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DESIGN CRITERIA FOR AN ENERGY-SAVING LIGHTWEIGHT
VEHICLE FOR COMMUTING: First Experiences with a
Prototype for Experimental Use
by Falk Riess and Rainer Pivit
INTRODUCTION

Since 1982, a small research group in
the physics department of Oldenburg
University, West Germany, has been
working on the scientific and technolog-
ical basics of the bicycle, or more pre-
cisely of energy conservation in general
human-powered lightweight vehicles.
The group is part of a research program
on renewable energy sources that deals
with the production and use of solar,
wind and hydrogen power within small
decentralized energy systems. One of the
main subjects of the bicycle research
group is the development of a commuter
vehicle for city use that combines the

advantages of the bicycle (energy
economy, ecological soundness, technical
simplicity, and costs) with those of the
automobile (comfort, weather protection,
load-carrying capacity).

REFLECTIONS ON CITY TRAFFIC
AND ECOLOGY

In West Germany, motorized street
traffic has caused 450,000 deaths and 4
million severe injuries during the last 30
years (1953 to 1983). In the last few years,
40 percent of the fatal accidents occurred
in inner-city traffic, and more than 50
percent of these were pedestrians and
bicyclists. It is an important and valuable
goal to reduce these figures by a consider-
able amount; the appropriate means are
political, e.g., by changing the traffic laws,
and technical, e.g., by reducing speed and
mass, representing the kinetic energy of
the parties concerned.

A. physician from West Berlin ana-
lyzed the relationship between vehicle

speed and the risk of pedestrians being
injured (Fig. 1). The conclusion is simple:
by reducing the speed limit to 30 kph (19
mph) compared with the present limit of
50 kph (31 mph), which is often exceeded,
the number of pedestrian fatalities can be
reduced by nearly 70 percent.

Moreover, there is another important
effect of a stringent speed limit. The total
stopping distance diminishes according
to the function

S = V* (Treaction + Tthreshold) +

V2/ (2* Dbrake)'
where V is the initial velocity, T is the
time, (constant for all velocities) and D is

the deceleration of the vehicle. Stopping
distance is enormously reduced by
shortening the unbraked forward motion
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during the time when brakes are not yet
in operation (Fig. 2, see p. 12).

Further positive effects of a speed
reduction can be expected on the total
fuel consumption of vehicles, emission of

toxic exhaust gas, and on noise emissions.
Under the conditions of a low city

speed limit and other measures for calm-
ing down traffic, the use of automobiles
for short-range transportation will
become obsolete, for it will be too
expensive, too slow, and too annoying.
Based on these presumptions, the neces-

(continued on page 12)
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NEWS FLASH!
Daedalus photographs and
drawings on pages 19-20.
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Figure 1. The relationship between vehicle speed and the risk of pedestrians being injured.
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Editorials
Daedalus Triumphs!

This is being typed just after the
news came of the successful Daedalus
flight from Crete. There is universal
celebration. The world seems young
again. There are no losers. This wasn't a
race. No appeals will be heard against a
transgression of the rules. The team set its
own rules. There will be no complaints of
a well-financed US enterprise imposing
itself on another culture. John Langford's
sensitive approach involved the Greek
government and people from the start.
Scholars were recruited to re-examine
Greek mythology. The recruiting of pilot-
athletes included citizens of Greece. The
final team included one Greek and three
US pilots whose training regimen brought
them to peak in succession. Luck favored
Kanellos Kanellopoulos, Greek Olympic
cyclist, who operated the fragile plane
superbly. The three US pilots for whom
the Mediterranean weather did not shine
at the right time will not grudge him and
Greece the victory: they shared in it. We
all shared in it. Human power as a clean,
healthy, exciting and wonderfully liberat-
ing activity will gain new converts
around the world. Congratulations and
thank you from us all!

