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ABSTRACT

This report covers the development, test, and evaluation of a
maneuverable personnel parachute canopy assembly modification. The
canopy assembly tested was constructed from the basic 35-foot
diameter extended skirt canopy assembly, AF 49J7141-2, used with
Personnel Parachute, Troop-Back, 35-Foot Diameter, Type T-10,

A/P28S-14. A "TU" type of orifice was in;talled in the canopy, and
the slip risers utilized with the maneuverabic personnel parachute
assemblies, A/P28S-10 (Static Line) and A'P28S-13 (Free Fall) for
steering the parachute, were replaced by standard risers, AF 59C6174,

and control lines.

A total of 193 torso dummy tests in the weight categories of 250,
and 300 pounds were conducted to obtain data on the rate of descent,
horizontal speed, opening forces, and parachute performance at low and
high altitudes. The dummies were launched at airspeeds varying from
80 to 225 KIAS and at altitudes ranging from 1,000 to 15,000 feet.

A live jump test program was conducted in the weight categories of
200, 2-0, 300 pounds to deternine the rate of descent, turn rate,

horizontal speed, oscillation, minimurr safe deployment altitude, and
parachute performance and reliability. A total of 401 tests were
tompleted. Tests were made at exit airspeeds of 80 to 130 KIAS for
static line jumps, and 80 to 200 KIAS for free fall jumps at altitudes of
5,000 to 10, 000 feet.

The results of thi, test and evaluation program indicate that the
canopy assembly modification provides more naneuverability and a
better turn rate performance than that currently obtainable with the

maneuverable personnel parachute a~sernblies, Types A/PZ8S-10 and

A/P28S- 13.
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INTRODUCTION

Background. "hc Nvial Aciospac Recovery Facility (NAV-AERO-

RECOVFAC) received a request from Headquarters, Naval Air Systems

Command, Wasihir,.go:-, I. C., to cshiblih a program for the tebt and
evaluation of a design for a maneuverable personnel parachute canopy
assembly and a deployment bag, which had been recommended by the

Commander, Naval Operations Support Group, Atlantic (COMNAVOP-

SUPPGRULANT). This proposed design incorporated a "TU" type of

orifice in the rear of the 35-foot diameter extended skirt canopy utilized

in the A/P28S- 14, Static Line, Personnel, Troop-Back, Parachute

Assembly, Type T- 10. Control lines were attached to the suspension

lines numbered 7 and 24 at a point 10 feet above the connector links and

to the toggles located on the front of the rear risers for steering the

maneuverable parachute, in lieu of the slip risers normally employed.

The objective of the proposed canopy modification was to provide better

performance characteristics, than those described below for the

current approved military maneuverable personnel canopy assemblies

used with Types A/P28S- 10 (Static Line) and A/P28S-13 (Free Fall)

parachute assemblies, by:

a. Simplifying the steering of the parachute with the installation

of control lines.

b. Providing a faster turn rate.

c. Increasing the forward speed.

d. Improving the overall r-aneuverabiliLy.

The current military types of mancuverable personnel parachute

assemblies, A/P28S- 10 and A/P28S- 13 respectively, use a basic

35-foot diameter extended skirt canopy, which has been modified by

locating a polygon-shaped orifice symmetrically on the fore and aft

centerline in the rear of the canopy. The orifice allows air in the

inflated canopy to escape, propelling the canopy in a forward motion at

approximately 6 feet/second. The suspension line reinforcement in the

radial seams is ieft intact to provide structural and shape integrity.

Canop,, deformation and resultant directional change is obtained through

the use of slip risers. Slip risers are similar to conventional risers,

except that the midpoint is not restricted, and shortening of the front

or rear riser results in an equal lengthening of the opposite portion of

the riser and distorts the orifice and canopy shape causing the canopy

to rotate. Right or left hand' 180-degree turns can be executed in
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approxmn atcIv - s,.onds. A Shot '-ted rient rear or a left front riser

wtil resol, i a it, n l to e i-', and a shoItened left rear or a right

iront riser wvil! I in . o o i0) bc )c l. Shortening both front

risers an equal amount will increase the lorward speed; shortening

both rear rise, s xvil lte-rerr so ti;,- :VI. 1 S ; Cd s Ie I-t lcd procedure

will resualt in an increased rate of desceIt.

