliding configuration was established approx-

M

imately 80 seconds after launch. At 91.8 seconds after launch the

FURR

vehicle instrumented boom was extended and the system flown by the
ground controller to a prescribed maneuver plan. !Measured L/D

performance during steady gliding flight in this test varied from

S

a maximum of 2.64 to a minimum of 2.24. The maximum turn rate
measured in this test was 35.8 degrees per second. This turn rate
is considered a near-maximum turn rate for single~tip-line turn

control, based on previous test data.

agiecl il

Touchdown of the test vehicle was normal, with the vehicle

coming to rest on its landing skids. Total time of the flight was
15 minutes, 25.4 seconds.

Post test inspection of the parawing revealed no significant
damage to the wing, other than two burned areas and a scuff mark
in the nose area of the center section, adjacent to RKl, two scuff
marks in the righthand section, and some damage to one nose snubber

line, second line inboard from LKl1.

One anomaly of the test was the loss of both second stage
reefing cutters after they had performed their function. The
reefing cutter pocke!: had been torn free of the keel at RK2, simi-
lar to that which had occurred in Tests 204T and 206T, allowing
the cutters to fall out. This anomaly had no effect on the test.
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