A Personal Note

There is no doubt now that people
read the editorials. Among mine in HP
6/3 was what I thought was a mild com-
plaint of too many people asking authors
and IHPVA officers for responses to
technical questions and for copies of
literature without them sending even
stamped envelopes. It must be partly a
coincidence that the flow of such letters
coming to me has totally ceased, because
most formerly came from non-IHPVA
members. An unintended result has been
that people sending material for publi-
cation have included SASEs. No need! All
of us depend on and are very grateful for
information that so many of you send to
us. (Let me recognize and pay tribute to
the most prolific and generous of corres-
pondents: Peter Ernst, Theo Schmidt, and
Phil Thiel.) If you take the trouble to do
so, we can certainly afford the stamps to
return material and to thank you. And all
of us welcome letters for publication.
(Sometimes I am not sure if a letter is
meant for me personally or for publi-

cation-I often publish parts of these if I
think that readers will be interested and if
the writers will not be embarrassed. I
hope that my judgment has not been
faulty.)

I hope that another unintended result
of my suggestion has not been a drying-
up of major articles. We've had some
significant contributions recently. For
some of these we asked individual
authors, but many have arrived unsoli-
cited. That the authors have chosen
Human Power over other possible publica-
tions for their research is a compliment. I
had thought that we were on our way to
greatness. Then the articles stopped
coming. Marti Daily and Mike Eliasohn
stepped in with an expanded HPV
builder's guide as the last issue. We need
material for the next issue within a month
of your receiving this. There is no guar-
antee of publication, but there is a guar-
antee of a response. Please write for an
author's guide if you don't have it already
produced.

When you write, please use, for the
moment, my office address listed on this
page. My old Cambridge address is no
longer valid. I've simultaneously entered
my sixties and a period of uncertainty,
but I will try not to allow either to affect
the quality of HP, except favorably.

-Dave Wilson LI

LETTERS TO THE EDITOR

Would all you bicycle researchers
please develop something sensible for the
senior citizen! Those unable to manage
the standard two wheels are relegated to
a modified tricycle not even as stylish as
are designed for the adolescent.

How about a bike with:
1- Gears
2- Sidecar outrigger with strap-type

hangers for groceries or extra rider
3- A flywheel for traffic or lift on

uneven areas, and
4- Possible moped operation

adaptability.
In short, something (like the moon car)
that would give exercise and could be
operated by a LOL. Thank you.

D. Weinkauf
133 La Mancha Way
Sonoma, CA 95476
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Friction Damping as a Simple and Effective
Cure for Bicycle Shimmy
by John S. Derr
ABSTRACT

A simple friction steering damper which
can be rapidly engaged and finely adjusted
completely eliminates shimmy under even the
most adverse conditions. This 0.1 kg (4 oz.)
device is considerably lighter, safer, and more
effective than dynamic damping, and has been
used to extend the useful life of an old, light-
weight frame.

INTRODUCTION

Recent contributions to Human Power
by LeH6naff (1) and the subsequent
discussion address the theory of
designing for stability, and mention the
consequences of poor design only in pass-
ing. Other articles in popular magazines
(2) have discussed the techniques of
getting down a long hill, and mentioned
the problem some frames have with
violent, high-speed oscillations. I've had
that problem with my 27-year-old
Peugeot racer for the last 8 years. Asking
several pros and frame builders if they
could solve my problem didn't get me
very far: the pros said only that replacing
the fork didn't help, and the frame
builders said only that their frames never
shimmied. The scientific literature on
steering stability and dynamics shows
that the subject is very complex but offers
no solutions for shimmy problems. Being
somewhat attached to what was, in its
youth, a very fine machine, I had to either
solve the problem myself, ride the brakes
to keep speed under 11 m/s (25 mph), or
give up descents. My favorite ride is an 11
km (7 mi) hill gaining 550 m (1800 ft) of
elevation, so the only practical choice was
to find a fix.

THE PROBLEM

Shimmy is a forced resonant tor-
sional oscillation of the front wheel, fork,
and handlebars, and whatever part of you
is holding onto them. At 13 m/s (30 mph)
it's just frightening, but at 22 m/s (50
mph), it's absolutely terrifying, and in all
cases it's potentially lethal if you lose
control. My first encounter with the prob-
lem occurred when making a sudden
sharp turn while descending around a

corner at 13 m/s (30 mph). That kind of
sudden lateral force can easily move you
into the region of instability. Hitting a
rock has the same result. The head set
starts a rotational oscillation that is
simply impossible to stop without slow-
ing down to about 2 m/s (5 mph).
Another encounter happened one fall day
at an elevation of 2800 m (9000 ft) on a
long, straight stretch with a gentle slope
and ferocious wind behind me. I
accelerated much more than I realized
until a gust hit me from the side. The
front end was instantly out of control,
with the sound of rubber scuffing on the
road louder than anything else as the tire
scraped from side to side. When I had
stopped the bicycle-and stopped shak-
ing myself!-I noted the maximum speed
on my cyclometer: 22 m/s (49 mph).

