


DISCLOSURE DOCUMENT PROGRAM:
A SERVICE FOR INVENTORS

This is a note about an alternative to the imme-
diate application for a patent, which can be very
costly. The leaflet of the above name, which can be
obtained from the US Patent and Trademark Offices and
which was sent to me by Des Messenger of Ontario
(Joyrider designer and builder) states, in brief,
the following.

"A paper disclosing an invention and signed by the
inventor(s) may be forwarded to the Patent and Trade-
mark Office by the inventor, by the owner of the
invention, or by the attorney or agent. It will be
retained for two years and then destroyed unless it is
referred to in a separate letter in a related patent
application filed within two years.... The Disclosure
Document is not a patent application.... This program
does not diminish the value of the conventional wit-
nessed and notarized records as evidence of conception
of an invention, but it should provide a more credible
form of evidence than that provided by the popular
practice of mailing a disclosure to oneself or another
person by registered mail.... A fee of $10 must
accompany the Disclosure Document: mail to the Com-
missioner of Patents and Trademarks, Washington, DC
20231."

Des Messenger took the trouble to send also some
details of similar programs in Canada and Britain. In
Canada one files a Caveat, with a fee of $25, to the
Commissioner of Patents, Ottawa. In Britain one can
apply for a Provisional Specification, using Patents
Form 1 (stamped with one pound) accompanied by two
Patents Forms 2 (unstamped); and may leave the com-
plete specification (Form 3, stamped four pounds) at
any later date within twelve months, or with applica-
tion for extension of time on Patents Form 6 (stamped
two pounds) within thirteen months.

Presumably, other countries have similar systems.
They give one time to try to get commercial sponsor-
ship without the huge expense of full patent coverage.

SCIENTIFIC SYMPOSIUM ON BICYCLE RESEARCH

This interesting symposium was held at the uni-
versity of Oldenburg, West Germany, in September 1985,
and was organized by Falk Riess, who is professor of
physics and is head of the Bicycle Research Group.
(He is also undertaking the translation into German
of BICYCLING SCIENCE). The ADFC, the All-Germany
Bicycle Club, has put out an "Extra" issue of its "Pro
Velo, Das Fahrrad-Magazin", containing the proceedings
of the symposium, edited by Dr. Herbert F. Bode, and
obtainable for six marks from:

ProVelo Buch- und Zeitschriften-Verlag
Am Broicher Weg 2
4053 Juchen, West Germany

There are reports by many friends (and members) of
the IHPVA, including Paul Schondorf, Gunther
Fieblinger, Van der Plas, Hans-Erhard Lessing and
Wolfgang Gronen, as well as by Falk Riess. Almost all
of these names would be preceeded by "Prof. Dr." if we
were more punctilious; that, and the fact that senior
officials of the university gave the opening welcome
to the symposium, shows that human power is taken more
seriously in Germany than it is in many US institutes
of higher technology. We will endeavor to give a sum-
mary, atleast, of all the papers presented, in the
next issue of HP.

BROOKFIELD BOATBUILDING INSTITUTE

For those who want to build HPBs of any of several
traditional types, the courses offered by the Brook-
field Craft Center, Box 122, Brookfield, CT 06804,
(203) 775-4526, should be worth looking into. The
brochure includes sea kayaks, ultralight canoes and
skiffs, recreational shells, and cedar and canvas
canoes in different courses during the summer.
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Notes of Interest

COMPARATIVE SPEEDS OF TRADITIONAL HPBs

Phil Thiel has sent a list of the finishers of the
eighth annual "Round-Shaw Row", August 10, 1985, 12.1
nautical miles (14 miles, 22.6 km) to give comparative
data on the speeds of various designs of traditional
boats. Multiply knots by 0.52 to obtain speed in m/s.
There was a "stiff chop and wind off Hankin Point at
the east end of the island", so that the shells and
sculls are of the sea-going type.

