Ultralight Airplanes

The conjunction of the hang glider and the small engine has

brought into being the “air recreational vehicle.”” A typical

craft carries 200 pounds and cruises at 50 miles per hour

widely sought objective has been

an inexpensive airplane that is not
unduly difficult to fly. From the time of
the Wright brothers, however, the trend
has been almost entirely toward big-
ger and more sophisticated airplanes.
Only within the past few years has the
conjunction of the hang glider and the
small engine (Go-Kart or snowmobile)
brought the long-sought objective into
being as the ultralight airplane. The nu-
merous models available today range in
price from $2,800 to $7,000. For a pilot
who has received the proper instruction

Since the earliest days of aviation a

and is acutely sensitive to the vagaries of-

the wind the craft are not hard to fly.

Until the ultralight aircraft came on
the market most airplanes were de-
signed and built principally to serve a
commercial or military purpose. Even
light aircraft cost so much to buy and
maintain that few people could afford to
have one solely for recreation. The ul-
tralight airplane is the first to have been
successfully developed and marketed as
an “air recreational vehicle” (often ab-
breviated ARV). Last year more than
10,000 such aircraft were sold, surpass-
ing the sales of general-aviation craft
(airplanes employed~ for commercial
purposes other than scheduled passen-
ger service). The ultralights are now
even finding commercial application in
agricultural surveying, crop dusting and
aerial photography. A few have been
adapted for military observation service
because they have the advantage of pre-
senting virtually no radar image.

Several things besides affordability
account for the popularity of the ultra-
lights. One is the sheer pleasure of flying
in this way. The pilot of an ultralight is
not encapsulated in a cockpit but in-
stead is able to be part of the wind. With
the engine off the craft can be soared
like a hang glider. At the end of the day
the airplane can be folded up and stored
at home.

In addition most ultralight airplanes
do not have to be registered with the
Federal Aviation Administration, nor is
the operator required to have a pilot’s
license. Until recently these exemptions
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were granted only for craft that could be
launched by a person on foot, as a hang
glider is. As ultralights evolved, how-
ever, their larger engines and higher un-
loaded weight called for wheeled land-
ing gear. Last fall the FAA set in mo-
tion a proceeding intended to establish
clearer rules on what type of plane will
be exempt. If the recommendations of
manufacturers and other leaders in the
industry are accepted, the primary crite-
ria will be a maximum empty weight of
220 pounds and a maximum wing load-
ing of three pounds per square foot.
With these constraints the exempt craft
would have sufficient structural strength
and would land at a speed of less than 30
miles per hour, a necessary condition
for easy handling.

Most of the models now available
have an empty weight of about 200
pounds. The wingspan is 30 feet or
more, the cruising speed about 50 m.p.h.
and the stalling speed about 25. The
glide ratio (the amount of forward
movement for each foot of descent) av-
erages 9:1 and the rate of climb is 500
feet per minute or more. Most of the
craft can lift more than their empty
weight, meaning that the pilot and the
fuel can have a combined weight of
more than 200 pounds.

In retrospect it can be seen that the ul-
tralight airplane has its origins in the
first attempts of people to fly. Otto Li-
lienthal of Germany made more than
2,000 flights during the 1890’s in what
were essentially hang gliders. Lawrence
Hargrave of Australia designed and flew
model airplanes powered variously by
rubber bands and compressed-air and
steam engines. He also invented the box
kite, which served as the basis for all the
externally braced biplanes made later.
In the U.S., Octave Chanute, who in
1894 had written the aeronautical clas-
sic Progress in Flying Machines, designed
a hang glider based on the box kite and
incorporating a Pratt truss, which had
been patented in 1844 as a method of
bracing railroad bridges. The two wings
of Chanute’s glider were connected by
vertical posts braced by crisscrossing

wires in both longitudinal and lateral

.planes, forming a rigid but lightweight

structure that became the choice of the
Wrights and all future designers of bi-
planes. The glider also included an aft
tail assembly for stability and a curved-
section airfoil for improved lift.

Augustus M. Herring, who had been
an assistant to Chanute, was probably
the first to fly a powered ultralight air-
craft. He built a heavier version of the
Chanute biplane hang glider (a glider he
had helped Chanute with and had flown
for him), mounting a two-cylinder, com-
pressed-air motor ahead of the lower
wing to drive two five-foot propellers
mounted in tandem, one ahead of the
wings and one behind them. On October
11, 1898, Herring made his first pow-
ered flight at St. Joseph, Mich., traveling
about 267 feet mrr the air against a head
wind approximating 25 m.p.h. He could
control the glider only by shifting his
weight. A few days later he made anoth-
er flight. Satisfied that he had proved the
feasibility of powered flight, he went on
to design a steam engine and a larger
aircraft, all of which were destroyed by
fire in 1899. Later he organized the Her-
ring-Curtiss Company, the first firm to
manufacture airplanes in the U.S.

