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HEADQUARTERS
U S ARMY TRANSPORTATION RESEARCH COMMAND

FORT EUSTIS, VIRGINIA 23604

This report is a summary presentation of the aerodynamic analysis,
stress analysis, structural tests, and initial flight evaluation
of a Flexible Wing Aerial Utility Vehicle that is designated the
XV-8A. The XV-8A was designed and built by Ryan Aeronautical Company
in accordance with the requirements of Contract DA 44-177-AMC-874(T),
which was initiated by the U. S. Army Transportation Research Command
and funded by the Advanced Research Projects Agency.

The conclusions reached in this report are concurred in by this
Command. Based on these conclusions, the aircraft has been modified,
and a follow-on flight test program has been conducted to determine
the performance and handling qualities (reference USATRECOM Technical

Report 64-55).

This Command gratefully acknowledges the assistance provided during
this project by the Airborne Operations Section, Yuma Proving Ground,
Yuma, Arizona.
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ABSTRACT

This report entitled XV-8A FLEXIBLE WING AERIAL UTILITY VEHICLE
is a final report based upon the Contractor's abridged Report No. 64B08
dated August 1964 which contained 96 pages, 29 illustrations and 13 tables.
The contract number was DA 44-177-AMC-874(T), ARPA Order 294-62
Amendment No. 3, Unclassified. This final report and the abridged pre-
liminary report discussed procedures and accomplishments of the design,
fabrication and test program of the XV-8A for the following phases:

1. Investigation of the feasibility of construction of a Flexible Wing
Light Utility Vehicle that was simple to operate and capable of transport-
ing a 1,000-pound payload for a distance of 100 miles at a speed of 50
miles per hour.

2. The design, building and testing of two vehicles.

3. The structural tests at the Contractor's plant and the flight tests at
the U.S. Army Proving Ground, Yuma, Arizona.

4. The conclusion that the vehicles are feasible, and that further tests
are recommended.
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FOREWORD

The design, fabrication, and test program discussed in this report was
conducted under the provisions of Contract DA 44-177-AMC-874(T)
between the U.S. Army Transportation Research Command and the Ryan
Aeronautical Company.

The vehicle described herein is a second generation outgrowth of a flex-
ible wing manned test vehicle previously developed by Ryan Aeronautical
Company. Tests on the original vehicle were made under the provisions
of Contract DA 44-177-TC-721 as reported in TCREC Technical Report
62-25.

Structural tests described herein were conducted at the contractor's
plant at San Diego, California. Taxi tests and flight tests were conducted
at the Yuma Proving Ground, Yuma, Arizona.
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SUMMARY

Preliminary design studies and the final detail design of a Flexible
Wing Light Utility Vehicle were carried out, and two test vehicles were
fabricated. Structural adequacy was determined by stress analysis
and appropriate static and dynamic tests. A limited flight test program
was conducted to determine the handling qualities and performance of
the vehicle. Initial tests revealed a deficiency in longitudinal control
power which was corrected by incorporation of an auxiliary elevator at
the aft end of the fuselage. Roll control power was satisfactory, and
roll control forces were light. A minor modification in the roll control
linkage further lightened these forces.

Positive static longitudinal stability was demonstrated within the range
of center of gravity positions tested. It was determined, however, that
it would be advisable to move the wing forward 12 inches with respect
to the cargo platform in order to improve the landing attitude with
center of gravity forward.

The tricycle landing gear incorporating an oleo nose strut and fiber glass
springs at the main wheels has performed very well. The fiber glass
springs have required no maintenance.

Engine cooling by means of individual exhaust aspirated stacks proved
to be entirely adequate as originally designed and fabricated. The
engine fuel system has operated with complete reliability. Engine
starting by manually turning the propeller has presented no difficulty
at any time, starting generally being accomplished in the first quarter
turn.

Additional flight testing will be required to fully evaluate the potential
capabilities of the XV-BA vehicle.

.t1



CONCLUSIONS

From experience gained during the design, tfbrication and test program
on the XV-8A aircraft, the following conclusions were made:

1. It is feasible to build a vehicle of the type under consideration
that will carry disposable load equal to its empty weight.

2. The performance of the fiber glass main landing gear springs in
conjunction with the nose wheel oleo strut is excellent. In
still air, low-speed ground handling characteristics of the
XV-8A are very good.