1 Blakemore/Watson
2 Jim Raney
3 Dave Drummond
4 Matt Broze
5 Shane Baker
6 John Mann
7 Cam Broze
8 Tony Canavarro/Mike Ree
9 Dennis Malone

10 Kent Miller
11 "Glide"
12 Greg Thompson/John Willis
13 Anne Voegtlen
14 Phil Andress
15 Bob Davis
16 Phil Nishman/Donna Manders
17 Vibran/Adams
18 Lary & Todd Schlemer
19 Jim & Chris Llewlllyn
20 Christensen/Christensen
21 Jane Gascock
22 Ulrick/LeCuyer
23 Tom Williams
24 Browning/Kretz
25 Bold/Hoffman

Double Scull
Single Kayak

Wherry
Single Shell

21' Gig
Double Rowboat
Single Shell

Double Rowboat
Double Kayak

Double Rowboat

Single Kayak
Double Kayak
Single Scull
Double Rowboat

2:10:40
2:15:15
2:15:20
2:16:43
2:16:53
2:18:50
2:18:56
2:19:50
2:20:26
2:29:20
2:30:45
2:33:12
2:35:00
2:35:22
2:35:30
2:36:00
2:37:45
2:38:30
2:38:58
2:40:44
2:45:00
2:48:33
2:49:33
2:53:32
2:56:58

5.63
5.43
5.43
5.37
5.37
5.29
5.29
5.26
5.23
4.92
4.88
4.80
4.74
4.73
4.73
4.71
4.66
4.64
4.62
4.57
4.45
4.36
4.33
4.24
4.15

A recumbent kayak, propeller-driven, is being
developed by Whitman H. Dunham, 530-B Sutton Road,
Friday Harbor, Washington 98250. It will have a
completely-enclosed cockpit with vents, and be operable
in Beaufort-Force-Ten winds. Bill McGown is also
involved, designing a three-seater pedalled kayak. His
address is 1103 E Republican, No. 1, Seattle, WA 98102.

GRANT FOR THE DISSEMINATION OF THE
PAPERS OF FRANK ROWLAND WHITT

Frank Rowland Whitt, a man who loved bicycles and
who became the foremost authority on the past and
present technology of bicycles and human power, died in
1984, soon after the publication of the second edition
of his Bicycling Science (MIT Press). He left his
papers jointly to his co-author David Gordon Wilson and
to Fred DeLong, whom he admired greatly and who is also
a prominent author on bicycling matters.

The papers are voluminous and would be invaluable to
historians and to others working in the topic of human
power. The Cutler Delong West Scientific and
Educational Fund for the Present Private Interest has
given a grant of one-thousand dollars to cover the
recording of about one-third of the papers on
microfiches and for copies to be sent gratis to the
principle world research centers working on human
power. Individual copies of microfiches will be sold
to interested individuals at cost.

Dr Cutler West, a former senior scientist working
with Dr. Edwin Land at Polaroid, is a strong believer
in the contribution that the use of bicycles can bring
to the modern world.

The papers will be first catalogued, and
introductory editorial notes will be added by David
Wilson and Jim Papadopoulos, an MIT doctoral student.
The first material to be recorded on microfiches will
be some priceless historical documents, including two
volumes by C. Bourlet which are a century old and are
quite rare.

Other funds will be approached to support completion
of the work.
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Mike Burrows Reports from Britain

This is the story of how an attempt to break re-
cords on empty runways led to me riding to work in
safety and comfort. It started when a group of us,
all local bicyclists, decided to go to Brighton for
the Aspro Challenge in 1980 to see what it was all
about.

We decided that it was all about fun. None of us
was a dyed-in-the-wool cyclist, and the challenge
seemed irresistible. We had a useful team. I had a
machine shop. Ian Borwell worked in the local bike
shop, and Dave Kilburn was an engineer in a local
mental hospital. We know how useful that can be! In
addition to all the usual facilities it had a spare
boiler room, less boiler, where we could assemble our
device. Although the Vector had won in a most impres-
sive performance we decided to base our design on
"Poppy Flier", but with a ground-effect shell. After
many hours' work it finally took shape and was taken
for testing to our local RAF station. It was a bit of
a disappointment. We had expected 50 mph (22 m/s) and
got about 43 (19 m/s). It did hold the British record
for 14 hours in '81, and we came fifth at Brighton,
but it was not the fastest.

As cyclists we decided that the engine needed
tuning. The engine was Andy Pegg, a local time-
trialist who was getting stale and who took to HPVs
with even more enthusiasm -- and near-madness -- than
the builders. In no time at all he was riding the
bare chassis around the roads of Norfolk just for fun,
and quite remarkably not getting killed.