When the Wright brothers succeeded
in piloting their “Flyer” on December
17, 1903, they achieved the first pow-
ered flight in which the pilot could con-
trol the craft by moving aerodynamie
surfaces rather than by shifting his
weight. The Flyer was a direct ancestor
of today’s ultralight airplanes. In suc-
ceeding years several other forerunners °
appeared: the Demoiselle of Alberto
Santos-Dumont in 1909, the first truly
professional ultralight of D. W. Hun-
tington after World War I, the White
Monoplane in 1920, the English Electric
Wren in 1923 and the French Pou-du-
Ciel in 1935. None of them achieved
wide commercial success.

LARGE VARIETY of ultralight airplanes
now available is suggested by the 10 versions
on the opposite page. Each weighs about 200
pounds and has a wingspan of about 32 feet.
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The first modern ultralight airplane
was made in Wisconsin in the winter
of 1974-75 by John Moody, an electri-
cal engineer and a hang-glider pilot. He
mounted a 12-horsepower Go-Kart en-
gine on his Icarus I1 biplane hang glider.
His aim was only to be able to climb to
altitudes where he could fly the craft as
a hang glider, soaring and gliding with
the engine turned off until he needed to
climb again. It was not long, however,
before a good many of those who fol-
lowed his lead began to realize that the
addition of an engine to a hang glider
created a new kind of craft: a small air-
plane that could be flown independently
of the natural lift required for a hang
glider alone.

ther hang-glider designs were soon

adapted to power. One adventure
of this type demonstrated that there is
more to making a successful ultralight
airplane than just bolting a small engine
to a hang glider. It involved the Rogallo
wing, a hang glider adapted from a tri-
angular kKite patented by Francis M. Ro-
gallo and his wife in 1951. At first the
engine was bolted to the king post on
Rogallo wings being adapted for power.
The high thrust line (the direction of
propulsion) of that location proved to
be disastrous at times when the force of
gravity was not acting on the pilot. In

this zero-g situation the high thrust line

created a nose-down pitching moment
the pilot could not counteract. (In nor-
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COMPONENT PARTS of a generalized ultralight airplane are
identified. The craft represents the most recent stage of design in
that it incorporates an independent three-axis control system: pitch
(the up and down movement of the nose) is regulated by moving the
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mal flight, when the wing is under a pos-
itive g loading, a shift of the pilot’s
weight is effective as a control, but in
zero g the pilot in effect has no weight.)
With the nose down the sail began to
luff, or flutter, and the glider was forced
into either a dive that could not be
stopped or an inverted loop that was
likely to cause structural failure. Fortu-
nately this dangerous flaw in design
was corrected by a lower thrust line be-
fore the powered Rogallo wing was put
on the market.

The most popular bolt-on engine in-
stallation for the Rogallo wing posi-
tioned a pusher propeller at the aft end
of the keel, which is the center tube of
the wing. The rig consisted of a Go-Kart
engine mounted above the pilot’s head
and a long shaft running parallel to the
keel. The same unit could be bolted to
almost any flexible-wing hang glider. A
glider thus fitted out was launched from
level ground on foot, that is, by a pilot
who held the rig over his head and ran
into the wind. Since the thrust line was
still higher than the center of gravity,
flight in turbulent conditions was not
recommended because the craft tended
to become longitudinally unstable with
the engine running. In calm conditions,
however, the arrangement was work-
able: The rig was employed primarily to
gain altitude for soaring rather than to
cruise under power.

Until 1977 most ultralight airplanes
received their thrust from a Go-Kart en-
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gine turning a propeller bolted directly
to the engine shaft. The arrangement
was simple and mechanically trouble-
free, but the engine ran at such a high
number of revolutions per minute that
the propeller had to be quite small
(about 28 inches in diameter) in order to
keep the propeller tips from exceeding
the speed of sound. As it was, the propel-
ler turned at more than 9,000 r.p.m,,
quite close to sonic speed, with the result
that the propeller noise was extremely
loud and the propulsive efficiency was
only about 50 percent. The performance
of the early powered hang glider was
therefore quite marginal. The cruising
speed was only slightly higher than the
stalling speed, and the rate of climb was
a dangerously low 100 feet per minute.
Furthermore, the engines themselves
were short-lived because they had to run
at such high speeds in order to deliver
enough power. It seemed clear that the
ultralight aircraft would not gain wide
acceptance until the level of perform-
ance was improved.

