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FOREWORD

caaciale i e L s i s

Although there has been no documented Army Requirement, the use
of high-glide personnel parachutes has been considered to be appli-
cable for certain types of military airborne operations. Some of
the possible military personnel delivery applications are reviewed
s along with performance characteristics and considerations of the
b better known high-glide parachute designs.

This study was conducted under Department of the Army Project
No. 1F162203AA33-03, Exploratory Development of Airdrop Systems.
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. ABSTRACY

paratroopers.

high-glide personnel parachutes.

The successful sccomplishment of certain types of military airborne
operationg would be enhanced if the parachutists had the capability to.
glide and mmusuver across relatively large distances while descending to
their intended landing area.

Many jumps by sport parachutists and mili-

tary exhibition teams have demonstrated the feasibility of maneuverable,
The performance characteristics of the
best known high-glide parachute designs are reviewed along with their
possible application to military personnel airdrc. operations. Although
sport and exhibition jumps are being made as &an €¢veryday occur:ence, many
problems of a theoretical and practical nature r¢ main to be solved for
the successful applicetion of high-glide parachu: e8 to the more demanding
requirements that might be necessary for military operations involving
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INTRODUCTION

Purpose

The satisfactory accomplishment of certain types of military
airborne operacions would be enhanced by the ability.of the para-
chuting personnel to traverse and maneuver across relatively large
horizontal distances while descending from medium and high alti-
tudes. It would also be beneficial for them to have the capability
of penetraeting or moving against the prevailing wind. Within the
last twenty years, parachutes have evolved from straight_drag pro-
ducing devices to those that glide, i.e., they have canopies. that
produce not only drag but also lift, It is the purpoge.nf this
report to examine the possible military personnel airdrop applica-
tions for a maneuverable{ high-glide ratio parachute and to dis-
cuss the performance of currenc designs. Tue parachutes iucluded
in this report have glide ratios of two to ome or better and are
arbitrarily categorized as high-glide parachutes.
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MIL ITARY POTENTIAL

Tnz H:pgh-=glids parachule, which in calm air travels horizoatally
twc to feur faet for avery foot it descends and has high maneuver-
abiiity, provides the promise of increased mobility over those
parachutes currantly in us2 by the Army. Its high horizontal speed
also cvarcemes a limitation of the more cornventional parachutes by
previdicrg a wird pensiration capability. Thase tharacteristics make
ne high-plide parachute of interest for certain military operations.

Parazhutiets {~veived in specializacd operations, such as thosa
amploying small <comha® groups or clandastina teams, could jump from
medium or high altitude with a large cffset from their intended
ianding area and “heredy achieve better security for the operation.
Due o zhe high horizontal spe2ed and the capability of the jumper
to mareuver “he canapy he could dbetter cope with the vagaries of the
prevatiling wirds ani lesger inaccuracies due to release point errors,
A faw spacifiz arzas cf application of this type of parachute would
be as a replacement for the present mansuverable parack:%e for free-
fall operations cr ag the matn razuvery parachute of a two-stage,
stabilized fall, high altitcde atzdrop esystem for personnel,

The ure of mansuverable, highe-glice parachutes duriog mass troop
typa statiz line jumps is questionable due to the corgestion in the
alr ovar the drop zone arnd the intenegity of tratning which may be
reguiras %o achiave and maintain i{n the paratrooper the high degree
of sxpertise rnecessary to adequately handle thic type of chute. A
further consideration would be the adverse impact on already cver-
burdered and unlerstaffed packing and waintenance facilities as a
result of the longer turn arcund tim3 associated with this type of
parach:te. More frequent and detailed irspections would also be
raguired to insare that o dieensional changss had cecurred to upset
the Cesired asveriznamic charactaristics of the parachute, and repairs
would be of a more compllicateld and time consuming nature than those
asscciatal with surrently uses parsonrel airdrop parachutes,
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TYPES OF HIGH-GLIDE PARACHUTES

Parawing

The best known and most thoroughly investigated type of gliding
parachute is the Parawing. Investigation of Parawing technology has
been going on for gomewhat more than a decade and is an outgrowth of
early work on flexible kites by Mr. Francis M. Rogallo of NASA.
During its investigations, NASA has conducted or sponsored studies
on over one~hundred variations ultimately focusing their efforts on
the single (Fig. 1) and twin-keeled {(Fig. 2) Parawing designs. Other
investigatory work on the application of the Parawing to precision
airdrop of cargo has been conducted by the U. S. Army Aviation
Materiel Laboratories and at least one manufacturer is producing a
slotted canopy Parawing for sports parachutists. The tirst pre-
meditated jumps with the Parawing were made 17 1966 by members of
the U. S. Army Dewonstration Team (Golden Knights) and Special War-
fare Personnel at Fort Bragg, North Carolina. Many more Parawing
jumps have been made in the intervening years by both military
exhibition teams and sport parachuting enthusiasts.