The continual effort required to steer the parachutc during descent

with slip risers can be fatiguing, and can result in a f-ully equipped

military parachutist not being at top cificicn.y inmediately upon landing.
Also, there is the inherent problem ol the paracl-utis cndavoring to
renember -hicl riser he uivst snortcn in order lO ax s C a tUr, to the

right or leit.

The use of conlic lines inst tad ol slip risers enables the parachutist

to -naneover more easviy. For exanpl, bv having l;e control lines

attached directly to the canopy, the parachutist by nerely pulling down

on the right control line immediately distorts the orifice, causing the

canopy to turn to the right; pulling down on the left control line results

in the canopy rotating to the left. The speed at which the canopy rotates

is affected by the weicht of the parachutist and the distance each control

line is pulled down. Pulling both control lines simultaneously will

reduce the forward speed. This action is known as "braking''.

Upon receipt of the prototypes of t!e proposed canopy assembly and

deployment bag from CD\INAVOPSUPPCRI.ANT, an inspection and

analysis was made of each item. The findings indicated that there were

some dimensional an(i cost ructiotla] prohlcns tih ich would have to be

resolved before proceeding v. ith the test programn

A conference was held, therefore. on 1 9 Aug-ust 19i5 at NAVAERO-

RECOVFAC, El Centro, Calliornia, with representatives of COMlNAV-

OPSUPPGRULANT and COMNAVOPSUPPGRUPAC. The purpose of

this meeting was to discuss, clarify, and resolve the final details for

the modification of the canopy assembly, and the Daraneters for the

test and evaluation program. Since the proposed modirication could not

be satisfactorily accomplished on the canopy assemblies used with the

A/P28S-10 and A/P2SS-13 parachute assemrblies without making a major

alteration to the orifice, this Facility presented a revision to the nodifi-

cation for consideration. See FIG. 1 and FIG. 2. The modification, as

revised, can be readily accomplished on either the canopy in the

A/PZ8S-14 assembly, or on the canopies in the A/P2S-10 and

A/PZSS- 13 assemblies by utilizing the present orifice. Also, this

9



TECIINICAL REPORT NO. 8-66

revisioin rclo, ,t cd the at-a 1rn cut o the control lines from the suspension

lines to t h' i idl-s tnh, i ,, :. terior edges of the orifice, and

substituted a deoinlcixil si, cct OV or the dce)loynent bag to be used with

the tree tall parachutc asseulbly. It was decided at the confer ence to

accept the re',is cxi :odiiicition Ixiiil-d by .NA\ AEIK IECO V1 A " ior

test and evaluation. The only other design changes authorized during
the conduct of the test program were those required to ensure safe

operation or to satislactorily meet the design parameters.

Pursuant to the action taken at the conference, Headquarters, Naval

Air Systems Command issued a revised AIRTASK Problem Assignment

No. 036-AE23- 74. This directive stated the purpose of the test and
evaluation ptogxatn, based on the parameters and requiirement listed

below, was to establish the performance characteristics and limitations

of this canopy design, and to determine the compatibility of this modified

canopy assembly to be deployed trom the existing static line parachute

container in the AiP28S-14 parachute assembly, and with a deployment

sleeve or a bag from the existing free fall container in the A/PZ8S- 13

parachute assembly.

a. Exit velocity capability:

(1) Static Line: 80-130 KIAS.

(2) Free Fall: 80-Z00 KIAS.

b. Exit altiiude capability up to 15, 000 feet.

c. Suspended Load: 300 pounds. This is defined as the jumper's

total weight., f, y equippcd, j:st prior to exit from the aircraft,

d. Sea level descent rate: 17-19.5 ftisec.

e. Control lines w;th toggles instead of slip risers for steering.

f. The tests were to provide data on the following performance

characteristic-s:

(1) Rate of descent.

(2) Rate of turn.

(3) Horizontal speed.

3
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(4), ilnim tii soet :v ojnent altitude at termlinal xelocitv,
i . V', .t!"t 1! k ,1I (i!5!1 i)t t..c" paraichutist fron- actuation o! thc
paracl111te ,.oItaier to . O'L ope, parachute.