A1 enterprising experimenter, Charles
Slusarczyk, approached the thrust
problem in a scientific way. Aware that
a propeller is most efficient when its
tips are moving at a rate well below
sonic speed, he devised a reduction-
drive system for powered hang gliders;
it was patented last year. His idea was
to move a large volume of air as slowly
as possible through the disk formed by
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control stick back and forth, roll by moving the stick from side to
side (making one aileron go up and the other down) and yaw hv oner
ating the rudder bar with the feet, An ultralight airplane hi
control system is flown in much the same way as a heavier | ¢



the turning propeller while minimizing
the drag from compressibility that ab-
sorbs a great deal of power near sonic
velocity. The result is a vast improve-
ment in thrust and efficiency and a sub-
stantial reduction in propeller noisc.
Nearly all contemporary ultralight air-
craft incorporate a reduction-drive pro-
pulsion system that gets superior per-
formance out of a small engine. A typ-
ical figure for today’s reduction-drive
transmission is 10 pounds of thrust per
horsepower.

Before long the Go-Kart engine was
largely replaced by the snowmobile en-
gine, which has a larger displacement
and runs at a lower r.p.m. The tuning of
the engine is modified from its snowmo-
bile specifications, thereby enhancing its
thrust, improving its reliability and in-
creasing its expected service lifetime.
Typically the carburetion is reduced or
the compression is lowered; sometimes
both are done.

A change resulting from the 'switch
to snowmobile engines was the wheeled
landing gear. A hang glider with a di-
rect-drive Go-Kart engine had an empty
weight of about 100 pounds and could
be launched on foot. The snowmobile
engine, the associated reduction-drive

compongnts and a strengthening of the

frame brought the empty weight to
something over 160 pounds and made
launching on foot dangerous.

The incorporation of landing gear
made for a complete ultralight airplane.
"Once landing gear was accepted it was
possible for engineers to design an ultra-
light craft around the propulsion system
instead of simply bolting an engine to a
hang glider. The result was a new gener-
ation of designs, most of which moved
the new aviationaway fror s origins in
the powered hang glider auu toward the
“little airplane.”

The ultralight aircraft of today can
be grouped in four categories, which re-
flect the basic construction embodied
in each design: Rogallo, cable-braced,
strut-braced and cantilevered. The order
of the grouping also approximates the
relative level of performance of each
type, particularly with respect to the
top speed.

The Rogallo types include not only

the foot-launched versions with a bolt-
ed-on engine but also the craft known as
a trike. A trike (from tricycle) is a py-
ramidal tubular frame that holds the en-
gine, the pilot’s seat and the landing
gear. The entire unit is bolted onto a Ro-
gallo-wing hang glider. As a result of
this arrangement the owner has in effect
two aircraft: a hang glider and an ultra-
light airplane. In either form the meth-
od of flying is the same: the pilot pushes
and pulls on a control bar for pitch and
shifts his weight to one side or the other
to make the craft bank.

One current ultralight airplane, the
Eagle, incorporates a hybrid Rogallo
wing plus a canard. The main wing is a
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FOUR FORCES that act on an aircraft in flight are lift, weight, thrust and drag. Lift is pro-
vided by the pressure difference of the air around the wings developed by the flow of air over
them. Weight is a reflection of gravity. Thrust is provided by the propeller. Drag results from a
variety of forces that tend to hold the airplane back? Pitch, roll and yaw axes are also shown.

FORCES ON TAKEOFF are indicated for a hang glider (top) of the Rogallo-wing type and
an ultralight airplane (botrom) also incorporating a Rogallo wing. The hang-glider pilot takes
off by lifting the glider over his head and running downhill into a fairly brisk Lkead wind. The
lift and thrust are much weaker on the hang glider than they are on the ultralight airplane.
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FOUR BASIC TYPES of ultralight airplane are the Rogallo (a), rep-
resented by the Jet Wing; the cable-braced (b), represented by the
Quicksilver, which is also the airplane shown on the cover of this
issue; the strut-braced (c), here the Weedhopper, and the cantile-

64

/
A\
A

|

/_\

A

Do

=AY YAS|

—

vered (d), which has a wing on cach side of the fusclage supported
only by its attachment to the fuscelage. The cantilevered craft shown
here is a Mitchell U-2. The level of performance of the planes, partic-
ularly their top speed, is approximately reflected by the grouping.



Rogallo wing that has been modified by
the inscrtion of ribs into the sail and the
addition of drooped *“tip draggers,” or
rudders, at the wing tips. The canard
is an inflexible wing with an elcvator
(a movable flap) that serves to control
pitch. Pitch control is augmented by
the ability of the pilot to shift his body
fore and aft.

Most contemporary ultralight air-
planes are in the cable-braced cat-
cgory. A typical arrangement consists
of a pyramidal tubular frame surround-
ing the pilot and a tricycle landing gear
attached to the frame. A ladder-frame
wing is connected by a pin to the top of
the pyramid and braced by cable to the
bottom of the pyramid and to a king
post above it. Another tube arrange-
ment runs aft of the wing and holds the
tail, which is also braced by cable to the
pyramid, the king post and the wing.

