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EDITORIAL

This is the fourth issue of Human Power since I
took over the editorship, and my - our - luck is still
holding in providing us with striking developments in
HPVs. In this issue the short report of the entry of
a major sailboat-component manufacturer into the HPB
arena is exciting in itself, and could be the
forerunner of major expansions in the IHPVA's role in
sports and recreation. The Phoenix inflatable
aircraft could also start some more-general activity
in HPAs, as distinct from the very specialized
developments up to now, mainly aimed at
record-breaking.

In this issue there are also less-dramatic signs of
movements that may have great significance. Vehicles
for handicapped people are becoming more highly
developed and more appropriate for their needs,
although there is a very long way to go. Des
Messenger's article in this issue will be followed, if
promises are kept, by several more on different
vehicles and mechanisms in future issues. And the
light-hearted pieces by Terry Hreno and Mike Eliasohn
on the uilder's workshop organized principally by
Blake Davis are harbingers of an issue of HP that
should be eagerly sought after. It will be a source
directory of materials, components, and services for
HPVs. It comes from a suggestion made during the
general meeting at the last IHPVA Indy. Mike Eliasohn
took up the challenge with energy and enthusiasm, and
will earn our appreciation.

One other small development in this issue is a
"letters" column. Send letters for publication (which
we can't, of course, guarantee) directly to me at the
address below. And send in your articles. Even
though we plan special issues emphasizing one or two
topics, we should, and we want to, publish articles on
any topic in the field of Human Power of interest to
our readers, such as John Stout's in this issue.
Thank you and keep them coming!

David Gordon Wilson
15 Kennedy Road
Cambridge, MA 02138

LETTERS TO HUMAN POWER

I. I am physically disabled. My short-term goal is
to set a disabled land-speed record. In June 1984 I
was scheduled to compete in the International Games
for the Disabled in New York, but I was not permitted
to use my recumbent tricycle because of its
"futuristic" design. Unfortunately I am inexperienced
in setting up HPV events. Your knowledge, help, and
involvement would be a great asset to me and my
endeavor. Enclosed is a money order for a one-year
membership in the IHPVA.

Sincerely, Tim Saxton

Timothy L Saxton
1941 Briscoe Terrace
Fremont, CA 94538

(415) 656-8491

II. Here are three good questions on recumbents.
(i) A good suspension would extend the versatility of
recumbents to include riding on hard-packed dirt
roads. Recumbents seem pre-adapted to suspensions
because mass of legs is moving fore-and-aft rather
than up-and-down, and therefore less likely to start
the bike bouncing. I would like to see a
comprehensive discussion, and especially some line
drawings.
(ii) What is the optimal seat geometry? I have built
two Easy Racer types with the only real difference
being about two inches (50 mm) in seat height, but
this caused a remarkable difference in the feel of the
bike. This geometry must be at least as critical as
seat height on an upright.
(iii) Where are some objective data on the
hill-climbing abilities of recumbents? Everyone says
that they are slower, but is this true? Often
home-builts weigh quite a bit more than uprights, and
on hills, weight is critical. Has anyone compared a
recumbent vs. an upright of the same weight, with an
experienced recumbent rider? I have never quite
believed the argument that goes "on a recumbent you
can use only your leg muscles, but on an upright you
can use both your leg muscles and your weight". Seems
to me what goes down has to come up again.

Thanks, and keep up the good work.

Smiley Shields
6950 Bradfordville Rd
Tallahassee, FL 32308

III. CIRCUIT DESIGNER NEEDED FOR HUMAN-POWER
ELECTRICAL GENERATING PROJECT

A recent issue of Human Power described an
electrical generating system designed by one of David
Gordon Wilson's students. This used a heavy flywheel

to maintain pedalling speed over the top dead centers.
Conventional voltage regulators attempt to maintain

constant electrical output regardless of generator
speed, so you must push harder if you slow down - a
poor match to human power. An appropriate voltage
regulator would allow the user to set a minimum
pedalling rpm below which electrical output would be
drawn from a battery or capacitor rather than from the
generator. To the pedaller, this would feel like a
heavy flywheel, but it would weigh only a few ounces
in circuit components.

I have equipped a bicycle with an automotive
alternator, battery, and chain drive. The bicycle is
rideable fully-equipped, and power can be generated
while moving or stationary. Output with a rider in
reasonable condition is 75-100 watts. This outfit
would make a superb power source for a mobile PA
system in a parade, for emergency communications or
lighting, or many other possible uses. Commercializa-
tion of the product is possible, particularly as the
generating system could be bolted onto any
conventional bicycle.