Purpose. This i-cpo ! prest'lts i li-!io resulLs of It, Itest and (-vallo-

tion prograir c onducted to deteriniei the pertorman ce haracteristics
of the nodified Omneuverable personnel canopy ass embly and the
coMpatibility of the .nodilird canopy assembly when -sed with the
AiP2MS-14 and Ai 28S-13 parachute assemrblies.

DESCRIPTION OF EQUIPME.NT

Test I'evn. 1he itemi, tested x, as the 35-foot dian:eter extendcd skirt
canopy assembly: AF 49J7141-2, Type A/P2SS-14, Personnel Parachute,
Troop-Ba-k, Type T-10, wJibl was nliodiiled in tile rear wvith a i-gore
separation "TU" type of orifice an I the addition of control lines, FIG. 1.
At the canopy, the controi lines were attached to the bridles fastened to
the canopy radial seams 5 and 6, and 25 and 26, respectively. The
other ends of the control lines were attached to the toggles and secured
to the front side of the rear risers.

For live junip static line tests this canopy assembly was used with
the sane deployment bag, AF 'Db 27Tn, parachute container, AF 52E6269,
risers, AF 5C96174, and harness assembly, AF 59E6173, as furnished
with the T- 10 Troop-Back Personnel Parachute Assembly, Type
A iP 28S- 14. The packing procedores were in acmordance with those
outlined in USA TM 10-501 1 (Ref. I).

For 1\ to utp fre e tail tests this canopy assembly was used with a
deployment sleeve, FIG. 3. and the same pilot parachute, AF 6014249,
and harness assembly, AF 60J437l, as furnished with the Free Fall
Maneuverable Personnel Parachute Assembly, A.P28S-13. The para-
chute conta;,ncr Ued was AlF 51l' 180 MOD, which bad been modified
by deleting the requirement for the compartment, mounting bracket,

dual hcuing dat up, and openinc in the container for the installation of
the a:utomatic ripcord release, 'Type F- 113. The slip risers were
replaced with risers, AF 5Ctl 74. See FIG. 4 for layout of the free
fall para. hute assembly. Othe- than packing the canopy assembly in a
deployment sleeve, and elimcinating the installation of the a:tomatic
ripecoru release, Type F-IB, the packing procerlures utilized were the
sa me as those described in USA TB 10-517-1 (Ref. 2) for the Type

A/PZSS-13 parach:te assenbly.

4
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Launch Aircraft. C-47, C-130, and B-66 aircraft were used to launch
the torso dumm1les. The live ju-mp tests were made from U- IB, C-47,

C- 130, and A--3B airc raft.

Launch Devices. The following special equipment was employed to
launch the test dummies individually:

a. A launch board mounted on a hand truck was used to launch the
dummies from the side door of the C-47 aircraft.

b. A rack, which divided the bomb bay into four compartments, was
used to launch dummies from the B-66 aircraft.

Test Loads. On the dummy tests, torso dummies with gross weights
of 250 and 300 pounds were utilized as the test loads. Live jumps were

made by test parachutists of this Facility and parachutists fro:,i units
of NAVOPSUPPGRULANT and NAVOPSUPPGRUPAC. Lead shot

containers in various weight increments were used on turn rate and rate
of descent tests to ballast each parachutist exactly to gross weights of

200, 250, and 300 pounds. On all other tests, the test load was the
gross weight of each jumper with the normal parachutist's equipment.

This load varied from 185 to 275 pounds.

Parachutist's Equipment. All test parachutists were equipped with a
26-foot rollpack i eserve parachute with instrument mount panel contain-

ing a stop watch and an altimeter; jump suit, jump boots, helmet, and
goggles. For turn rate tests, each jumper ca ried a compass.

Photographic Equipment. The following camera equipment was used:

a. A minimun of 'hree Askania cinethcodolite cameras were used
to obtain space positioning data.

b. One Contraves cinetheodolite camera was used to determine

event times.

c. 16-mrm motion picture cameras were used for all ground-to-air,

plane-to-air, and air-to-air coverage. Color film was used at exposure
rates of 50, 64, 100, 12F and Z:00 frames per second. Still photographs
were taken with a Speedg aphic camera.

Telemetric (TM) Equipment. Telemetric equipment was used in con-
junction with the main riser strain gauge links to obtain individual riser
forces during parachute deployment and opening.