The most common configurations of the all-flexible Rarawing
being employed for personnel jumps at this time are either single
or twin-keeled, having leading edges which are swept 45° and equal
in length to the theoretical keel length. To forest:ll premature
nose collapse or tuck under, the nose of thz2 Parawing is cut-off
at a distance one-eighth of a keel length back from the theoreticai
leading edge apex.

The Parawing being of all flexible construction, depends or
tension in suspension lines located along its leading edges and
keel(s) to maintain the proper canopy shape when inflated. Unequal
elongation, that is not immediately recoverable, of any of these
lines occurring during the opening process causes changes in the
inflated canopy shape and aerodynamic performance. The rnumber of
lines vary with different designs with control being effected by
retraction of the most rearward leading edge suspension line
located at each tip. Dependent on their number and function, these
suspension lines vary in breaking strength from 550 lbs. to 1500 ibs.
Both solid and slotted canopies have found application in personnel
use with the canopy material being of zero or very low porosity
calendered and coated nylor ripstock weighing 2.25 cz./sq +3. Beth
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2 sxve zype Jsployment have been employed, 'gencerally ia conk
juaction with some tvpe of openingshock attenuating device.
1

!
Mioeh dutera2et has been generatad Iin the basic Parawing becauée
~f Ltz velative simpiicity, positive and reliable opening character-
isi:izs and its capatility of mai“taining stable gliding flight when

=

prcpevly trimmed. However, the inherent rapid opening character-
ighies the unreefed low'porosity ‘canopy causes Pndesirably high
aprllog ShOukq. !

U.S. Navy tests of 20 and 24' ft. unreefed Patawings deployed by °
static line at 80 to 110 KIAS at 100Q ft.. pressure altitude indicated
e<cessively high opering shocks with an attendant suspension line,
elongation problem, It was :concluded that in order to improve
dapleyment and znsuing flight performance, further dedign and devel-
opment work was required 1 . g
Numercus methods and devices have been:employed in an attempt to
reduce the high shock loads to a comfortable leével fox repeated Jjumps
(ahour 4-8 G's). A reduction in opening shock to this level would
also greatly reduce structural problems and result in more consistent
aercdynamic performance. The use of a slotted ?g?opy appears to '
lownv the operiing shock by about forty percent. ‘Such techniques
as staged inflation using varfous reefing techniques, use of a
wrapping flap to slow inflation by releasing the lines slowly,
various degrees cf nose tuck in conjunction with a Zero length
czefing line, centar keel- linz, retraction.and various meghanical '’
erices have been tried with varying degrees of success, In gome
nsiiavces opening shock loads at fairly high dynamic pressure have
reduced to a comfortable level with a particular.attenuating
methcﬁ cr device but the means employed proved to lower the relia-,
opility of opening, intrcduce a tendency for the canopy,to spiral
during some stage of bpening or be incapable of producing repeatable
results. Conflicting comments from jumpers regarding the severity
of operning shock when using current methods of attenuation indicates
a lack of ccrsistency and repeatability in the opening shock experi=
enced and the mzed for, further improvements. o
Test data indicate the twin-keel Parawing to have a somevhet
highar L/D than the single-keel Parawing. Various sources have
repoerted a nominal L/D of approximately 2.0 for the single-keel
zrgion versus a nominal L/D for theitwin-kekled version of about -
2.&. Maximum L/D valués attained in wind tunnel tests without the
addes drag of a paylcad were 2.7 for the single-keel and 3.3 for '
ihe twis-keel. The Parawing shows a direct correlation bétween
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L/V and.eonteol input semsitivity. When triwmed for saxiwum L/D it

is quite sensitive to canopy geometry changes caused by either inten-
tional control inputs or unequal line or canopy set. The uninten-
tional inputs oftentimes results in lower lift/drag ratios and dynamic
stability problems. Degree of bank, rate and direction cf turn depends
on retraction of control lirpes running to each tip. Control line
movements of less than 17 of the theoretical keel length will induce a
shallow bank and slow turn to the same side as the retracted control
line. A retraction of about 57 will result in bank angles on the
order of 50-60 degrees and 360° turns in 3-4 seconds. Required con-
trol line input force varies from 10-12 lbs. at 1% retraction to

20-25 lbs. at 57 retraction. The angle of attack range over which
the canopy is statically stable is quite small and is limited to
angles below stall. Maximum L/D occurs at the minimum stable angle

of attack and a further reduction of this angle results. in canopy

nose collapse. Control inputs tlat take the canopy through stall

can cause pitch osciltations and in some cases short periods of
vertical or backward flight of the canopy have been observed. Stall
recovery is affected quite readily by releasing the control lines

to the steady flight configuration.