I need someone with electronic cicuit design skills
to work with me on building the "flywheel" voltage
regulator to complete the system. I will make the
generator/bicycle available, and draw up an equitable
agreement about any profitable outcome.

John S Allen
P O Box 441291
W Somerville, MA 02144
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THE FIRST 1HPV BUILDER'S WORKSHOP
DESIGN

Hreno began his presentation Saturday morning by

saying that compared to the other two instructors, he

was the "token dummy... I guess they got me here to

prove even if you're not an expert... it's possible to

build [an HPV]." Hreno has built six IUPVs in three

years, and has three on the drawing board. "I'm going

for the title of the country's most prolific lIPV

builder," he claims.
Hreno's workshops combined the opportunity to

design an HPV and learn basic fiberglass techniques.

He discussed male and female molds and release agents

in building fairings. Using a male mold, i.e.,

constructing a body over the mold, is the quickest,

but it leaves the outside fairing surface rough, so

that it has to be sanded, with filler added for

smoothing bad spots. It is the method usually used

for one-off bodies.
A female mold involves more work. First a

smoothly-finished male plug is made. The female mold

is built over it and then removed. After the female

mold is done, finished bodies are made by laying

fiberglass inside it. The advantage of female molds

is that the finished bodies come out of it with the

outside surface smooth. With either method, the hard

part is getting the body off or out of the mold.

Participants in reno's session built 11-inch-long

models of the Moby bodies out of one layer of

fiberglass, using thin plastic female molds Hreno had

made. Everyone first applied a coat of mold wax to

the inside of the mold. Hreno recommends using mold

wax, or a paste wax high in carnauba content that

doesn't contain cleaning agents.

After that, a coat of polyvinyl alcohol was brushed

on. A more expensive alternative is a silicone spray.

The wax and PVA kept the layer of fiberglass, the last

step, from sticking (too much) to the mold.

As part of Hreno's class, participants had an

opportunity to design their own HPVs with T-squae and

drawing board. The "text" for the course was Hreno's

article, included in this issue of Human Power.

WELDING

Participants in the Saturday-afternoon welding

class had the opportunity to fishmouth a tube, then

braze it to another tube. Sunday, Delaire worked on

the "class project" ice-cycle frame while participants
watched and asked questions. The frame, minus the

drive train, was finished by Delaire by the end of the

day on Sunday.
Delaire discussed the various ways of joining

metals, and types of steel and aluminum.

His preference for joining steel is brazing.

"Since the base metal does not have to be heated to a

molten condition, there is less possibility of

destroying the main characteristics of the base

metal," he wrote in the handout text. Delaire

recommends using a liquid flux in brazing because it

is easier to clean the welds afterwards, though it

does dirty hoses and torches, and requires adding a

liquid-flux tank to the welding-system lines.

He suggested brazing frames on top of a flat steel

table. When the frame is done, to align it, "You just

take bars and bend it where you want." Some in the

class may have grimaced at this, but those who had

built their own frames using similar alignment methods

felt better.
Delaire also talked about welding aluminum. lie

said if he uses 6061-T6, which has a 98-percent

success ratio, two out of every i00 welds will fail

"whether I like it or not." In contrast, 7075

aluminum has only a 75-percent success ratio.

Once an aluminum frame is done, it should be

heat-treated - which is expensive and difficult to

have done correctly - or anodized, which isn't quite

as good, but is cheaper and fairly goofproof. The

anodizing solution won't reach the frame wherever 

is being held by the clamp. Delaire said that when he

has a frame anodized, he usually has the clamp

attached to a dropout, since this usually gets marred

sooner or later anyway. It's also Lmporant to be

sure that no air is trapped inside the frme. If

there is, the frame will float In the anodiz ng tank,

and will not come into total contact with tre

solution.

CCMPOSITES

Bhatnuer began his Saturday-morning presentation
by talking about the three types of composite

materials: fiberglass, carbon graphte, and Kevlar.

Fierqlass (reinforced plastic), he said, is
low-tech. "You can do it in your garage." It is also

cheap, and the cloth is easy to cut. Carbon graphite

is muc stronger than fiberglass, much more expensive,

and has more bending strength, hut little impact
strength. In an accident, it will shatter more
readi~y han fiberglass.

