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HANDLING TECHNIQUES FOR MAN-POWERED AIRCRAFT

John Potter

INTRODUCTION

The setbacks and frustrations encountered in the design and contruction of man-powered
aircraft are well-known. Many machines have been completed only after the expenditure of
several man-years' effort. Often, groups have reaped little reward in proportion to their labours.
The majority of man-powered aircraft have suffered severe damage early in their flight careers
either from storage accidents, from mismanagement in ground handling, or following loss of
control while in flight. The record underlines the vulnerability of these lightweight,
flimsy aircraft and emphasises the difficulty in conducting safe operations while
simultaneously achieving productive flying.

The Jupiter (Fig. 1) and Mercury (Fig. 2) projects, organised as extra-curricular activities in the
Royal Air Force, have sought to study the handling characteristics of two markedly
different designs.

Experience with these machines has identified hazardous situations during ground and flight
manoeuvres; the flight trials have also indicated how certain environmental factors influence
performance. This paper begins with practical recommendations to ensure safe handling,
continues with a brief report on recent flight tests, and concludes with a discussion of
performance aspects.

GROUND HANDLING

In order to make full use of calm spells, the man-powered aircraft should be ready to fly
with only an hour's notice. In consequence, the present cumbersome machines need to be
stored fully rigged and serviceable. Such prolonged storage exposes the aircraft to a range of
hazards, varying from deterioration by gusts, leaks and grime, to interference by curious co-users
of the hangar. The human problem can be alleviated with screens and by appropriate
security measures; some protection from natural occurrences can be afforded by the
precautions in Table 1. As a natural adjunct, the list includes guidance for avoiding the
commonest accidents, such as collisions during taxying and overturning by gusts. This concern
with ground procedures is no unnecessary preoccupation; handling should be closely supervised
to promote trouble-free flying.

FLIGHT CHARACTERISTICS

Jupiter. The general findings of the 1972 trials have been reported earlier (1). The trials
showed the value of regular flying practice and the importance of delicate control.
In pitch, an incremental adjustment of elevator is advisable, since coarse control deflections
initiate a phugoid motion. Unusual yaw and roll characteristics arise from the
combination of relatively large wingspan and slow cruise speed. Mishandling of the rudder and
ailerons easily induces a spiral divergence or an uncomfortable yaw-roll oscillation.
Fortunately, secondary control effects can be used to advantage, allowing a satisfactory
control margin even in crosswind conditions. Jupiter made many sustained flights, the longest being
1355 yards (1.23 Km),. showing that straight flights lasting several minutes were within the
capacity of a reasonable athlete.



3

However, no systematic study of turning flight was attempted, and to examine the
feasibility of executing prolonged turns, a computer simulation model was
constructed (2).

Simulation Model. The model investigated the power requirements and flight behaviour
of a range of conventional designs. Each design was specified by some hundred parameters
representing aerofoil characteristics and aircraft dimensions. The major part of the program used a
numerical integration method to simulate the flight path of the aircraft. Successive
routines demonstrated natural stability qualities, control response, and manoeuvre capability.

For Jupiter, the computer predictions agreed closely with the observed
behaviour. The dangers of excessive roll angle and yaw rate, and the importance of secondary
control effects were confirmed. The typical effect of a constant aileron deflection, applied in
level cruise flight, is shown in Fig. 3; the immediate response is an adverse yaw, followed by a
sharp reversal in which rapid yaw and roll develop. A constant rudder deflection induces yaw and
roll motions as shown in Fig. 4. Such theoretical results support the practical view that rudder
should be regarded as the primary control for co-ordinated manoeuvres; aileron should be
used cautiously, helping to maintain an established roll angle or yaw rate, especially where
opposed corrections in yaw and roll are required concurrently. These techniques may prove
important in turning flight, where attempts to level the wings using aileron are likely to provoke
secondary yaw and ensuing loss of control.

As wingspan increases, the pattern of adverse yaw followed by spiral reversal with aileron
deflection begins to change. At 120-foot wingspan (36 m) and low dihedral, the model predicts
that the adverse yaw itself generates a rolling tendency which overpowers the primary aileron effect
(Fig. 3). In anticipation of control difficulties or aeroelastic problems, the largest man-powered
aircraft have employed lateral control devices such as spoilers or slot-lip ailerons. The original
Weybridge design incorporated a differential wing control (DWC) whereby the two semi-spans
pivoted about the lateral axis, in opposite directions, with the intention of achieving roll.
According to the computer model, the DWC appeared an admirable means of providing yaw
control; roll should derive from rudder deflection; manoeuvre tests predicted controllable
behaviour, but with unorthodox techniques.