The resultant force coefficient of the parawing is essentially
constant over the stable angle of attack range and therefore, the
flight velocity components at a given altitude are fixed by the
wing loading. Assuming an L/D of 2.0 for a single-keeled solid
Parawing, wing loadings of 0.5 lbs./ft.” to 1.5/ft.“ appear to be
reasonable for personnel jumps and result in vertical velocities
et sea level of about 9 ft/se: to 16 ft/sec respectively with
horizontal velocities of 18 ft/sec to 32 ft/sec. Most sport and
militavy demonstration jumps have been made at the lower ro mid-
range wing loadings resulting in fairly low velocities. These low
velocities are entirely adequate for jumps of this type as the
jumper does not have to jump on days with high wind conditions.
Landing in winds of higher speeds than the still air horizontal
speed capability of the canopy, gives the jumper the unenviable
choice of landing backwards or makéng a high speed downwind landing.
In flight, a high horizontal speed for good wind penetration is
desirable while at landing, low vertical and horizontal velocities
are desirable. Various devices or techniques have been employed
in an attempt to lower landing velocities to acceptable vglues.
Such methods are employed as orienting the canopy into. the wind
on landing, flaring out the canopy just before touchdown, and use
of ¢ landing flap. Also propnsed is the variable area twin-keel
Parawing. This design has the keel reefed together to reduce the
canopy area, thus increasing velocities during flight. Provision




is made to disreef the keels before landing which increases the ar:a,
lowers the wing loading and reduces the horizontal and vertical
velocities.

The currentl, employed landing technique results in a consider-
able reduction of horizontal and vertical velocity at landing by
orieniing the canropy into the wind and performing a flare maneuver.
This maneuver calls for precise timing and expertise and is executed
by starting control line retraction 6-8 ft. above ground so that az
touch down the arms are fully extended. Star:ing.e turn.to orient
the canopy into the wind at too low an altitude or ste-ting the flare
maneuver slightly early can result in high impact velccities at
laauing, with an increased potential for injury.
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Para-:-oil

The concept of the Para-Fuil (Fig. 3) high-glide parachute
originated with Mr. Domina C. Jalbert and in its originai iorm
was called the “Jalbert Multi-Cell Airfoil." Since 1964 con-
tinuiag research and development has been carried on by the USAF
and th2 University of Notre Dame under tre guidarce c¢f Dr Jeiin D.
Nicolaides of the University's Department of Aerospace and
Mechanical Engineering. During tether tests at Notre Dame in
1965, two students were inadvertently lifted from the ground and
thus live Para-Toil flights began. It soon became standard zrac-
tice t¢ tow students to several hundred feet, release the tow rope
and let them glide back tc earth.

The first premeditated !ive jumps took place in 1966, ut’lizing
Para-Foils of 1.5 and 1.8 aspect ratios with 165 and 360 square
feet of arec respectiveiy. Under the guidance of Dr. Nicolaides
cf Notre Dame, members of the US Army Gclden Knights parachute team
successfully jumped a ®ara-Foil of 2.0 aspect ratio and 360 square
fect a total of 30 times. In late 1967, the US Air Fcice Flight
Dynamics Laboratory acquired from Notre Dame a 2.0 asgect ratio
Para-Foil of 360 sq ft. area to accumulate live jump performance
data. The live jump tests were conducted in June of 1968 and
zonsisted of seven successful jumps from a ligit aircraft. Visual
observaticn and post-jump comment by jumpers, renorted reliable
deployment and inflation, good flight perfcrmsnce znd :asy "flare-
out" capability on landing. Since then many more succz2ssful jumps
have been made by the members of the Golisn Knights.