3. When taxiing at low speed in crosswinds of 5 knots or more
with the wing at high incidence, high lateral control forces are
required to restrain the wing from canting downwind. These
forces can be minimized by precanting the wing in the upwind
direction before turning to the crosswind direction.

4. The roll control system, incorporating movable tips at the aft
ends of the leading edge spars and a wing roll axis substantially
parallel to the flight path, provides powerful control with low
pilot effort and little or no adverse yaw.

5. The wing should be moved forward 12 inches with respect to
the cargo platforn in order to improve the landing attitude with
forward center of gravity.

6. Within the range of center of gravity positions tested, the
vehicle is statically stable about all axes.

7. With the auxiliary horizontal control surface, longitudinal
control at landing approach speed is adequate. Control forces,
however, are lower than desirable in comparison to roll con-
trol forces.

8. A damping device as installed on the nose wheel is adequate to
prevent shimmy.
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9. Spanwise battens installed along the outboard portion oi the
wing, trailing edge are effective in preventing trailing edge
flutter.

10. Improved longitudinal control results when the wing pitch trim
system is interconnected with the pilot's control column so as
to produce ±I-1/2 degrees of wing incidence chang2 when the
control column is moved through its full travel of *19 degrees.
Incorporation of such a system would require that the most
advantageous position of the wing pivot point be chosen, in
order to avoid excessive control force.

3 milli.



RECOMMENDATIONS

The following recommendations are made based on the experience
gained thus far from the XV-8A test program:

1. The wing should be moved forward 12 inches with respect to
the cargo platform, temporary outboard trailing edge battens
and auxiliary horizontal tail surface should be replaced with
permanent units, and the aluminum alloy aileron hinges should
be replaced by steel parts to improve rigidity and reliability.

2. Tests should be made with progressively decreased freedom
of motion of the wing about the roll axis with the objective of
eliminating this motion entirely if satisfactory roll control
can be obtained by means of the ailerons alone.

3. All tests made thus far have been with the "two-control" sys-
tem, rigged so as to produce no interaction between the roll
and yaw systems. Further tests should be made to evaluate
the several degrees of interaction that may be rigged into the
system, as well as the system in which the yaw control is
independently operated by meanb of the rudder pedals. The
objective of these tests would be to determine the optimum
control system configuration for the intended vehicle mission.

4. Additional flight testing should be done to obtain quantitative
evaluation of flying qualities and performance.

4
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DESCRIPTION

Figure 1 shows the vehicle in flight. Figure 2 shows the arrangement
of the vehicle describad heirein. It consists basically of a cargo plat-
form suspended below a Rogallo-type flexible wing. A pilot's seat and
the necessary flight controls are provided at the forward end of the
platform. An engine, a pusher propeller, and a V-tail are mounted at
the rear of the platform. Provision is made for manually folding the
wing and tail surfaces.

Dimensions and Weights

Keel and leading edge length ............. 26 feet
Leading edge sweep angle .............. 50 degrees
Canopy area (flat) 45 degree sweep;

6 percent scallop ................... 450 square feet
Vehicle overall length ................. 26 feet
Vehicle overall height (wing horizontal) .... 14. 54 feet
Vehicle overall width (wing extended) ...... 33. 4 feet
Vehicle overall width (wing folded) ....... 8 feet
Propeller diameter

(Hartzell two-blade metal) ............ 7 feet
Main landing gear tread ................ 9 feet
Wheel base ....................... 10. 63 feet
Designed gross weight ................ 2300 pounds
Empty weight (actual) ................. 1115 pounds

STRUCTURAL DETAILS

Platform

The basic body structure is a flat deck with a raised platform at the
forward end which supports the pilot's seat, nose wheel, control mech-
anism, instrument panel and nose fairing (Figure 3). The usable cargo
area, 64 inches wide and 80 inches long, is fitted with twelve standard
flush-type cargo tie-down rings. Transverse beams are incorporated
at the forward end of the cargo area, at the main landing gear, and at
the rear where the tail sur'ace loads are carried. Removable doors in
the bottom skin provide access to the fuel tank, piping, control pulleys,
and cables. The fiber glass fairing at the forward end of the cockpit is
removable for access to the back of the pilot's instrument panel. The
pilot's seat, a built-in portion of the vehicle structure, is equipped with

5



a standard seat belt and shoulder harness. Space for a back-pack-type

parachute is provided.