The Weybridge design (Fig. 5) possessed other features inherently different from the Jupiter
design. The wingspan of 120 feet (36 m) contrasted with Jupiter's 80 feet (24 m); the wing was set
low on the fuselage; the propeller was mounted at the tail, providing a clean fuselage; the pilot was
seated in a semi-reclining position, as opposed to the racing cyclist's posture; the undercarriage was
of mainwheel and nose-wheel layout, requiring only small pitch changes throughout take-off and
landing; in flight, the high dihedral angle of 15 degrees was expected to remove any spiral
difficulties; finally, the large extent of wing tip droop arising from static wing flexure should
ease directional control problems during a crosswind take-off. To assess the value of these
features, the aircraft was transported to RAF Cranwell in April 1974, and 'Project Mercury' was
initiated.

Mercury. A detailed examination showed marked discrepancies between the design
data supplied for the simulation tests and the parameters of the real aircraft. However, as fresh
calculations suggested that the aircraft merited further development, it was extensively
renovated in a 1000-hour programme.

The aircraft first flew at Cranwell in July 1974 when the simulation predictions were
vindicated. DWC deflection gave an immediate yaw response, followed at length by a slow
rolling motion. The directional control difficulties, associated with high dihedral man-powered
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aircraft in crosswinds, were minimal during the early part of the take-off run. The posture
was found to be comfortable, permitting good visual judgement of attitude. Modifications are
planned to raise propeller efficiency, aiming for a greater duration of flight in which to
experiment.

FLIGHT PERFORMANCE

Extended flight trials with a particular aircraft show that the flight durations obtainable on
any specific occasion depend heavily on ambient conditions. The marginal nature of man-
powered flight, measured as surplus of power available over power required for cruise, means
that effects which are normally neglected for heavier and faster aircraft, begin to assume
importance; such effects vary from the meteorological to the psychological, and at each flight
careful observations are needed to determine the relative significance of each factor. In the
following discussion, several variables are mentioned, the foremost being wind.

Wind Effects. Wind is normally the bane of man-powered aircraft operations, but a steady light
headwind can assist the take-off and initial climb which were found to be crucial stages in
achieving the long flights of Jupiter (Fig. 6). A simple analysis shows how a headwind vw

reduces the net energy expenditure during the take-off run. The pilot's exertions perform three
forms of work:

a.  In overcoming the aerodynamic drag in the acceleration to take-off
airspeed VTO from initial airspeed Vw

b.  In surmounting ground resistance while accelerating from rest to
take-off groundspeed VTO-Vw

c.  In creating kinetic energy appropriate to groundspeed VTO-Vw

To determine the power and total energy requirements in attaining VTO, a set of integral
equations can be solved for specific conditions.

During the ground run, the pilot can dictate, within limits, the velocity profile and pitch
attitude. The particular selection of these two variables have considerable bearing on the
energy consumption and distribution of work in the aerodynamic and frictional forms mentioned
above. Recent calculations by the author, for an aircraft of the Jupiter configuration, show how
net power and total energy requirements depend on wind strength for a given set of
circumstances (Fig. 7). Direct deductions from these curves can be misleading, although the
graphs are useful in deciding a good acceleration strategy. The pilot is seeking a compromise
between minimum power and minimum total energy to achieve VTO, such that on unstick he has
adequate reserves to continue flight. Quantifying such a requirement demands knowledge of the
individual power and endurance of each pilot. At a more general level, the graphs do show the
basic effect of wind: a 5-knot headwind makes light work of achieving flight; an equivalent
tailwind demands an exhausting effort.

On take-off, a helpful technique involves acceleration beyond the normal VTO at reduced
incidence, to provide kinetic energy for the initial climb. At the desired speed, cruise attitude is
set, causing the aircraft to unstick cleanly and rise to an altitude of a few feet. With practice,
stabilisation heights in excess of twenty feet have been achieved. These rapid climbs were
undoubtedly aided by headwind and a favourable wind shear, although such assistance is
unnecessary: the longest flight in Jupiter was performed in absolutely calm conditions. Indeed, the
1972 trials suggested that the best flights occurred in two quite different weather states. In the first,
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moderate wind existed (5 knots), and the flight itself proved tiring after a relatively undemanding
take-off. In the second state, conditions were unusually settled with zero wind; the effort for
cruise flight was only moderate.