The Para-Foil is rectangular in plenform ard when :nflcted it
has a double surtaced flat bottom air foil shepe of approximately
20% tuickness. The upper and lower surfaces are constructed of
low or zero porosity coated nylon and it is divided into a number
of cells by fabric ribs. These cells are open at the l:ading
edge and closed at the trailing edge. When in flight, rar air
pressure inflates these cells through the open laeading edge and
this in combination with the reduced pressure over the top sur-
face. inflates the Para-Foil to its airfoil shape. The fabric
ribs separating the cells are ported to equalize the air pressure
throughout the inflated canopy. For all practica! purpases, once
the canopy is inflated, the ram air within is stagnant and there
is no air flow either into or out of it. Suspensiaon lines are
attached to the bottom of the canopy by flares or oennants along
the rib lines. These flares serve tc transmit and dist:ribute
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suspension line loads evenly, provide side area for dynamic flight
stability and reduce aerodynamic losses at the sides. Suspension lines
are of 550 and 75C lbs. breaking strength nylon cord and control is
effected by a downward deflection of the outer trailing edge of the
canopy on the same side as the intended turn. The landing flare
maneuver is performed by an equal, downward deflez:tion of both outer
trailing edges.

Various packing and deployment techniques have been used to
control the high opening forces that aie associated with all low
porosity canopies. Available data indicate that unreef=d opening
forces are somewhat lower than for the unreefed Parawing. US Navy
tests of an unreefed Para-Foil for personnel having an area of 360
sq. ft. and an aspect ratio 2.C resulted in unacceptably high open-
ing forces.(3) Average opening shock load at 150 K1AS and 1500 ft.
altitude was 14.0 G's with a peak of 19 G's. A peak aof 16 G's was
recorded at 131 knots and 15,000 ft. before the canapy suffered
major damage such that it did not inflate. Average lift/drag ratios
measured varied from 2.6 to 3.8. It was concluded that structural
elongations occurring because of the high opening forces resulted in
the varying perf~rmance and it was -ecessary to measure and adjust
suspension lines prior to eacu flight.

On cargo drons the Air For:e has reduced opening shock on a
Para-foil from about 15 G's at 130 KIAS to approximately &4 G's,
which occurs twice during opening. This method incorporates riser
reefing and closure of about 30% of the cell inlet height. This is
two-stage reefing, the closu:+ of tne inlet for two secornds after
aircraft release and riser re.:: ing for four secoads. Total reefiny
time is four seconds. The Parae-Fcil remains ir a partially inflated
ccadition until viser release, whercupon it assume~ its unieefec
angle of &'tack and completes infiation. This rapit change in angle
causes a perd:lum type oscillation which danpens cul in abc -

15 seconds.

As would be expected from airfoil theory. lift/drag ratio varies
with ascec” ratio. Wind tunnel tests have determined the maximum
lift/drag ratio of a canopy with an aspect rat‘o of L.0 to be about
3.0 at an angle of attack of 10°, a maximum L/D of 6.G at 6° angie of
attack was neasured for a 3.0 aspect ratic canopy. With estimated
line drag these figures are reduced to 2.2 at 12° and 4.0 at 8°
respectively. In general, actual flight tests have thown somewhat higher
lift/drag ratins with r greater dispersion of measured values. The
higher values of L/D may be due to the higher Reynclds number and the
dispersion due to measuring inaccuracies or flight trim inconsistencies.
Idealiy, large aspect ratios are desired to obtain high values of lift/
drag. However, this is not always possible from a practical standpoint
and conservative aspect ratios of around 2.0 &re§esploved for spanwise
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rigidity, safe deploymert, reasonable efficiency, and flight stgbility.
The average glide ratio during flight is lowered somewhat due to lift/
drag reduction during tures and wind gusts. Canopy.loading for per-
achmzl afrdrops would depe? upon the wind penetration desired and
wouls vary from about 0.75 to 2.0 lbs/sq £t for probable military
applicaticns. .

Para-Foil steerimg contrcl can be effected in several ways. The
Air Force irwestigatesd steering by warping the trailing edge of the
Para-Foil by pulling on various suspension line flares in the aft two
Towg and also by the method of deflecting one of the forward outhoard
ccrnere Yy ceollapsiag or constricting *he cell inlets.. Pulling on the
aft flares sometimes resulted in control reversal, the Para-Foil turn-
ing to tte side opposite the intended turn and then reversing itself
to the intended diraction after further control line retraction. Con-
etricting the inlet celle required lass control line travel and force
and did not exhibit the control reversal characteristic. Evidently
the problem of control reversal has been solved as the currantly used
method of control for manned Para-Foil use is the trailing erdge warp.
With this type of control, 1ift is lost on the side of canopy deformed
by the pull or th2 control lines. Therefore, control is by a spoiler
effect az opposed tc a corventional aileror effect.