Kevar Is the strongest of the three in an

accid.-nt Unli'e fiberglass, Kevlar cloth requires

special cissors for cutting. It is hard to sand, and
is expenive, but t is lighter than fiberglass. it

was mentioned that DuPont, which manufactures Kevlar,

plans to publish a booklet describing how to build

fairins using the material.
Bharnaqar said epoxy resins are best, but polyester

resins are half the cost, and will cure at room

temperature. Epoxy resins may require use of heat to

cure. Polyester resin should be mixed with the

hardener no more than a pint at time, because the

mix has a life of only 22-30 minutes; after nat, it

can start burning.

In laying of fiberglass, he suggested using layers

of strand mat with cntinuous fiber to combine the

best elements of each. With hand-layup of fiberglass,

"once you do it, next time you're an expert."

Problems can develop during fiberglass layup, he said,

if there is moisture in the work area or on tools.
As for using fiberglass to bond other materials

together, he said it works ter with steel than with

aluminum, but the best bond is fiberglass to

fiberglass. To join two fiberglass panels, for

instance, he recommended using fiberglass over the

joint on both sides.
The Saturday-afternoon class built the male mold

for the shell of the "class project" HPV. The fairing

has vertical sides and a flat bottom. Two horizontal

panels were cut earlier in the shape of the fairing.

The top and bottom sheets were oined with vertical

piece- of wood, then vertical curved pieces cut

earlier were fastened to the top of the flat surface

to form the rounded top. The top and sides were then

covered with styrofoam, over which plaster was

applied.
On Sunday, the plaster was sanded relatively

smooth. Unfortunately, in some places the plaster was

sanded through to the styrofoam. Hd there been time,

the ideal solution would have been to add more

plaster. Since there wasn't, the mold was wrapped in

aluminum foil, and the Saran Wrap, to get a smooth

surface. Over that, two layers of Kevlar were

applied, and over the nose, a layer of fiberglass

over the Kevlar. It was complete by the end of the

session at 5 p.m. Flaws in the Kevlar surface would

be smoothed later with a mixture of polyester resin

and flakes.

THE "CLASS PROJECT"

The HPV "class project" at the workshop was

designed by Davis, Delaire, and some members of the

IIT-HPV group. As mentioned, it is an ice cycle -

built with the intention of aking an attempt on the

DuPont prize for the first single-rtder HPV to exceed

65 iles per hour (29.0576 meters per second).
The supine recumbent will travel on three blases or

runners, with propulsion originallv dslgned to be a

rotary saw-blade or gear. One runner and the drive

blade would run in a straight grove cut irto the ice

b a machine to be built later.
As esigned, the vehicle would have no steering or

windows. If the testing goes well, Davis said, the
record ttempt will be made on a lake in the tin air

of Clorad

Davis sald the builder's wcekshop may be r-peated,

with one s-ss in on the east coast, and one on thne

west coast.

Mike Eliasohn
2708 Lake Snore rive Apt 3?
St Joseph, MI 49033
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DESIGN AND DEVELOPMENT OF A WINTER TRICYCLE

by H Frederick Wilkie II,
reported by David Gordon Wilson

[As noted in the editorial of the last issue of HP,
Fred Wilkie put me firmly into, and on to, recumbents.
After I had organized an international HPV design
competition in 1967-69, he wrote to ask for sketches
and ideas on advanced HPVs, and built and used two
recumbents. That story and its sequel are told in the
Second HPV Scientific Symposium of the IHPVA. Fred
left Berkeley and the study of English Lit. for
Canada, the rigors of the weather and the study of
engineering, part-time, at Algonquin College. The
following piece is my attempt to do justice to his
thesis for his 1983 diploma in technology. Fred
didn't have time to write an article for us, as he was
leaving for Bangladesh to introduce a new design of
tricycle rickshaw. We will have something about that
in the next issue. -Dave]

Summary

This is a condensed account of the development,
over eight years (1974-82), of four tricycles for use
in the snow, ice, and slush conditions of Canadian
winters. It is a text-book case of engineering
design, where each vehicle overcame disadvantages of
its predecessor but introduced unsuspected difficul-
ties. The fourth, an articulated tricycle with double
front steering wheels and single rear driver,
approaches the optimum design within the restrictions
of current materials, one-off construction, and a
limited budget.