In fact, it was quite the opposite. Motorists who
would normally cut up a regular cyclist were driving
past on the other side of the road. This convinced me
that a road trainer was the answer to our "tuning"
problems, and set about designing something that was
safe, strong and reasonably compact, but with no real
thought of performance as such. The Vector layout
seemed the obvious choice, offering excellent stabili-
ty, braking and maneuverability. As I was already
working in large-diameter alloy tube this was the
obvious choice rather than the more-usual bird-cage of
steel tube. And so the Speedy was born (Windcheetah
SL to you!) looking much the same as now but with
large wheels (20-inch plus 27-inch) and with a conven-
tional rear triangle and all-welded construction.

It was on the road by Christmas '81 and was used in
the Christmas Day ten-mile (16-km) time trial. Al-
though we did very little training we had a lot of
fun, especially on the ice and snow, and lines of
people soon formed whenever it appeared. Most were
amazed by its ease of handling and cornering power,
all of them with big smiles on their faces.

In February Ian Barwell moved to Holland to live,
and he took the Speedy with him. I set about making
two Mark-2 machines for Andy and myself. They still
had the large wheels but used a cantilever rear end
with the wheel running on a stub axle and the chain on
the left. Also I used glued joints and castings for
the first time. They were on the road in April, just
in time for a local town criterium which had a class
for tricycles. The local tricycle association had
voted to accept any unfaired three-wheeler. We de-
cided to show them how it was done, and we sure did.
I showed them how to come fifth and Andy showed them
how to be lapped. We learned quite a lot. I came in
second in the next and we have won every one since.

Meanwhile, back in the flat lands of northern
Holland Ian was finding that his Speedy was not just
fun but the most useful form of transport that he had.
The lack of hills, abundance of cold winds and icy
roads made it ideal. Also by now Andy and I had done
enough miles that the pain in our knees was downgraded
from excruciating to unbearable, and we could cover
useful distances. Some people asked about producing
the Speedy commercially. I felt that it needed more
testing. When some students from Imperial College
asked if I could produce a machine for a charity ride
around the coastline of Britain (3690 miles, 5940 km)
it seemed an ideal opportunity.

I set about producing the first Mark-3, using the
new 17-inch Moulton rims just becoming available to
HPV builders by Alex Moulton. These allowed more
steering angle for the same track width. The rear
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wheel was then reduced to 24 inches to maintain the
balance and to make the machine even more compact. The
glued casting system seemed to have proved itself and
welding was abandoned except for the handbrake boss.

Two machines were built for the students; one they
fitted with a shell of their own design, with the
rider's head out in the open but the wheels inside.
It gave good aerodynamics but was very wide to allow a
good steering lock, and was named the "whale". The
ride was a success for the college and for the
Speedys, the only serious problem being a glued joint.
I was using a two-part epoxy, but changed in favour of
cyanoacrylates (Loctite) and all is now cured.

I also built two Mark-3 machines for Andy and
myself, and before production started the last design
changes were made on my machine. I used a "live" rear
axle with the wheel on one side of the tube and the
block on the other, putting the chainset on the right
and allowing the use of standard front derailleurs
(making your own is really a dead loss). Thus Mark-3a
was born, and I made a batch of five for sale.

This was the time to turn to the shell. I was
going to follow the lines of the students' shell, but
my man in Holland told me that the law forbade any-
thing over 750-mm wide from using the cyclepaths.
Thus "wheels in wells", the automobile solution, was
mandated. At the time it seemed a dreadful thing to
do to an HPV but in practice it has proved to be very
effective. We had learned in our battles with the
trikes that the ability to move your CG sideways is
very important if you want to corner fast, and so the
fabric top was devised. It also lends itself to be an
easy non-rattling door system. We use a clip-on hood
on the head for racing, but for road use this is
oppressive and dangerous.

I finally made two more batches of ten machines
before getting stale. Twelve were fitted with shells.
Only a minority of people bought them to race: most
want them just for fun. One of the racers recently
took two third places at the Zapple Festival, one at
the expense of yours truly!

I have now built a Mark-4 for myself, with a
Moulton-style rear suspension that is an improvement,
but it is not yet at the Rolls-Royce level. But after
producing 33 Windcheetahs I stopped, partly because it
was not economic, but also because it seems that
turning a hobby into a job is not always good. I do
have a works replica, a lightweight with an all-
moulded shell and weighs 36 lb (16 kg), mainly due to
the chassis being made from magnesium castings and
holes (mostly holes). It is interesting looking back
now five years to the original speed machine, designed
just to race without compromise, which won nothing.
The Speedy was designed to be a trainer with strength
and stability as first priorities, and has so far
notched up about a dozen wins and many places, and has
won something like five-thousand pounds in prizes.
Not bad for a supermarket trolley.