Ths Para-Foil has demonstrated the capability of being flown over
a wicde range cf stable angles of attack from about minus 8° to plus
80° and accordinrg to statements from its proponents, the 1ift/drag
ratio can be modulated while in flight from zero to maximum. Tests
that have been coniucted have shown excellent inflight stability with
the capability of the canopy being-flared out for landing when 5 - 10
£t. above the ground by simultaneously retracting both control lines
to their full extension. When done correctly, this results in a near
zero velocity landing.

Because of the double surface airfoil shape, the weight, bulk and
complexity cf cozstruction of the Para-Foil is considerably greater than
the Parawing. Its cost is therefore. correspondingly greater also.
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Volplane

The "Volplane" (Fig. 4 ) is a high-glide parachute design of the
Picneer Parachute Co., Manchester, Connecticut. No wiand tunnel and
only limited flight test data was available to the author from the
manufacturer. The "Volplane" is rectangular in planform. It is a
semi~double surface canopy cnd is double surfaced for 507 of its cord
length behind the leading edge. The rear of t.e bottom surface is
sewn to the upper surface with a forward folded flap that functions
in the manner of a check valve. The double surfaced portion is
divided into a number of individual cells similar to the Para-Foil
by fabric ribs which contain ports to equalize the air pressure
within the canopy. Catenary panels sewn to the canopy to alternate
rib positions serve to distribute lcads in the suspension lines end
to provide side area for increased stability. The patented cell
construction results in a check valve type action that prevents the
canopy foom collapsing by providing a reversed air flow through the
cell when the canopy stalls, thus maintaining pressure against the
upper surface. The shapecof the Leading edge is maintained in normal
flight by ram air pressure and the rear of the cell is closed against
air flow,

i a s o i ik i i Fynst o g Lo - el i
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It is claimed that the Volplane opens in an orderly manner and
when used without reefing has an opening shock similar to a reefed
Parawing. Considerable work has been done by the manufacturer in
1n attempt to produce a reliable reefing device to limit the opening
shock at low altitude terminal velocity deployments. The current
reefing method being supplied with the canopy consists of a cord
ithat is threaded through grommets in each flare just above the flare/
suspension line attachment points, a trigger release mechanism for
effecting disreef. and a hydrauiic cylinder which control!s time to
disreef. Two opening shocks are felt with this system, one at reefed
inflation and a second of slightly less magnitude at fuil inflation.
Qualitative descriptions of the opening shocks experienced at terminal
velocity deployments with 3-4 second reefing delavs, liken them as
being about the same as that experienced with a luw altitude terminal
opening of the Army's standard HALO maneuverable parachute. Excessive
reefing delay sometimes results in line twists brought about by canopy
rotation. Unequal line stretch problems are claimed to be eliminated
due to the low opening shock at the deployment velocities of interest
to the soort jumper and by the use of prestretched and heat set Dacron
lines.

The Volplane reportedly is not as sensitive to control iine move-
ments as a single surface ganopy &nd rate of turn is reported to be on
the order of 4-5 seconds for the {irst 360 degrees. Control is

13
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accomplished by deflecting the outer trailing edge down in the intended
direction cf turn. Stalls can be induced by about a 3 foot retraction
of both contro! !ines. During stall the air flow is reversed forcing
the cell satety valve open reportedly resulting in short periods of
reverse flight.

Periods of ex*ended flight at lift/drag ratios varying from about

0.8 to a moximum of 4.0 are reported. Vertical and horizontal velocities
are significantly reduced for landing by performing a flare maneuver.
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Sailwirg

The: "Sailwing" high-glidz parach.te (Fig. 5) is a design of Mr,
David Barrigh of Barrish a .l Asscciates, New York, New York. It is
essentially rectangular iu planform consisting of five lobes of
srap:d panels rolied under at the leading edge. It is a single sur-
face cancpy heirg constructed of calendered ard ccoated 1.6 oz/sq vd
low porogity =,/loi ripstock with catenary pansls a2 the lche junctions
which are shap:1 to give a slight camber to the camopy. Suispeasion
and control lines are currzitly of low elorgation Dacron vf various
tenigile strengths which are attached to the catenary panels.