Background

Ice, snow, and slush produce the risk to the urban
cyclist of falls and of sliding into the paths of
motor vehicles. Three wheels can produce a
considerable degree of added stability. They can be
configured in a two-track, sidecar arrangement, or in
a three-track conventional tricycle plan. Despite the
added energy requirement of having to compress a third
track in snow, the tricycle arrangement was chosen
because of its symmetry in right-hand and left-hand
turns, and its potential for better traction in
slippery conditions.

I\X
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Tricycle 1 - Rogers Conversion Unit showing
contortions required in cornering.

Tricycle 2 - An improvement over 1,
still needed.

but contortions

Conventional Racing-Tricycle Configuration

Tricycles can be made with the single wheel at the
front or at the rear. The first of the four tricycles
constructed in the sequence reported here was similar
to modern racing tricycles, with a single steered
front wheel and twin rear wheels, only one of which is
driven. (Up to the end of the 1950s, tricycles were
available with derailleurs and drive to both rear
wheels, but the manufacturers went out of business.)
To achieve traction on icy surfaces, the rider must
lean his/her body mass over the single driven wheel
while pedalling. Fred Willkie used this type of
tricycle through two Canadian winters, and developed
lower-back problems that were serious enough to
require extended treatment, and that impelled him
towards improved designs.

Single Rear Driver With Ackerman Steering

Although the incorporation of a differential gear
would produce a balanced driving torque on both rear
wheels, and eliminate the necessity for body lean over
one wheel, there is still the need to steer constantly
up the slope of a crowned slippery road, and the
tendency of the wheel with the least resistance to
loose traction on both. Willkie chose to change to a
single rear-driving configuration, which enabled him
to use conventional bicycle components, and twin
steering wheels with automobile-type Ackerman linkage
for the last three tricycles.

Unfortunately, this configuration, although giving
some improvement, did not solve his lower-back
problems. Tricycles of either of the first two types
do not lean into a turn. Therefore the rider must
perform an exaggerated lean to counteract the tipping
torque. This action requires simultaneous rotation
and lateral flexion of the lumbar and sacral regions
of .he splne. These are combined with vigorous
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pedalling action of the quadriceps muscle of the
thighs, with frequent road shock on the already
stressed spine, and with very low, circulation-
inhibiting temperatures to produce soreness and
structural damage to the muscles, nerves, and
vertebrae of the lumbar and sacral regions. Fred was
plagued with these problems through the five winters
from 1974-79.

Articulated Tricycles

The third and fourth tricycles greatly reduced
lower-back stress by having the rear-wheel subframe
with pedals and seat articulated to the steering
subframe, allowing rotation about a horizontal axis.
Thus the rider could lean into a corner as on a
bicycle. The two front wheels and handlebars remained
horizontal, however. Fred incorporated springs
between the two subframes to control their relative
rotation. Their action was approximately linear, and
it became apparent that a highly nonlinear response
was desireable.

The fourth tricycle incorporated two links, visible
in the overhead photo, with springs consisting of
skateboard-wheel tires in compression, to limit the
degree of rotation between the two subframes. Fred
would like to experiment with an added handbrake to
enable the relative rotation angle to be locked
temporarily when rounding a curve, so that the upper

body can relax. This photo also shows the Ackerman
steering linkage.

Some Details

Experiments showed that it is better to use
thin-tire, large-diameter wheels in snow and slush
than to try to use a large-enough tire section to
"float" on the snow. The resulting drag from
motocross tires was very large.

Fred Willkie is a master frame-builder and
craftsman, and a designer with a meticulous attention
to detail. Some of these details are evident from the
two photographs. The use of a weather-proof oilcloth
chain case keeps salt, dirt, and moisture out of the
driveline components. (He used a Fichtel & Sachs

two-speed hub.) The bottom bracket he fitted with a
grease nipple, a Schrader air valve and a solvent-
admission port so that he could clean out old grease
and relubricate without disassembly. Other bearing
incorporated grease nipples.

He experimented with the front-wheel track width
and arrived at a compromise that gave him sufficient
stability coupled with narrowness that enabled the
trike to be ridden through narrow gaps and carried up
apartment stairs: 17.5 inches (444 mm).

His thesis has discussions on materials, on the

selection of optimum frame geometry, on muscular-
skeletal effects, and construction details. The
photographs and illustrations would be very useful to
a builder, but my copy of the thesis is too blurred to
enable much to be gained from the photos. However, I
would be happy to have it copied at MIT and mailed -
it has 83 pages, so a check for $10 payable to MIT
would cover it. When Fred returns to Canada, probably
by the end of the year, he should be able to supply
better copies. If you use his work, treat it as
copyrighted, and give full acknowledgement.

