qualitative research program, This vehicle differs from
paraglliders that individuals, Langley Research Center and the
Ryan Alrcraft Company have flown in that it is menned, un-
powered and towed aloft for release like the conventional
glider. '

The primary objective of the FRC flight test program 1is
to demonstrate the approach, flare and landing cg ablility of
& paraglider vehicle wit? a high wing loading (W/S =7 psf)

B 2.r . ‘

To meet this objective, the Paraglider Research,Vehicle,
PARESEV-1, was constructed in s menner to provide the maximum
information in the shortest time. As you can see from the
slide - (Slide of PARESEV-1) the design wes simple and allowed
for quick modifications if necegsary.

Comments: Wing Sweep Angle 45°
Fabric Plan Form 50°
Area = 150 square feet
Febric -- Doped Irish Linen
Battens -- 2/side .
Rigid control linkege
el com o o
Control availlable®¢ 25° + 10 lateral = + 15
Two tow points -- high and low, no noticeable
difference so chose low one
Wing attach point -- 47.5% of keel aft of apex
Communications -- FM radio
Foot pedals for nose wheel steering only

Automobile powered tows up to heights of 200 feet and
alrplane powered tows to altitudes of 2500 feet were made

with PARESEV-1. Satisfactory landings were made from free-

flight with estimated sink rates of p-4 fps at touchdown
attained. The rod control gystem has its inadequacies,
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hovever, due to flexibility in the system there was
considerable response lag and some question as to whether
or not the amount of stick displacement corresponded to
the proper anount of input to the wing. This, plus the
inherent problems of belng towed, resulted in major
damage to the vehicle during checkout of a new pilot. I
might add that the pilot was not injured during this
incident.

The cralt was rcbuillt and consilderably modified to
incorporate a cable and pulley control system and better
shock attenuation in the Janding gear as seen from the
next slide. (Slide of PAHESEV—lAS. '

Comments: Wing Sweep Ancle 45°
Fabric Plan Form 50°
Area = 150 square feect
Fabric -- © ox. unsealed dacron
Battons -~ 5/aide
Cable and Pulley Control system
W/S = h.25
Jontrol avallable ®€ 25° + 10° lateral=+ 7.5°
Pivot Point = 47.5% aft of apex
Communicatlons -- VHIF radio
Foot pedals for nose wheel stecering only

This control system ¢liminated the slow response in that
the response is now governed by the pllot's ability to over-
come the inertia forces.

To date, PARESEV-1A has been flown numerous times by 4
ditferent pllots of varying backgrounds and expericnce, and
the general concensus is that the craft maneuvers and handles
quite well at a W/S of 4.25 und a 1/D maximum of 3.8.

ab u,w/S of 6.3 and an estimated L/D of 2.9. This change
in »/8 and 1/D was accomplished by decreasing the wing
area from 150 square feet to 100 square feet.

At the present tlme, (light testing is being conducted
}

To obtain the end W/3 value of 7.0, the present plans
are that additional welght will be added to the undercarriage.

Flight data have been obtalined on PARESEV-1A and is pre-
vented on the next slide. (sSlide of Longitudinal Performsnce
of PARESEV-1LA).
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Data points were obtained during stebllized glide by
a relatlvely simple method. Altitude callouts were timed
by stopwatch durlng descents of 2000' or more at constant
airspeed. Angle of attack was ottalned by measurement of
wilng Incldence angle relative to fuselage and fuselage
inclination (ettitude). V. with this wing veried from

16 to 33 fps with y's of 14.5 to 21.5° in the IAS range
lnvestigated higher airspeeds were not investigated due
to high stick force.

The next slide (slide of Predicted Longitudinsl Per-
formence of PARESEV-1B) shows the predicted performance
of the PARESEV vehicle with a 100 square foot installed.
Our designation for this vehlcle is PARESEV-1B. Some
preliminary results indicate an I/D of less than % between
glide speeds of 50 and 60 KIAS,

The last slide (slide of Control-System Force Gradients)
shows a non-dimensional stlck force plot against IAS., As
indicated, the forces increase rapldly with deviations from
trim airspeed. The upper dotted line shows how the force
curve can be shifted by moving the pivot point forward of
the cp. This could be done in flight, however, our vehicle
requires ground adjustment prior to flight. The curve
can be shifted downward into the push force region by
moving the pivot point behind the c¢p. Push forces, however,
were not considered desirable due to an apparent reduction
In longitudinal stability. Bolt rope can also be used to
adjust the pivot point-cp reletionship. Increase in
percent of bolt rope used moves wing cp aft.

Stick position versus IAS is not shown, but is approx-
imately linear and normal. v

The wing appears in flight to be exceptionally stable
and not appreclably effected by rapid control inputs or
turbulence. The lower fuselage response, however, 1s
noticeable to the pilot and similar to helicopters, in that
lateral and longitudinal motions involve linear accelerations
rather than angular accelerations. Because of this it would
seem that some stability of the lower fuselage or payload
about the a.c. of the vehicle would be desirable for our
vehicle and could be included in the design, such as a mem-
brane between forward and aft keel cables to improve zero
damping.



fogponse Lo a control input is first noted by the
undercarviaess moving, followed by total vehicle motion.

I'he vehicle poascsses longitudinal stick fixed statlce
stabtllty.  Longlludinal motlons are highly damped in this
condT tlon.

The veliiele doos not possess longitudinal stick force
cloantlity, fonee dynamle wobiongs bave not been investigated.

in the stick fixed case, the lateral and directional
voded are statically stable and the dynamic motions are
Lightily damped.

Uoclllatlons have only been encountored as a result of
extornal sthmli {(turbulcnec or Low rope) and rcsult in
coupled lateral-direcet lower fusclage Teaponses. Higher
aagultude turbulence hasn induced coupled motions about
all tliree axis.

More than 70 landings have been made from stabilized
frec flight conditlonus, About MO were from release altitudos
21 LU0 to 300" and 30 from releases above 1000'., Only one
landing resulted in structural damage and this was due to
Plare belog initiated at approximately the IAS for /D
eaimum with the 100 oot wing. All other landings have
bean aocomplished with leoss than 10 fpg vertical velocity
s touchdown and 75% of theso are cstimoted at less than
O s by the pilot and obhservers. To achieve a satisfactory
Ulare, about 10-12 kts. above the TAS for I/D moxinum mst
boeoobtained prior to flare initintion. IL/D meximum for large
wilig oceurs ot approximately N2KIAS and IAS usoed prior to flarc
lbiation was H0 to 5% KIAS. lFor small wing, TAS for I/D
maxinum is cotlmated at 48 KIAS and successful flarce have
baon accomplished starting rfrom 00 to 65 KIAS. Excess ene oy
1o vooed to ad;ust flare roto ducirng flare or Lo adjust altitude
(socond [epo) alter achioving zoro vertical velocity. Approx-
ponloty B oceconds elapse from flare injtlation to touchdown.
Cndy visund perception ol closing rate with labeled surface

bag been wsed to determine lore initiation point.

ovine the PARESEY 13 not a rcal problem but does require
CLLOT dnani larisation with tow Line dynamics.
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Under the present plans, due to manpower requlrements
for other projects, the PARESEV program will be termlnated
after the flight data are obtained with the PARESEV-1B
configuration. However, if problems arise in specific
areas where the PARESEV could be of benefit, the project
would be revived. I might add that the knowledge gained
from short-term, relatively inexpensive test progrems of
this nature cannot be over-estimated. o
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