Wing Support

A forward A-frame and an aft tripod constructed of aluminum alloy
tubing attaches the wing to the body structure (Figure 2).

Wing Keel

The wing keel is a tapered, sheet aluminum alloy box type structure
which attaches to the roll control structure with a hinged fitting
installed at the keel 46 percent station.

Wing Leading Edge

The wing leading edges are hollow aluminum alloy spars having a
symmetrical streamlined cross section. The spars are tapered toward
both ends from a maximum section near the spreader bar attachment.
The wing membrane is attached along the trailing edge. The aft 13-1/2
percent of the leading edge is hinged to permit ±5-degree motion in a
chordwise direction. A cable and pulley system is used to control the
position of the hinged portion of the leading edge in flight.

Wing Spreader Bar

The wing spreader bar is a transverse truss work of steel and aluminum
tubing attached to the wing keel and leading edges. It resists the inward
and upwatd forces due to membrane tension and transmits lift loads to
the wing support structure. By re-moving two quick-release pins at the
joint between the leading edges and the spreader bar, two men can fold
the spreader bar and bring the wing leading edges inboard.

Wing Membrane

Fabric for the wing membrane is square-weave Dacron cloth coated on
both sides with olive drab polyester resin (Figure 4). The treated fabric
has a tensile strength of not less than 200 pounds Per inch in the warp di-
rection and not less than 120 pounds per inch in th - fill direction. Number
6 machine screws, spaced 3 inches apart, are usea to attach the wing mem-
brane to the aft edge of the leading edge and the keel. The screws pass
through a metal reinforcing strip, bonded and stitched into the hem.
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A reinforcing cable, sewn in the hem along the trailing edge of the mem-

brane, is adjustable while on the ground for roll trim.

Tail Surfaces

The twin tails mounted at 35 degrees dihedral are shown in Figure 2.
The movable surfaces incorporate aluminum alloy spars and fabric-
covered ribs. The fixed surfaces are similarly constructed, except that
metal skins are used to obtain maximum torsional stiffness. Hinged
attachment fittings permit folding the tail portions up and inboard for
transportation and storage. As a result of preliminary tests, an auxil-
iary horizontal control surface hinged to the aft end of the control plat-
form was incorporated in the final design.

Landing Gear

The tricycle-type landing gear (Figure 2 and Figure 5) uses main and
nose-wheel tires and wheels of the same size and type (7.00 x 6), in the
interest of keeping required spares to the minimum. The tread of the
main landing gear is 9.0 feet; wheelbase is 10.63 feet. Landing loads at
the main wheels are absorbed by cantilever fiber glass springs extending
from both sides of the platform structure. Single-disc-type brakes in
the main wheels are hydraulically actuated by a master cylinder located
in the pilot's cockpit. Landing loads on the nose wheel are absorbed by
an oleo-type shock absorber incorporated in the nose landing gear. The
nose wheel may be steered through an angle of 25 degrees either side of
center by operating foot pedals In the pilot's cockpit.

PROPULSION SYSTEM

Engine
The engine spectfications are as follo,.vs:

Model No ................... IO-360A
Type ..................... 6-cylinder, Horizontally

Opposed, Air Cooled
Continuous Horsepower,

Rated Maximum ............ 195
R. P. M., Maximum Continuous . . 2,800
Fuel Octane Rating ........... 100/130
Fuel Control System ......... Continuous Flow, Injector

7
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Four flexible rubber mounts are used to attach the engine to a steel tube
truss near the aft end of the platform structure. An exhaust aspirated
cooling system is used. Ten quarts of oil are carried in the engine
sump. Oil flow through the air-cooled, engine-mounted oil cooler is
regulated by a built-in thermal device.

Propeller

The BHC-C2YF-1A, 7-foot-diameter, all-metal propeller is installed
as a pusher. The propeller is operated at fixed pitch by locking the
blades at the angle for best all-around performance.