5
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Permeability Measurement Equipment. Permeability measurements
were madce on the 1. 1 ounce canopy material using a Frazier permea-
bility measuring machine, The permeability was obtained by calculat-
ing the flow of air in cubic feet per minute per square fot of the canopy

material with a 0. 5 inch water pressure differential between the two
sides of the material.

4

SCOPE OF TESTS

The modified canopy assembly design was tested and evaluated
under the established parameters to determine its performance

characteristics and limitations, and its capability to deploy satisfactorily
in a static line or a free fall configuration. Since this modification
could significantly affect the operational requirements of the parachute
assembly, the canopy was tested in the same manner as a new item. A
summary of the test conditions is shown in Table 1.

METHODS OF TESTS

The test methods were based on the specifications contained in

enclosure (i) to letter BUAER ALR-AE523/86 of 2 June 1955, subject:
"Criteria for Test and Evaluation of Personnel Parachutes and
Parachute Components; establishment of", and were conducted in

consonance with the parameters and requirements established for the
program.

Test Proctdures - Torso Dummy Tests, Permeability tests were
madc of a!l canopies used on twisted line, opening force, low altitude,
and high altitude performance tests.

Twisted Line Tests. The tests were started with four new canopy

assemblies. Each canopy as.,embly, FIG. 1, was packed, generally,
in accordance with the procedures outlined in USA TB 10-517-1 (Ref. 2)
for the A/P28S-13 parachute assembly, using a pilot parachute

AF 60J4249, except that a deployment sleeve, FIG. 3, was used in
lieu of the deployment bag, AF 61j4453, which is integral to the canopy

assembly, AF 58K6360. Risers, AF 59C6174, were substituted for
the slip risurs. The tests were conducted, as prescribed in RDB
Standard A- 1, enclosure (1), to the directive referred to in "Methods
of Tests". Since a deployment sleeve was used instead of a deploy-

ment bag, it was necessary to place the three 360-degree twists in

either direction, in the suspension lines immediately below the canopy
skirt, rather than at the point where the sleeve is closed, to obtain

6
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the proper test cordltion. Du-Lmies were launched individually from the

side door oi the C-47 air-craft. Each dummy was placed in a chest down,
base: aft position on the launch board. When the rear end of the board
was lifted, the dummy slid off. This method of launching minimized the

dummy tumbling and rotation. After exit of the dummy, the parachute
container was opened by an 18-foot static line attached to the aircraft.
The static line was rigged to break one turn of No. 5 cord doubled,
which permitted the parachute container to open. See FIG. 5 for install-
ation.

Opening Force Tests. The tests were started with four new canopy
assemblies. Each canopy assembly, FIG. 1, was packed, generally,
in accordance with the procedures outlined in TB 10-517-1 (Ref. 2),
using a pilot parachute, AF 60J4249, except that a deployment sleeve,

FIG. 3, was employed for 51 tests, and a deployment bag, FIG. 6, was
used for 10 tests instead of the deployment bag, AF 61J4453. Strain
gauge risers, AF 62C1254, were substituted for slip risers for use in
conjunction with telemetric equipment to obtain individual riser forces
during parachute deployment and opening. See FIG. 5.

For those tests where the torso dummies were launched at airspeeds

of 80, 110, 125 KIAS, a C-47 aircraft was used. The sequence of events
during the drop tests was the same as that described for the twisted
line tests.

A B-66 aircraft equipped with four compartments in the bomb bay
wa.i used for drop tests made in the airspeed ranges of 150 through
225 KIAS. One dummy was loaded in each compartment. The dummies
were released individually in a chest down, base aft attitude during
successive passes over the drop zone. An arming cable assembly 18
inches long attached to the bomb bay, actuated a Master Specialties
Automatic Parachute Ripcord Release incorporating a 0. 75 second
delay cartridge, as the dummny left the aircraft.

Opening force data was obtained by measuring, transmitting, and
recording with telemetry the output from the strain gauges. Event
times were obtained from the Contraves film and the binary time code

recorded on the motion picture film.