Just as a footnote, the wheel seems to have turned
full-circle, as I am now building a "straight-liner"
for an attempt on the Du Pont prize. After all, I
can't let the $15,000 go without some sort of a
struggle.

Mike Burrows
Green Lane West
Rackheath, Norwich t

Norfolk NR13 6LW
UK

TRAVEL TO EXPO 86

The IHPVA "Specialized Period" at EXPO 86 is
August 24-31. Mike Wilson of the New England chapter
reminds US citizens intending to take a vehicle there
that US Customs could give problems on the return
crossing, unless a "Certificate of Registration" is
completed before leaving the US. You should obtain
Customs form 4455 (020984) and complete it preferably
before arriving at the border, and get it signed by
the customs officer on leaving and again on return.

HUMAN POWER
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The Rochelt Musculaire II

As forecast elsewhere, we hope to have a full
report on the amazing HPA Musculair-2 in the next
issue of HP. Meanwhile, here is a little about it to
whet your appetites. Ernst Schoberl, who performed
most of the aerodynamic analysis and design, including
that of the propeller, sent me a clipping from
AEROKURIER, November 1985, with a graph and plan that
I hope we can reproduce (figure RM-1). The Royal
Aero. Soc. MPAG newsletter tells us that the plane
completed the Kremer 1500-m course in 122 seconds, at
27.5 mph (12.3 m/s) on October 2, 1985, using no
stored energy (a little is allowed under the rules),
and is consistently exceeding 30 mph (13.4 m/s) given
the three turns required. Mark Drela and Debbie

Douglas, of the MIT Daedalus group (see below),
brought back from a "state-of-the-art" meeting at the
R.Ae.Soc. in London, December 11, 1985, the accom-
panying table from a presentation by Admiral Nicholas
Goodhart (table RM-2). Gunter Rochelt also reported
that one week before the record flight, his pilot (and
son) Helger Rochelt was flying Musculair-2 at a county
fair at the extraordinary height of 20m (70 ft) and
encountered "wing flexion" and crashed.

There is another Kremer prize for human-powered
flight being planned, but details are not yet settled.
Meanwhile, some people are designing and building
human-powered helicopters, stimulated by a prize of
$15,000 offered five years ago by the American Heli-
copter Society. I hope to report further on some of
these efforts in the next issue.
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Kremer Speed Prize-Winning Aircraft

Aircraft Monarch Bionic Musculaire Bionic Musculaire
Bat I Bat II

D4te
Time (sec)
Pilot

Span

115/84 18/7/84
175.7 163.3
Frank Parker

Scarablno MacCready

ft 61.5
m 18.7

55.5
19.9

Wing ftL 178.0 149.5
Area mt 16.5 13.9

Empty lbm 72.0
Weight kg 32.7

Wing lb/ftz 230.0
Ldng kg/m

L
104.5

Flying lbm 1.29
Weight kg 6.30

Pilot lbm 158.0
Weight kg 72.0

72.3
32.9

212.0
96.4

1.42
6.90

140.0
64.0

21/08/84
151.4
Holqer
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22.0

172.2
16.0
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28.0
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Brvan
Allen
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16.9
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ROLLING DRAG: THREE IS LESS THAN TWO?
by Chuck McConica

Three wheelers have less rolling drag than two
wheelers. It is possible to reach this conclusion by
first noting that the coefficient of rolling resistance
,Cr, is a function of the square root of the inflation
pressure P in the denominator. The curves A, B, D, and
E in Figure 5.6, Bicycling Science, Whitt and Wilson
(Ref. 1) show this for pressures less than 100 psi.
This can be verified by fitting an equation of the
form,

(1) Cr - -_

P (10

to the curves, where c is a constant, and the values of
the exponent n are 0.51, 0.44, 0.50, and 0.45
respectively. Thus taking n to be 0.5 is reasonable.
The coefficient of rolling resistance is dimensionless;
therefore, by dimensional analysis, there must be a
dimension of the square root of force in the numerator.
That force must be the load L on the wheel. In
equation form, this is

(2 L
Cr- KR ---

where K is a constant with the dimension, one over
length. If the pressure is increased, the coefficient
goes down, and if load is increased, the coefficient
goes up. For equally-loaded wheels on an N-wheeled
vehicle of weight W,

W
(3 L

N

the wheel and the sinkage, S, by the Pythagorean
relation.