The egailwing is deployed in a reefed condizion by a pilot chute,
Six seconds after line stretch a canopy reefing lire is cut allowing
the recefed canopy to partially inflate to a horseshce like shape.
Ten secor-ds after line stretch the control line reefing is cut and
the canopy assumes its fully inflated wing~like gliding configuration.
Transitior. £from the partially inflated horseshoe stage to the fimal
glidie config:ration is scmetimes rardom with a teniancy for the out-
boawd caropy panels to flap, rotate, and the leading edges sometime
fcld ard tuck urnder, If this action is severe encugh, full inflation
wili not take place,

In a recent US Navy test opening forces vari:I from 5.4 G's to
11.5 G's using the aforementio.ed reefing with static line degioyment
initiation at speeds of 60 to 110 KIAS at 1500 foot altitude. U O
elevern out of eighteen tests conducted, a makfunction of cne typ2 or
anozher cauvsed the canopy to fail to fully inflate, A-‘er each test
it was fcund recessary to replace the control lines because of damage
that they had incurred during deployment. Testing was terminated due
to the deployiment ard inflation problemc, When the canopy was suce
cessfully deployed, it glided in a stable manner with little oscililation
and had an average L/D which varied from 0.41 to 5.1, 'The large var:.at .c.
1n L/D beiwng the effect of the various canopy ard coatrol line damage.
When line stretch doss cccur, it generally wanifests itself irn ar
assym:ttrical cancpy cordition inducing a terndency for the canopy to rurn
to one side or the other. A recent change from mylon to low elongation
Dacron has reportedly =liminated problems of lire streteh.

Steering and cortrol is done through a lelt and a right control
line attached to a bridle arrangement to deflect the outer trailing
edge downward on th2 side of the intended turr. Control sensitivity is
reported to be similar tc the Parawing with a somewhat greater {orce
requizad to effect a turin. Stalls are said to compare in severity with
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those of the Parawing. St-1l recovery is brought about by release of
the control lines and is immediate but there is generally a short period
of instability before stable flight is again achieved.

Typical size and loading, claimed by the designer, for a Sailwing
intended for personnel use, would be a canopy loading of 1.4 1bs/sq ft and
an aspect ratio of about 3 or 4 to 1. It would have a rate of descent
on the order of 8 ft/sec with an average lift/drag ratio of 4., The
permigsible 1ift/drag modulation is also similar to the Parawing (quite
low). The maximum 1ift/drag ratio of the Sailwing is limited by leading
edge collapse. When this occurs large oscillations ensue. Speed
reduction at landing is accomplished with an into the-wind flare maneuver
in the same manner as with other high-glide parachutes.

18
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DISCUSSION

The feasibility of the maneuverable high-gliding parachute has been
proven. Successful jumps by sports enthuciasts and the US Army Parachute
Team (Golden Knights) are now an everyday occurrence. However, these
jumps are in most instances made in daylight hours under favorable
environmertal conditions, by jumpers with a high degree of training an<
expertiss and unencumbered with combat equipment. These highly trai-ed
jurpers are generally able to copg with emergency situations such as
poor openings or out of trim flight much more readily than the average
militarv paratrooper.

The equipment used by the sport jumper is not normally used at the
higter deplovment speeds and altitudes and in the enviropmental extremes
involved in airborne operations. Further, it does not have to comply with
the reliability standards of the military which must be met to provide
safe injury free airdrop of personnel charged with vital military missions
to perform. FAA regulations require only one approved parachute to be
worn by the sport juwper. This enables him to use a main pairachute that
hasn‘t been FAA qualified as long 2s he wears an FAA approved reserve.

The attitude of the more proficient sport jumper. in genaral, is that if
a malfunction occurs it can be readily overcome by utilizatiam of the
proper -orrective action or the main canopy may be jettisoned and the
reserve employed. This is not without its consequances. The past and
preseut safety record achieved with sport parachuting equipment is not
acceptable for miiitary premeditated jumping. In those cases where such
equipment has been employed by the military becsuse of other overriding
considerations, the safety compromises involved have bzen clearly defined
to the user.

lmprovements have been made in methods and devices to attenuate
loads encountered during the opening process of high-glide parachutes.
These methods and devices developed by private industry have been pri-
marily geared tows.2. limiténg the degree of opening loads encountered
vhen the canopy is deployed at te-minal velocity and low altitudes.
However, engineering development still remains to be done in this area to
further attenuate opening shock and improve deployment/opening reliability
for military use.