High Altitude Performance Tests. The tests were started with four new
canopy assemblies. The canopy assemblies were packed, generally,
in accordance with the procedures outlined in TB 10-517-1 (Ref. 2),

using a pilot parachute, AF 60J4Z49, except that a deployment sleeve,
FIG. 3, was employed for 42 tests and a deployment bag, FIG. 6, was
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used on 25 tests in lieu of the deployment bag, AF t1 '4453. Stra r
gx'-ge r~se~s wvere- substitu-ted f the slip -isc-rs

The C-17 aircrait was used to launc-h dumiis at a~ rspeeds of
110 and 125 KJAS at ' si.,-al' ude- --, 5 ,000 ayol 10, 000 iL-!. h

sequenc-e of events wvas the same as that previously desc r~bel bor
-u--ching dummies from C--4 aircraft.

The C- 1 30 aircraft was us ed to launch dlumnmies at airspeeds of 1 10
arid 125 KIAS at a pressure altitude of 15, 000 feet, and at an, a; speed of
150 KIAS and a pressure altitude o1 5, 000 feet. On these drup) -ests, the
duinnies wer pla,- ed irn an up -ight position, approxini& lvl six ]I-r!-
i on;l te left o" the irmp, and thien pushed ot : --;t. Afte'c.
from the aratt, te paiachute euntarne- wvas opene-d by- an 18- loo-t
slat; 1:nl, atta,-Jhed co the airc raft. The -,tat. 1_n- was ~d -( b oak

()i t.::- f c.5 cc ord doublcd, whlich permired t'-e p. ahc onta.e;1
to oper.. See E 1G. 5.

The B-- 6 airc raft wvas used to lalinch dlummies at ai'-speeds of 1 50,
175. 200, and 225 KIAS at pressure altitudes of 5, 000, 10, 000, ar d
15. 000 feet. The sequen. e of events was the same as that previously
described for launching dlummies from B-6&6 aircraft.

Test Procedures - Li-e Jumnp Tests. The tests were started wi,'th 14
rnew canopy assem-blies. The test parachutists assumed a stable prone
pos.tion as they left the aif-craft, In a stable prone position th,- body is
faci'ng downward legs spre ad, armis extended to the side, and head back,.

Static Line Tests. For static line ' umps from C-47, C-i130, and U- lB
a:rral the canopy assemblies '.'. re packed in accordance with the
procedures desc-rlbed in USA TM 10-501-1 (Ref. 1), using the samne
de-ployment bag. AF 56D(C27C(, parachute container, AF 52E:6269, and
hari-ess assembly, AF 59EC173, as furnished with the A/P28S- l-
pa-a-hute assembly. As a safety measure on the C-47 a~icraft to
preverAt ,ouling of the canopy on thc aircraft, a 5-foot static- line- ext,:n-

--ion, AF 53D6,887, as described in USAF TO 14D1-2-73 (Ref. 3), was
attached to the standard static line. The gross v.eight of the para-
chutists. ciui'pped with the normal parachutist's equipment, variedl
from 185 to 275 pounds. A total of 150 tesbts weeompletedi.

Free Fall Tests. During free fall jumps fromn U--lB, C .47, and A-3B
aIrc raft, the c-anopy assemblies were packed, geneially, in accordar. e
w'th the p-ocdures outlined in TB 10-51T-1 (Ref. 2), exi. ept that a
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deployment, sleeve, FIC. 3. was used. The same pilot parachute,
AF 60T4244, and harness assembly, AF 60J4371, as furnished with
parachuat, as;c~mbly, A/P28S.- 13, and the parachute container, AF
59Jo180 MOD, were employed. The slip risers were replaced with
risers, AF- 59C6174. FIG. 7 shows the parachute during descent.

A total of 36 turn rate tests were conducted from the C-47
aircraft. Test parachutists with gross weights of 200, 250, and 300
pounds performed various maneuvers such as turning and braking after

parachute opening. Turns of 180 and 360 degrees were timed by the
jumper using a stop watch and a reference point on the ground. Turn
times were obtained, also, from the binary time code recorded on the

film of the ground-to-air motion picture cameras. See Table 2.

A total of 130 live jumps were conducted from the U-lB aircraft at
airspeeds of 80 and 105 KIAS using jump and pull, 5 second, and 20
second delay methods. The gross weight of the jumpers varied from

185 to 275 pounds.

Twenty live jumps were made fom U-lB and C-47 aircraft at
airspeeds of 100 and 110 KIAS at a pressure altitude of 7,000 feet
with a 15 second time delay to determine the vertical fall distance
from manual parachute actuation to full open parachute after terminal

velocity had been reached. Mounted on the container was a flashbulb
arrangement, which was illuminated when the parachutist pulled the
ripcord. See FIG. 8. Data was acquired from Askania and Contraves

cinetheodolite cameras, and the binary time code on film used in the
ground -to-air motion picture coverage.