2 2 2
R - a + (R-S)(8

(9
2

a 2RS - S

S

2R

Note that for bicycle tires the sinkage S is very
small compared to the tire outside diameter 2R, so the
contact-patch half-length a is approximately

(11
S

where ---- << 
2R

Similarly the half-width, b, of the contact-patch can
be related to the tire's cross-section radius r as

(12 S
b -4[TT - r l

2r

For high-pressure bicycle tires, the sinkage can
also be small compared to the cross-section diameter
2r; so that the the half-width can be approximated as

substituting for the load in equation (2:

(4 
Cr K ---

PN

The rolling drag for each wheel, dr, is equal to the
load L times the coefficient of rolling resistance Cr;

KW U
(5 dr - --- 

N PN

Thus the rolling drag, Dr, of an N-wheeled vehicle
is

(6 Or - N (dr) - KW
PN

That is, the rolling drag Dr is reduced by increasing
the number of wheels.

To develop a more complete model, it is necessary to
drop back and look at the wheel and the contact patch.
Whitt (Ref. 1) experimentally related the coefficient
of rolling resistance Cr to the ratio of contact-patch
length 2a to the tire outside diameter 2R as

Za
(7 Cr - 0.070 ----

2R

It remains to find a relation between the contact-patch
half-length a, and parameters of the problem: load L;
pressure P; tire outside radius R; and tire
cross-section radius r. The half-length a of the
contact patch can be related to the outer radius R of

12

(13
b W ZrS

S
where ---- << 1

2r

This approximation will not be valid for all real-life
situations. If it is assumed that the contact patch is
eliptical, the contact-patch area A is

(14 A - (PI) ab 2 (PI) S 

The bending stiffness of the tire changes the
pressure that the tire applies to the road, but only in
a narrow band around the edge of the contact patch.
Assuming the effects of the bending stiffness of the
tire are negligible, then the pressure in the contact
patch is constant, and equal to the inflation pressure
P of the tire. Summing the vertical forces (load, and
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contact-patch area times pressure, AP) and setting them
equal to zero yields

L - PA

L Z2 (PI) PS R

and this may dominate over the rolling-drag effects.
These results have been derived two independent ways

from two independent sets of experimental data. These
results are tentative. The parametric behavior given
in equation 19 has not been verified experimentally.
Other researchers have found excellent fits to
experimental data using an equation of the form

c2
(22 Cr - c + ----

P

Solving this for sinkage yields

L

(17 ----------------

2 (PI) P ;Rr

Substituting this approximation for sinkage into
approximation for contact-patch half-length yields

the

(18

(PI) P 

Substituting this approximation for a into Whitt's
coefficient of rolling resistance relation gives

Cr 0.840 

PR jiRrz

Thus the rolling drag dr for a single wheel is

(Ref. 3). The constant cl is the coefficient of
rolling resistance at the limit of very high pressures.
The constant c2 is the modification to that limit using
normal inflation pressures.

There are two limits that are of practical interest.
One is low to moderate inflation pressure, where the
effects of the tire's bending stiffness can be
neglected compared to the pressure over the
contact-patch area. The other limit is for very high
pressures, where the effects of bending stiffness
become the dominant load-carrying mechanism. There is
a smooth transition in behavior between these two
limits. Extending the current work to derive the
parametric behavior at the upper limit and in the
transition region would allow direct comparison with
the curve fits of other researchers.

Ref. 1: Bicycling Science, Second Edition, F. R.
Whitt and D. G. Wilson, MIT Press, Cambridge, MA,
1982, p.118, Figure 5.6.

Ref. 2: IBID, pp. 112 & 113, Figure 5.3, Equation
5.2.

Ref. 3: IBID, p. 127.

Chuck McConica
7586 Gaylin Ave
Windsor CO 80550

(20

L
dr 0.040 L ------

PR (Rr

and for an equally-loaded, N-wheeled vehicle, the
rolling drag Dr is

(21

W

Dr 0.040 W 

PRN (Rr

If the vehicle parameters are the same for several
vehicles with different numbers of wheels, then the
rolling drag is given below as a percentage of the Dr
of a unicycle and a bicycle.

