

















sign cnable a propeller on a human-
powered aircraft to attain efficiencics
approaching 90 pcrcent.

tructural tcchnology is the feature

of human-powercd aircraft that
has changed the most since the vehi-
cles of the first generation. In those
early aircraft intricate trusswork made
chiefly of wood provided form and
sirength. The truss is an efficient struc-
ture: it has high ratios of strength
to weight and of stiffness to weight.
Wood is easily obtainable, easy to
work with and relatively inexpensive.
Moreover, most of the people who
build human-powered aircraft are or
were model-airplane enthusiasts, ex-
perienced in working with wood.

On the other hand, the wood truss
presents several drawbacks. It has so
many individual pieces and joints that
building one is a labor-intensive proj-
ect. Mending a broken one is difficult.
Moreover, if one truss member fails,
the nearby members are put under un-
usual stress and the entire structure is
put in jeopardy. For these reasons the
wood truss was abandoned in the sec-
ond-generation aircraft. Designers re-
lied instead on a primary structure of
aluminum tubing that had a large di-
ameter and thin walls; wires provided
external bracing.

The tubing was sized primarily to
resist compression. External wires
took all major bending and torsional
loads. (At low flight speeds the drag

crcated by the wires is more than off-
set by thc saving in weight.) The ad-
vantage of such a structure is that it
has a high ratio of sirength to weight
and provides excellent rigiditv. The
abscnce of wood trusses also made the
second-generation craft much easier to
repair than their predecessors.

Because third-generation craft are
smaller and strong materials such as
graphite and graphite-epoxy have be-
come available, designers were able
to turn to cantilevered structures that
eliminate external wires. Mvlar film as
a covering skin has also contributed to
structural improvement.

he combination of low speed, low

altitude and limited power makes
piloting a human-powered aircraft a
challenging task but one that is within
the capability of almost anyone. Gen-
eral-purpose craft such as Condor and
Chrysalis have been flown by men and
women ranging in age from the teens
to the 60’s.

The pilot usually begins by shedding
clothes. A jogging outfit and a bicy-
cle helmet constitute the proper at-
tire: extra weight calls for extra power,
and sunlight on the transparent cover-
ing makes the cockpit uncomfortable
when the craft is not moving.

Itis hard to get into the aircraft with-
out damaging it. There are few plac-
es solid enough to bear one’s weight,
and so the pilot normally uses stepping
platforms and is helped in by members
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of the ground crew. After running
through a preflight checklist the pilot
signals to the crew members holding
the wingtips and begins to pedal.

The takeoff is surprisingly smooth.
Most people fiving for the first time are
unaware that the craft is airborne un-
til they hear the cheers of the ground
crew. The cockpit is noisier than one
would expect because of the whirring
of the bicycle chain and the cyclic
whooshing thump as the blades of the
propeller pass the fairing. ‘

In the air the pilot's main task is to
concentrate on maintaining a steady
attitude and airspeed. If the craft has
been correctly trimmed for his weight,
only small adjustments of the rudder
are necessary. To climb the pilot ped-
als harder; to come down he or she
reduces the pedaling rate.

A human-powered aircraft reacts
quite slowly to its controls; conse-
quently inexperienced pilots are like-
ly to overcontrol. Even more con-
fusing is the tendency for the aircraft
to respond differently on different
axes. The pitch response is relative-
ly fast, the roll response agonizingly
slow. Making turns around a specific
course, as is required in the speed com-
petitions, calls for careful coordina-
tion and much practice.

The two primary dangers in flight
are stalls and gusts of wind. The craft
stalls when the airflow separates from
the surface of the wing. The separation
usually occurs because the pilot has let
the craft’s speed fall too low.

The inherently low flight speed
makes gusts a special problem. Be-
cause the relation between wind speed
and the speed of the aircraft is crucial,
a gust of only five miles per hour is
equivalent to one of 30 miles per hour
or more on a small conventional air-
plane. Striking from the front, such a
gust can overload and break the wing;
from the rear it can cause a stall. A
gust can also change both the flight
path and the plane’s attitude. Fortu-
nately the low speed and the low alti-
tude combine to make a human-pow-
ered aircraft fairly safe; crashes that
demolish the airframe usually inflict
only cuts and bruises on the pilot.

To land the pilot aligns the craft
with the runway and reduces hisrate Qf
pedaling. The vehicle glides gently In
and touches down softly.

Human-powered flight has been
pursued mostly for its own sake, great-
ly spurrcd by the incentive of the var-
jous competitions. Nevertheless, the
technologies that have cvolved can be
expected to have practical applications
in at lcast three arcas: human-powered
flight itsclf, ultralight aircraft and a va-
ricty of rcconnaissance und observa-
tional tasks.