Fuel

A 25-gallon aluminum alloy fuel tank is mounted below the floor of the
cargo platform near the center of gravity. (See Figure 6). A float-type
fuel quantity gage is used. The tank is removable through a door
on the bottom of the platform. Fuel from the tank flows through
an emergency shutoff valve and fuel strainer to an engine-driven
vane-type pump which maintains a constant pressure of 8 p.s.i.
at the inlet to the engine-driven fuel metering pump. The metering
pump supplies fuel to individual-cylinder fuel-injector nozzles at
the pressure required for the particular throttle setting and engine
speed. A hand pump, mounted on the right side of the pilot's seat,
supplies about 2-1/2 p. s. i. pressure to the fuel metering pump for
engine starting.

Control System

For ease of operation by pilots with minimam training, the Aerial
Utility Vehicle has been designed as a "two-control" aircraft.
Longitudinal control is accomplished by means of the tail surfaces
previously described, actuated by fore and aft motion of a control
"3olumn in the pilot's cockpit (Figure 7). Roll control results from
displacing the wing about the roll axis. This action is achieved partly
by direct control force applied to the wing and partly by means of servo

- I tabs built into the aft ends of the wing leading edge, both actuated by
tmeans of a he ae t the top of the pilot's control colur. In order
to counteract the adverse yaw associated with wing roll, the control
mechanism incorporates means to actuate the two ruddervators differ-
entially when roll control is applied. An adjustable stop is provided
to limit the amount of up elevator control so as to avoid flying at wing

8

Q.



angles of attack beyond 34 degrees. A pitch trim wheel is provided
on the left side of the pilot's cockpit. It regulates the incidence of
the wing to effect longitudinal trim for any flight speed and center of
gravity position within the design limits. A pair of foot pedals for
nose wheel steering and main wheel braking completes the cockpit
control installation.

Roll Control

To reduce pilot roll control force requirements, an aerodynamic boost
system is incorporated. The aft tip portion of each wing leading edge
spar is hinged to permit ±5 degrees motion in a chordwise direction.
These tips are differentially actuated by the initial movement of the
control wheel to produce an effect similar to that of ailerons on a con-
ventional wing. The rolling moment due to tip displacement is in a
direction to assist the desired wing roll. When the tips reach the limit
of their displacement, further motion of the control wheel follows the
rolling motion of the wing, or augments it, depending on the amount of
force applied.

Yaw Control

A mechanism under the floor of the pilot's cockpit interconnects the
aileron control system with the ruddervator system to move the tail
surfaces differentially and thus produce a yawing moment. The link
between the aileron system and the ruddervator system can be con-
nected in any one of several sets of holes to permit rigging of varying
amounts of yaw control into the system.

Longitudinal Control

A tubular steel control column is hinged to the floor of the pilot's
cockpit. An arm on the bottom of the column extends below the floor,
where it connects to the control interconnect mechanism described
under "Control System, Yaw Control. " A system of cables, bell
cranks, and push rods moves the tail surfaces up or down in unison
when the control column is moved fore and aft.

Longitudinal Trim

The vehicle may be trimmed longitudinally by turning the trim wheel
on the left-hand side of the pilot's seat. This wheel rotates a cable

9



drum through a set of reduction gears. The revolving cable drum
reels a cable out on one side while taking up the cable on the opposite
side. The cables are attached to the wing keel, one forward of the main
pivot and one aft. Forward rotation at the wheel rim produces a nose-
down moment and vise versa. An irreversible clutch in the wheel hub
locks the wheel against rotation when torque is applied from the direc-
tion of the cable drum, but permits free rotation when torque is applied
at the handwheel.

Roll Trim

A small-diameter steel cable is incorporated in the trailing edge of
each lobe of the wing canopy. Tightening the cable increases the lift
of the wing lobe. The cables are independently adjustable to provide
roll trim.

Yaw Trim

No provision is made for yaw trim.

Nose Stee ring Wheel

Foot pedals in the pilot's cockpit are connected by means of cables to
steering arms extending from each side of the nose wheel oleo piston
tube. Stops at the pedals limit the steering motion to ±25 degrees.

Brakes

Both rear wheel brakes are operated from a single hydraulic master
cylinder connected to an auxiliary pedal mounted on the right steering
pedal (Figure 5 and Figure 7).

10
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Figure 1. In-Flight View - Flexible Wing Aerial Utility Vehicle
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