H Frederick Willkie
c/o Inter Pares
GPO Box 311, DHAKA

BANGLADESH

and later at:
Seven Heart Cycles
204 LaBreton St N
Ottawa K1R 7J1

CANADA

Send money for copies of
Fred's thesis to

David Gordon Wilson
15 Kennedy Road
Cambridge, MA 02138
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EASIER PEDALLING FOR THE HANDICAPPED: ADAPTATIONS OF THE

JOYRIDER PEDAL MECHANISM

by Des Messenger

In an endeavor to arrive at a new approach to the
problem of adapting the human engine most efficiently
to the task of supplying motive power to a human-
powered vehicle, certain basic facts have been
accepted.

1. Nature is both the Supreme and a superb
designer, and none of nature's creatures, except
man pedalling a bicycle, propel themselves by
means of a circular motion of the limbs. The
nearest perhaps is the figure-of-eight motion of
a bird's wing. (ref. 1)

2. The circular motion of the feet when pedalling a
standard bicycle, because of the varying moment
arm, must result in variable stress in the
muscles if a constant torque is to be maintained
on the chainwheel. This situation is further
aggravated by the geometry of the leg motion
which approximates that of a toggle joint with
variable foot thrust for a given muscular effort
as the leg straightens out.

3. The geometry of the circular movement of the
standard bicycle crank is such that useful work
can be produced only during about 100 degrees of
rotation (28% of the total foot movement). By
contrast, a reciprocating motion produces useful
work for 50% of total foot movement.

4. Again referring to nature, most creatures propel
themselves by rhythmical reciprocating actions

Figure 1. PERCENTAGE OF TOTAL

PEDAL STROKE OF 13

INCHES (330 mm)

4o

of the limbs, thus lending credence to the
argument that the muscles would work most
effectively and efficiently when operating at a
fairly uniform stress.

In view of the foregoing, and notwithstanding the
fact that nearly all data on human power ability to
date have been derived from the cycling mode, the
writer decided to investigate the use of reciprocating
motion of the legs to exploit the capabilities of the
human engine.

The two prevailing arguments against this method
have always been the difficulty of transforming
reciprocating motion into uniform rotary motion, and
the penalty paid for sudden load reversal at the end
of the stroke. The matter of transforming
reciprocating motion into uniform rotary motion no
longer presents any real problem with the ready
availability of many excellent types of form-sprag or
over-running clutch bearings.

When considering the problem of load reversal it
might be useful to look at the leg thrust generated by
uniform muscle stress, and to compare this to the
pedal loads necessary to produce a uniform torque on
the chainwheel of a standard bicycle.

To arrive at the ordinates for the graph (Figure
1), two methods are suggested for the approximation of
the leg leverage (thrust-generating) system. The
first treats the upper and lower leg as the links in a
toggle mechanism actuated by an exterior force applied

FIGURE 1

APPROX. LEG THRUST GENERATED
BY UIFORII USCLE STRESS -
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THE PHOENIX INFLATABLE HP AIRCRAFT

Summary by David Gordon Wilson of a paper by F. E. To

[In February 1984, a rather remarkable symposium on
human-powered vehicles was held. It was remarkable
not only for its content, but particularly for its
location and context. The location was Detroit, and
it was part of a congress annually given over
entirely, in the past, to petroleum-fueled vehicles by
the Society of Automotive Engineers (SAE). The person
who deserves full credit for this delightful develop-
ment is Jeff Huston, a member of the engineering
science and mechanics faculty at Iowa State university
and, of course, the SAE. Two of the papers have been
been published in Allan Abbott's Second Scientific
Symposium (IHPVA). Another has already been published
in HP in a shortened version, and another will, I
hope, be given in the next issue, if the author
responds to my request. However, all attempts to
elicit a response from F. E. To, president of the Air
Plane Company, Ltd, in London, UK, have failed. His
paper was so interesting, and in particular the slides
and a movie shown by Ian Parker, pilot and flight
manager (To himself did not come to Detroit) were so
fascinating, that I am summarizing it here. The full
paper can be obtained from SAE Publications Division,
400 Commonwealth Drive, Warrendale, PA 15096, for a
fee (I believe $3.00), quoting Paper no. 840028.
-Dave]