Five live jumps were made from an A-3B aircraft at an airspeed
of 200 KIAS at a pressure altitude of 10, 000 feet. On these tests, a

Master Specialties Automatic Parachute Ripcord Release with a 10
second delay was employed. The release was actuated upon exit of
the jumper from the aircraft.

RESULTS AND DISCUSSION

1. The results of the permeability measurements tests are shown in
Table 3.

2. The results of the twisted line tests indicated the parachute would
fully inflate with twisted lines and attain equilibrium prior to ground

impact of the dummy load.

9
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3. The results of the torso dummy drop tests conducted at an

absolute altitude of 1, 000 feet to acquire data on opening forces,
time fromn container opening to a full open parachute, and the vertical

fall distance from container opening to a full open parachute are shown
in Table 4, and FIG. 9 through FIG. 11.

There was normal deployment and opening of the canopy in 60 of
the 61 tests. All canopies which -sustained minor damage, still had an

acceptable rate of descent.

In describing damage to the canopies, "minor damage' is defined
as small tears, holes, strains, and friction burns; "major damage"

refers to extensive damage that prevented full inflation of the canopy.

Deployment sleeve tests. Minor damage occurred to the canopies
during 9 of the 47 tests conducted within the test parameters of 80 to
200 KIAS. During these tests there were no canopies damaged at
airspe- is below 150 KIAS. Minor damage was incurred by three
canopies at 150 KIAS, two canopies at 175 KIAS, and four canopies at
Z00 KIAS. At 225 KIAS three canopies received minor damage, and
one had major damage. Deployment of the latter canopy appeared
normal, however, the canopy failed to inflate fully because of the
extensive damage. This latter canopy had undergone 12 previous drop
tests at launch speeds varying from 80 to 200 KIAS. Minor ,iamage
consisted of friction burns and small holes, evidently caused during
extraction of the canopy from the deployment sleeve. Major damage
to the one canopy consisted of 7 blown panels and broken suspension
lines numbered 13 through 17.

Deployment bag tests. Minor damage occurred during two of

the ten tests. One canopy was damaged at 175 KIAS, and one canopy
at 200 KIAS. Damage consisted of friction burns, small holes, and

strains, apparently occurring during extraction of the canopy from
the deployment bag.

4. The results of the torso dummy drop tests conduct,. -t various
pressure altitudes to acquire data on opening forces, tii,: ro,.

container opening to full open parachute, and the vertical a. distance
from container opening to a full open parachute are shown in Table 5.

There was normal deployment and opening of the canopy in 66 of

the 67 tests. All canopies which sustained minor damage, still had
an acceptable rate of descent.

10
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Deployrneut sleeve tests. Minor damage occurred to the canopies
during 7 of the 39 tests conducted within the test parameters of 80
to 200 KIAS. During these tests there were no canopies damaged at
airspeeds below 150 KIAS. Minor damage was incurred by two
canopies at 150 KIAS, three canopies at 175 KIAS, and two canopies
at 200 KIAS. One of the canopies at 175 KIAS had a blown gore but
remained fully inflated. This latter canopy had undergone 11 previous

drop tests at launch speeds varying from 110 to 175 KIAS. At 225
KIAS three canopies had minor damage. Minor damage consisted of
friction burns and small holes, apparently caused during extraction
of the canopy from the dcplyinent sleeve.

Deployment bag tests. There were no canopies damaged at
airspeeds below 150 KIAS. Minor damage occurred to the canopies
during 4 of the 21 tests launched within the test parameters of 80

to 200 KIAS. Minor damage was incurred by two canopies at 1 50
KIAS and two canopies at 175 KLAS. One canopy had major damage
at 175 KIAS. Deployment of the latter canopy appeared normal,
however, the canopy failed to inflate fully because of the extensive

damage. Damage consisted of one blown gore, 17 blown panels,
friction burns, and small holes. This canopy had undergone 10
previous drop tests at launch speeds varying from 110 to 175 KIAS.