Number I %X of I of
of I Unicycle I Bicycle

Wheels I Dr I Dr

I 1

1 1 100 % I 141 X%

2 71% I 100 %

3 1 58 % 1 82 X%

I I4 5% 1 71%

Related thoughts: 1) The tire-construction
parameters (like bending stiffness, hysteresis, and
maybe mass per unit of surface area in the tread) are
hidden in the 0.040 factor. 2) Three- and four-wheeled
vehicles can have alignment (toe) problems between
pairs of wheels that will increase the drag, using up
their 20 to 30% advantage quickly. 3) The frontal area
and aerodynamic drag coefficient will probably be
increased by going from two to three or four wheels,

Steering Geometry Note

If we accept Raymen Pipkin's simplified interpre-
tation of the stability index (Bike Tech, Oct. 1983)
as being a mathematically calculable dimension derived
from trail and head angle, then it is also recognized
that this figure represents a steering moment arm or a
"tiller" length.

The moment generated by the weight of the rider
times the out-of-vertical distance of the CG must be
balanced by the weight on the front wheel times the
steering moment arm.

It will thus be seen that as the height of the CG
is lowered the angle of lean must be increased to
generate a given turning radius, but this is limited
by considerations of balance. The alternative is to
increase the steering moment arm or "tiller" length.

The angle through which the front wheel is turned
to describe a given turning radius increases as the
wheelbase increases and therefore demands a greater
angle of lean (limited as above) or a longer tiller
arm the longer the wheelbase.

Therefore I believe that the three variables that
dictate the steering moment arm, and by inference the
trail necessary for good handling, are:

the position of the cg fore and aft, as this
determines the proportion of total weight on the
front wheel;

the vertical height of the cg as this determines
the angle of lean to generate a given moment, or
conversely the length of the steering moment arm;
and

the wheelbase, because this determines the angle
through which the front wheel must be turned to
describe a given turning radius, and again the
angle of lean necessary to generate the steering
moment, or conversely the length of the moment
arm.

Des Messenger
PO Box 254
Orillia
Ontario, L3V
Canada
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TESTING A VEHICLE DESIGN FOR SAFETY: THE LEITRA TRICYCLE

by Carl Georg Rasmussen

In previous articles published in HPV NEWS (March
'84) and BIKE TECH (Feb. '83), I reported on personal
experiences from the first 50,000 km in a Leitra
fully-faired tricycle.

Since then we have completed a more extensive test
program with about a hundred participants, who used a
Leitra daily for periods of one month to more than one
year. The cyclists were from 17 to 71 years old, women
and men of many different professions. Several of them
had never tried to ride a normal racing bike and were
not used to operating a standard derailleur.

The test programs gave us valuable experience
regarding safety and reliability, very important
factors for a vehicle intended for commuting and
touring. They are important for the general acceptance
by cyclists as well as by other road-users.

Let me here summarize some of the design
considerations behind the safety of the Leitra, and
analyze the road-accident experiences during the last
two years. The test program has so far covered about
150,000 km.

SEE AND BE SEEN

An HPV is usually much lower than a normal bike,
mainly for reasons of stability and aerodynamics.
Racing vehicles in particular are extremely low.

A vehicle for commuting and touring has to operate
in ordinary mixed traffic with cars, buses, trucks,
other bicycles, and pedestrians. A good view in all
directions is, therefore, absolutely necessary under

all weather conditions, by day and by night.
A Leitra-cyclist has the eyes at the same level as

most car drivers. This makes it easier to get eye
contact, and in general it is easier to be seen.

The windshield must be ventilated on the inside to
prevent dew and ice, and a rear-view mirror is much
more necessary on an HPV than on an ordinary bike,
because you can't easily turn your body and head
sufficiently to look back. The mirror on a Leitra HPV
is mounted on top of the canopy as on the famous
"Spitfire" from the Second World War. It is ventilated
so that it always stays clear, and the mirror is
protected by an aerodynamic fairing.

The test program demonstrated that the visibility by
night through the windshield represented a serious
problem. We used polycarbonate, which is an excellent
material in many respects, but it has one serious
drawback: it is too soft. In a short time it becomes
covered with fine scratches. These don't disturb
visibility much in daylight, but when you drive by
night against the headlights of car traffic, the light
rays are scattered by the scratches and you can see
hardly anything.

The lower you sit, the greater is the problem.
Since most of the driving takes place in dark and bad
weather during the winter season, some solution must be
found. The problem can be solved by using a piece of
laminated glass, the same type as used in automobiles,
for the front section of the windshield.

It goes without saying that you need very effective
head and tail lights and plenty of reflecting tape or
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