* * * *

Probloms of HPAs

Human-powered aircraft suffer from three very
severe drawbacks preventing their general use for
recreation: their large wingspans require that they
be stored in enormous, expensive hangers; they must be
accompanied by a ground-crew who can take the frail
craft into the hanger whenever the wind rises above a
light breeze; and a minor crash can result in very
expensive repairs. Dan Perkins, an engineer at the
Royal Aircraft Establishment at Cardington, UK,
decided that inflatable-wing aircraft would avoid all
these problems. We built four before his death; the
last and most promising was the Reluctant Phoenix
(Fig. 1). It was transferred to F. E. To, who formed
The Air Plane Company, Ltd, in 1978 to develop the
system further.

Matetlils for Inflatable Wings

Perkins was using polyurethane-coated nylon fabric,
which was expensive. F. E. To switched to polyester
film ecause of its impermeability, its good strength
-to-mass ratio, and its dimensional sabiltiv.

Structure, Shape and Planform

7L IT). B1T. T-T ' T KT

ETtlIOD ' A'

STHET"C1D SKIN AND
r APPKC XIMATE I'ROFiIE

METHOD 'B'

Figure 2 Methods of Construction

High-lift-drag-ratio airfoils cannot be produced
with inflatable wings, of course. There are two

D
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general methods of construction tF.g. 2t , nr i

was chosen for its greater 1orsional -: ' and h
smaller "flats" in the surface t Lm. Nm evrth ee,
during initial testing a serLous flow separat on was
found near the leading edae of he ng, requir.n~ h

-
-

insertion of spacers between the nfrated tres and
the envelope.

The joints between the inflatable "uIs ee made
using nylon-fabric Tee-tap AF:a. is, and conrct
cement that was allowed to dry Npletely. Tne ae-
sive was reactivated with a ot rcn. This procedure
was so successful that te desqgn nd constructon f,
first, a 20-foot- (6.1-m-) span model, and ten a
full-size 100-foot- 30.,-m-) £nan craft was rapidly
carried out. The film for the structural tubes was
23-microns thick and that for the envelope was 6
microns. A rectangular-pianform wing as used because
of the low Reynolds numbers (based on chord) of PA
wings (Fig. 4). Capering 'hp outer wings would
further reduce the Peynolds number and thereby
increase the drag. The chord was 16 feet, 8 inches
(5.1 m) , giving a flying-wing design. The full-size
aircraft nitially weighed 8 lm (38 kg) ut carried
along 200 bm (90 kg) of air inside the structure, and
additional "virtual mass" in the associated external
air. Repairs and stiffeners added another 20 bm (9
Kg). The wing control surfaces are shown in Figure 5.

Winglets were fitted to increase he effective span
and to decrease the effective height above ground,
-hereby increasing what is known as "ground effect", a
region where increased lift can be given at low drag.
%lso some directional control could be produced.

zigging and Human-Powered Flights

The uninflated aircraft could be taken around on
-he roof-rack of a small European car. Inflation by
iacuum-cleaner exhaust took 20 minutes, and deflations
took 30 minutes. The rigging (assembly) method is
Lllustrated in Figure 6. First flight was maie by Ian
Parker on March 28, 1982 in a parking lot at the
.ondon docks. Because of the large mass of the
aircraft and associated air, acceleration took a long
-ime, but several flights of about 20-seconds'
iuration were made that day. Cruising speed is 8 mph
(4 m/s). In a movie shown by Ian Parker at the SAE
symposium, the whole sequence of arriving, unpacking,
inflating, and rigging was shown, followed by launch
and flight. It all seemed delightfully easy. When
the wind came up, during one flight, the large and
surprisingly graceful craft was actually travelling
oackwards over the ground. A crash seemed a
Completely harmless vent.

p -rri•I77T< ,0 oT~Fl ~ll 7 ;

K- 100'~~~~~~~~~~~_ -
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Figure 4 Full-size Phoenix

We will continue trying to learn about further
developments. Let's hope that they have tried filling
the wing with helium.

No valid address is
available for F. E. To

GLUE-FREE ;GAP\
POLYESTER- F ILM
ENVELOPE

UPPER TRAILING-EDGE
SKIN FIXED HERE

RIC CR
FII M SKIN FIXED HERE

Figure 5 Control Surfaces

Figure 3 Use of fabric Tee-tape
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