All high-glide parachutes are performance sensitive to canopy geometry
changes resulting from unrecovered. nnequal elongatiorns of the «-nopy
itself or the suspension/control lines. US Navy tests of unreefed high-
glide paractutes have revealed a necessity to adjust suspension/control
lines te original trim lengths prior to each jump. Failure to do so
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resultel i~ a- cverall lowering of performance and reliabilicy that
would be hazardous to a jumper. V=ry high opening forces were
o~ courzevel with these usreefad low porosity canopies even at low
deployme: . airspeeds and altitudes. The use .of reefing or staging
to limit the peak operirg loads is mandatory anu provides a partial
sclution to the structural problems.

Some irvestigatory wovk has been done im a. attempt “o Jetormine
: maicrials a~d methods of construction best suited for high-glide
i parachute co:struction. (5) A calenderad and polyurethane coated nylon
{ ripstop weighing 2.2 oz/sq yd has been proposed as meeting the criteria
for high-glide personnel! cancpies in that it has a high strength to
weight ratio, low porosity after biaxial loading ard good resistance
to frictional burnirg. Results with line material have not been as
promising, as it was determined that none of the materials tested hagd
the desitred dimensional stability. The current approach to the line
problem used or some high-glide designs,is the use of prestretched
- and heat %reated dacron. The lines ere so sized. that tensile loads
4 occurring in the lines during opening shock are wall within the
elastic limit and any resulting elongation is. immediately recovered.
It is claimed that this approach in combination with an artenuator to
limit peak opening loads, virtually eliminates trim problems due to
li-e stretch at low altitude, terminal velocity deplayments.. No
definitive test data are available to support this claim o-her than
qualitative repcrts from sport-jumpers., As dimevns:cral :integrity ot
the lines after subjection to opening shock loads has been a problem
commen to all high-glide canopies tested by the m1l1tary to date, this
claim bears close scrutiny. .

The parachutes discussed in this report are controlled or steered
by a downward deflection of the trailing edge or tip of the canopy or
the same side as the intended turn. The flare-out maneuver which reduc. s
norizortal and vertical velocities at landing is performed by a simu:-
taneous equal, downward deflection of both outer trailing edges or tips.
The single surface canopy designs have a v.ry narrow range of stable
angle of attack with little lift/drag mcdulatiorn capability. They are
also less tolerant of heavy-haaded control inputs and structural eloiga-
tions than the double or semi~-double surface canopies. 1Their main appeal
3 lies in thneir relatively simple construction and consequent lower cost,
weight and volume. The full or semi~double surface canony designs
appear to have an advantage in aerodynamic perfcrmance and stahility.
Test data indicates a range of stable angle of attack.roughly three
times that of the single surface designs with the.capahility of much
greater lift/drag mcdulation. Less critical preparatiau for the landirg
flare maneuver with greater speed reduction is also claimed for these
designs.
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All manufacturers of sport type high-glide parachutes currently
recommend that a prospective user have a high degree af parachuting
expertise, on the order of 200 jumps with a maneuverable. parachute
of the type used for competition jumping. Some include a.mandatory
jump orientation training program with the sale of each high-glide
chute. In the case of those designs that are towable, control and
landing practice can be acccmplished using a car or truck to tow
the parachute to altitude whereupon the trainee releases the tow
and glides in for a landing.
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SUMMARY

Alihough rouiine jumps are being made every day with glidirg para-
chutes by sport jumpers and military demonstration, exhibitior ani
competition teams, military combat operations require higher perform-
arce parameters. Deplovuents at higher airspeeds and altitudes witch
ro appreciable i~crease ir: cpening shock loads over that of curreat
staxiard militar, parachutes dictates the need for a shock attecuating
method or device tha! does not adversely affect the cverall relianility
of the opering sequence and subsequent gliding flight. At preseut there
is no prover device or me2:hod that has demonstrated this capability.

Aerodynamic performance is such that a high glide parachute when
cized to be competitive in weight and packed volume to a standard
military maneuverable parachute results in horizontal and .vertical
vzlocities ot possible military interest for such purpases as wird
penetration, offset jump capability, landing in higher grou:d winds and
reducing drop zone dispersion. It should be borze in mird tnat jumpers
of differext weights, usirg the same size and type of cancpy, would have
different gliding velocities with the heavi_.r jumper Yeipg able to pene-
trate somewhat higher wirds.

Testimony of sport jumpers supports the claim o7 menafacturers
that the problem of flight to flight performance changes occasiored
bv random canopy or line stretch has been eliminated or greatly lessened
at the deployment speeds ¢nd altitudes of intevest to the sport erthusiast
This has been brought about by the applicatiorn of better suited materials
and techuiques of construction and the use of various techniques to limit
opening shock loads. It is possible, however, that urdetected subtle,
long-term changes in performance might take place.