One canopy had damage at 200 KIAS consisting of large holes in six
panels, small holes, and severe friction burns. Deployment
appeared normal and the canopy remained inflated. This canopy had
undergone six previous drop tests at launch speeds varying from
150 to. 200 .KIAS. At 225 KIAS two canopies had minor damage.
Minor damage to the canopies consisted of friction burns and small
holes, apparently occurring during extraction of the canopy from the
deployment bag

During four of the tests which were initiated at an airspeed of

150 KIAS and at a pressure altitude of 15, 000 feet, the parachute
containers were opened by an automatic parachute ripcord release
after the dummies had fallen to 10, 000-foot altitude. The deploy-
ment of the canopy assemblies from two deployment sleeves and
two deployment bags was normal. The canopy assemblies incurred
no damage following the delayed opening. On all the other tests,

a 0. 75 second delay cartridge was used to actuate the ripcord
assembly upon release of the dummy from the aircraft.

I1
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5. The results of the live jump tests to determine the minimum safe
deployint altitude, i.e., the vertical fall distance of the parachutist
from the time of ripcord pull to a full open parachute, after terminal
velocity had been reached, are shown in Table 6.

6. During both static line and free fall live jump operations, the canopy
assemblies functioned satisfactorily. There were no malfunctions or
problems encountered, either when the canopy assembly was static line

deployed at airspeeds of 80, 110, and 130 KIAS, or during free fall
tests initiated at airspeeds of 80 KIAS, using either jump and pull or

20 second time delay, or at 110 KIAS with 5 and 15 second time delays,
or at 200 KIAS with a 10 second delay.

7. The testing of the deployment sleeve, selected during the conference
referred to in the "Introduction", indicated that the canopy assembly

would deploy satisfactorily from the sleeve during free fall operations.

It will be noted, also, that some tests were conducted using a deploy-

ment bag. These tests indicated the canopy assembly would deploy
satisfactorily from a full bag.

CONCLUSIONS

It is concluded:

1. The canopy assembly, as tested, for static line operations at

airspeeds of 80 to )30 KIAS, and for free fall operations at airspeeds of

80 to 200 KIAS, is structurally adequate and operationally satisfactory.

2. The canopy assembly, as modified, can be deployed from the

A/P28S-14 ty)e of parachute assembly for static line operations.

3. The canopy assembly, as modified, can be deployed from the
A/P28S-13 type of parachute assembly with either a deployment sleeve

or deployment bag for free fall operations.

4. The canopy assembly, as modified, provides a faster turning,

and thus a more maneuverable parachute assembly than the Parachute
Assembly A/P28S-10 (Ref. 4) and A/P28S-13 (HALO) (Ref. 2); i.e.,
a turn rate of approximately 4. 5 seconds vs 9 seconds for 180-degree

turns, and a forward speed of approximately 14 feet/second vs c feet/

second.

12
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5. The rate of descent range (16. 14 to 20.22 feet/second) was
adjudged acceptablc and sufficiently within the performance specified
for a 300-pound parachutist.

RECONMME NDATIONS

It is recommended that:

1. The deployment sleeve be used with the parachute assembly
for free fall operations.

2. This canopy assembly not be used at exit speeds higher than
130 knots for static line operations. This limitation is compatible
with the operational limitations delineated in Reference 4, since this
assembly is similar in construction and in configuration.

3. Organizations employing this canopy assembly consult USA
TM 57-220 (Ref. 5) and AFM 55-Series/Aircraft (Ref. 6) for informa-
tion on the operational techniques, procedures, and limitations
pertaining to parachuting with the A/P28S-l0 and A/PZ8S-13 types of
parachute assemblies from Army and Air Force aircraft, and appiicable
aircraft in the Navy inventory.

13
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FIG. 2. Inflated Modified Canopy During Descent.
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FIG. 3. Canopy Assembly Laid Out in Deployment Sleeve.
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FIG. 4. Layout of Frec Fall Par~achute Assembly.
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21329

FIG. 5. Container Assembly Attached to Torso Dummy-

Static Line Attachment and Telemetry Installation.
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FIG. 6. Canopy Assembly Laid Out in Deployment Bag.
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19410

FIG. 7. Modified Maneuverable Personnel Parachute During Descent.
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FIG. 8. Fla,;hbulb Installation Mounted on Parachute Container.
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NOTE: Refer to Table 6 for data on fall distance for
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