Several hypotheses can be advanced to account for the latter class of flight. It is possible
that an exceptionally low level of atmospheric turbulence prevailed, permitting a laminar
boundary layer over a greater extent of the wing than normal, lowering the power requirement.
Equally, some thermal current from the runway might have helped to sustain flight. Functioning as
pure gliders, without thrust, man-powered aircraft have low sink rates, in the region of 50 ft/min
(15 m,/min); this value would be substantially diminished by even a mild convection current.
Until local micro-meteorological effects are closely observed during man-powered flights, such
explanations will remain speculative.

Humidity and Precipitation. Condensation, or even the lightest precipitation, has a serious effect
on the weight and the aerodynamic finish of the aircraft, making take-off virtually impossible.
High relative humidity in itself produces no discernable effect, although prolonged exposure to
damp conditions will lead to water absorption by unsealed wooden components.

Runway Gradient. The effect of runway slope on cruise power requirement can be readily
deduced. If P is the power to maintain level flight at a particular height above horizontal terrain,
then the power P’  to fly with the same ground clearance over a downslope of small angle �
radians is approximately:

P’  = P { 1 - � .L/D }

(where L/D is the aircraft cruise lift-to-drag ratio).

Fig. 8 shows the value of P’  as a percentage of P for varying slopes and L/D ratios. With
the normal range of runway gradients, little advantage is gained from downslope, and even this
is swamped by the influence of wind; experience confirms that an uphill take-off into a light wind
is far less arduous than a downhill run with an equal tailwind. Apart from the performance
aspect, it is desirable to discourage man-powered flights on steep slopes, in the interests of
safety.

Miscellaneous Factors. Several other factors, such as temperature, air density, or runway texture,
might well have been included in this discussion; these aspects will undoubtedly receive attention
in due course. To conclude this report, mention will be made of the factor which may account for
the major part of the variation in man-powered aircraft performance. This is the human element,
since the pilot combines athletic activity with a control task, both of which are known to exhibit
fluctuations in daily standard.

The obvious means of eliminating unknown variations in power output is by the use of a
calibrated auxiliary power source. Small diesel engines have been attached to man-powered
aircraft in the past, and they also allow greater pilot concentration on the control task by
decreasing his physical effort. Refinement of this earlier technique, supplying all the propulsive
energy from the auxiliary unit, would allow precise measurement of the power requirements of
the man-powered aircraft on any particular occasion. Relating power needs to meteorological
observations would remove much of the uncertainty in current man-powered aircraft
performance.
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CONCLUSIONS

The basic problems in achieving man-powered flight hinder its quantitative investigation;
detailed measurements and careful observations are now required to assess the importance of
design features and external conditions on the performance.of man-powered aircraft.

The operations of man-powered aircraft need close supervision to minimise the risk of
accident during storage, ground handling and flight test. Potentially hazardous situations should
be identified in advance, and remedial action anticipated, in an endeavour to prolong an aircraft's
flying career.
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Table 1. RECOMMENDATIONS FOR GROUND HANDLING

1. Storage
PARK aircraft rigged and serviceable with unobstructed access to
hangar doors.
TETHER fuselage, tail and wing tips to prevent gust damage.
PROTECT skin with polythene covers; screen from view of co-
users of hangar.
MAINTAIN: Service transmission and controls;remove dust
and grime; inspect for damage and deterioration; weigh regularly.

2. Preparation for
Flight REMOVE dust covers carefully.

REMOVE and stow canopy, if detachable.
CHECK aircraft: cockpit and externally.
OPEN hangar doors.
RELEASE mooring ropes, positioning handlers at cockpit, tail
and wing tip.

3. Roll-out
LIFT aircraft on to trolley, if needed for roll-out.
WITHDRAW aircraft from hangar, cautiously, watching for
impending collisions.
PARK into wind when clear of hangar; remove trolley.
PILOT enters cockpit; canopy attached.

CONTROL locks removed.
4. Manoeuvre on

ground GENTLY turn aircraft with main wheel rolling, to avoid
undercarriage collapse.

LOWER upwind wing when aircraft is across wind.
5. Takeoff / Landing

run PERFORM vital actions; nominate wing tip holder.
RELEASE tip during acceleration when lateral control gained.
FOLLOW aircraft, ready to take control of wing tip

when lateral control lost after landing run.
6. General

NEVER leave aircraft unattended when outside hangar. Keep
cockpit occupied throughout session.
DOUBLE the number of handlers when winds are forecast to
rise above 5 knots or to gust.
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Fig. 2 Mercury: The original Weybridge Design after Renovation.
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