The engine is usually mounted in the
center section of the wing. A reduction-
drive transmission conveys the power to
a pusher propeller. Envelopes of pre-
sewn Dacron slip on over the frame-
work of the wing to create the surface
that provides lift. On the upper surface
of the wing preformed aluminum ribs
are inserted into pockets to create an
airfoil of curved shape, which enhances
lift. The lower surface is flat or slightly
cambered to compensate for the fact
that in flight the air tends to push the
surface upward. On some designs only
the upper side of the wing has a Dacron
“skin.” Such a craft is slower than one
with a double-surface wing.

The strut-braced construction is gain-
ing in popularity as designers move to
improve the aerodynamics of the ultra-
light airplane. The group includes a fair-
ly wide variety of wing structures. In the
simplest designs a basic ladder-frame
wing is covered with a presewn Dacron
envelope and ribs are slipped into the
upper surface. The most advanced de-
signs incorporate a main spar, made of
aluminum tubing with a D-shaped cross
section, that also serves as the leading
edge of the wing. The ribs are made of
either aluminum or a composite consist-
ing of a foam core and a strong shell of

aluminum or fiberglass. Fuselages range

from simple tubular pyramids to partly
enclosed structures made of foam-and-
fiberglass components.

The planes of the fourth group are
made in much the same way but have
separately cantilevered wings, that is, a
wing on each side of the fuselage sup-
ported only by its attachment to the fu-
selage. The cantilever design results in
the most streamlined of the ultralight
craft and also in the closest resemblance
to a conventional light airplane. Anoth-
er of the virtues of a cantilevered ultra-
light is that it takes the least time to as-
semble once it is at its takeoff site.

The controls of ultralight airplanes
have also evolved significantly in recent

REDUCTION DRIVE, patented last year by Charles Slusarczyk, greatly improved the thrust
and efficiency of propeliers on ultralight airplanes. A toothed belt transmits power from a
small pulley on the drive shaft to a larger pulley on the propeller shaft. A typical reduction-
drive transmission-of this type provides 10 pounds of thrust per horsepower. With direct drive
the propeller tips ran at almost the speed of sound, which was inefficient and extremely noisy.

years. When such a craft was made by
simply bolting an engine onto a hang
glider, control often consisted of noth-
ing more than shifts of the pilot’s weight.
A few craft had in addition some rudi-
mentary aerodynamic controls, that is,
surfaces the pilot could move to affect
pitch, yaw and roll. Hang-glider pilots
found these familiar arrangements ade-
quate, but to people trained to fly stan-
dard airplanes they were strange and
confusing. The designers of ultralight
aircraft soon recognized the problem
and began developing suitable aerody-
namic controls. Today it is unusual to
find an ultralight airplane that depends
in any way on the shifting of weight by
the pilot for control.

The first modern ultralight airplane,
the powered Icarus II hang glider,
had a hybrid control system because
that was how the glider was controlled
before Moody thought of adding an
engine. The pilot, who was suspended
prone in a harness, controlled the pitch
and therefore the speed by moving for-
ward or backward. He could also move
the tip draggers to make the craft yaw
and thereby induce a roll. The wings on
the inside of a turn lost speed and there-
fore lift, whereas the outer wings gained
speed and lift, generating a net rolling
moment and a turn. The simultaneous
deflection of both tip draggers increased
the aircraft’s drag and so served as a
means of controlling the glide path.
Another hybrid system was employed

in the Quicksilver, which had appeared
originally as a hang glider in the ear-
ly 1970’s. The pilot was suspended in
a swing and could therefore shift his
weight fore and aft and from side to
side. To increase the turning capabil-
ity of the aircraft lines were connected
from the harness to the rudder, so that a
sideward shift by the pilot deflected the
rudder, causing a yaw.and thus a roll.
The system was workable, but it was still
a weight-shift scheme and licensed pi-
lots did not accept it.

The first major advance in control sys-
tems appeared in the first true ultralight
aircraft (as distinguished from * : pow-
ered hang gliders). The new ...a was
a two-axis control system. The pilot is
held in place by a seat belt and cannot
effectively shift his weight. Instead he
grips a control stick that is connected
to the rudder and its associated eleva-
tor. The wings have no movable surfac-
es. The control stick works partly in the
conventional way: forward movement
pitches the nose down, backward move-
ment pulls it up. Sideward movement
of the stick, however, moves the rudder
in the same direction, generating yaw
and hence roll. (In a conventional stick-
controlled airplane a sideward move-
ment of the stick actuates ailerons on
the wings to achieve roll.)

In the two-axis system a deflection of
the rudder causes the aircraft to ya
skid. The velocity of the outside
increases, generating a rolling m
and its attendant bank. The wing:
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