All the gliding cancpies chat have been discussed in this vepor: are
capable of controllable, stable flight although certain types are irher-
ertly more stable and therefore more tclerant of control input ercesses.
As with any high performance vehicle with increased modeg of corirol, the
use of @ high-glide parachute requires that the jumper achieve and main-
tain a higher degree of expertise than that required for current para-
chutes ir use by paratroopers. The erxercise of good judgment on the part
of the jumper becomes increasingly more important with the high-glide
canopy .

Because of the increased mobility it afferds, the high-glide pazachute
warranrts ccnsideration for certain types of military persorral airjrop
operations. Further development work on current svetems for persornel
would be required to enable them to be used at the higher deplc:..ment
speeds and altitudes of probable interest to the milrrary Extersive
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testing would be required to establish the reliability of any given
system before adoption for military purposes. No reliability data is
available for the systems currently being used by spart enthusiasts.
It appears that a major functional problem to be solved is the devel-
opment of a device or method to limit opening shock loads to allow-
able levels without introducing other problems which affect the
reliability of the opening process and subsequent gliding performanrce.

The use of high-glide parachutes for military operations would
require a device that in periods of darkness or limited visibility
would enable the jumper(s) to know his position and altitude relative
to the intended landing area at all times. A further requirement
would be a knowledge of the wind direction at ground level and a
means of accurately sensing the last few feet above ground so that
the canppy could be oriented into the wind and the landing flare-out
timed precisely. Inability to follow this procedure would in all
prooabi}lity result in injury due to excessive landing velocity, which
is less ‘tolerable to a paratrooper because of his attached combat
equipment. An idealized approach to the problem and ane that would
require little or no expertise of the jumper would be a completely
remote con.rolled system. This system would require no control
inputs by tie jumper. All heading and attitude carrections including
orientation of the canopy into the wind for flare-out and landing
would be made automatically.

°roblem areas other than technical that should be ccnsidered are
the increased logistics demands and the high degree of training
probably necessary to achieve and maintain efficiency on the part of
the user of this wype of parachute. Such training imposes a severe
and sometimes unacceptable burden on the unit commander if the user
expertise required is achieved only at the expeuse of other training
possibly more important from an overall viewpoint to tne satisfactory
conduct of assigned combat missions. A highly trained expert jumper,
poorly treined and qualified in his primary operation: Jduties, is of
questionable value to his unit.

Above all, it must be conclusively shown that high-glide para-
chutes can be used as safely and reliably as presently employed
parachute designs and that they can be employed effectively in the
conduct of military airdrop operations. These are areas of extreme
controversy between the military planners and user:persannel even with
the lower performance parachutes in use today for military special
mission type operations. There is no present ar anticipated military
requirement for development of, or support of, high-glide parachutes
for demonstration, exhibition or competition jumping.
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CONCLUSIONS

i It is concluded that:

1. High glide parachutes have a potential for military airdrop
operatiors in the following areas:

(al Peretrating arnd landing in high winds,

T—

d (b) Reduction of drop zone dispersion,

(c¢) Lessening landing inaccuracies due to difficulties or
errors in determining the computed air release point
for an airirop,

(d) 1In the evernt combat or other conditions warrarnt it,
the ability to choose and to glide to an alternate
landing site some distance removed from the initially
selected site.

(e) Traveling large horizontal distances from medivi: and
high altitudes to improve security by utiiizing .tf-
set capabilities.

2. A major problem that remains to be solved is the development
of a reliable and repeatable shock attenuating device that would limit
opering shock to an acceptable level for personnel. This device would
also work to reduce structural problems such as unequal canopy and line
stretch that adversely affects aerodynamic performance.

G

3 The development of a sensing or guidance system is necessary to
3 enable high-glide parachutes to be used at night or during other periods
] of low visibility. This sensing or guidance system must be capable
ol guiding or providing guidance to the jumper:

(a) On the flight path to the intended landing site.

(b) To avoid unseen obstacles in the course of flight or
while landing.

(c) To orient the canopy into the wind to lessen the
horizontal impact velocity at landing.
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(d) To sense a precise distance above the ground in order to
perform the flare-out maneuver for landing.

4. Unknown meteorological conditions within a few hundred feet of

the ground such as extreme turbulence or gusty winds would be very
hazardous to a jumper when using this type of parachute.
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