WHAT TO DO WHEN IT HAPPENS
TO YOU

After that, I knew I had to do some-
thing. With each new encounter, I experi-
mented and gradually found some
solutions.

1. Above all, no matter what the
problem, steer the bicycle and stay on the
road and in your lane. This can be an
exceedingly dangerous condition. On any
hill where you can go fast enough to
induce a shimmy, you may have a cliff on
the right and oncoming traffic on the left.
To put it simply, mistakes can be deadly.

2. Lower or decrease the weight in
front. If you have a handlebar pack, put
it on the back. Others would suggest
replacing it with low-mounted panniers.

3. More generally, move the center of
gravity of the bicycle back as far as
possible. For example, slide back on the
seat. You can prove to yourself that this is
correct by taking the most stable
mountain bike and leaning forward until
even it will shimmy. I've done it, with
near-disastrous results.

4. Stiffen the front end. As you slide
back in the seat, push forward on the
handlebars so that you stiffen your arms

and shoulders and bring your elbows in
to your body. This will slow down the
shimmy a little and help you stay in
control.

5. If feasible, slow down as much as
possible by using the rear brake only.
Some cases of minor instability can be
transformed instantly into the maximum
shimmy just by applying the front brake.
Once you have the maximum problem,
however, use both brakes as hard as you
would under normal conditions to stop as
quickly as possible and still stay in
control.

6. Increase the handlebar stem length so
your hands are farther forward. This by
itself increases stability, and also has a
secondary beneficial effect of lowering the
body's center of gravity.

THE IDEAL SOLUTION

Idea no. 4 leads to what a mechanical
engineer might think would be the
ultimate solution. As a geophysicist and
light-plane pilot, I knew that airplane
nose wheels needed shimmy dampers,
and I had often flown with a dynamic
damper functionally equivalent to the
steering damper on my ancient Porsche.
As the builder of an experimental aircraft,
I knew that simple frictional dampers
were also used. Ideally, the dynamic
damper would be the way to go, because
its resistance is proportional to the velo-
city of the oscillation. So, I took an old
steering damper from my car junk box,
some clamps from the bike junk box, and
put together the system in Fig. 1. It looked
horrible, it weighed one kg (2 lb), and it
only almost worked. When I provoked a
shimmy, it responded with one that was
mild by comparison, and much easier to
stop, but it wasn't worth carrying that
much weight around all the time. Besides,
it made the steering much too stiff. The
problem was that I couldn't eliminate all
the free play in the bolts that attached the
damper to the pivot points. This let the
handlebars move undamped just enough
to induce an oscillation. By the way, all
my testing was done on a clear stretch of
road with no traffic.
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I have also back-pedaled prototypes
in five other configurations. Of these, only
the conventional racing configuration was
uncomfortable. A more forward location
of the cranks is necessary for backpedal-
ing comfort and performance.

Steve Nimock's letter provided me
with an interesting, but unrelated article
on positive and negative work. My
research is concerned with backpedaling
positive work and its application to
vehicle design.

Seeing my article in Human Power
6/3 and knowing that members around
the world can share my findings, turns
my many hours of hard work into pure
joy! I'll soon be building a new backpedal-
ing prototype and making more
comparison tests.

OXYGEN COST OF SUBMAXI-
MAL EXERCISE IN RECUM-
BENT AND CONVENTIONAL
CYCLING POSITIONS (6/3)
by Ingrid E. Antonson

The conclusions drawn in this study
seem to be on incomplete data calcula-
tions. According to my calculations of
VO 2/V'e, there is a significant difference of
VO 2 needed to sustain the same output
(i.e., 51.5 W and 154.5 W). This difference
is between 4% to 5% more VO2 to sustain
an equal amount of work on a conven-
tional bicycle compared to recumbent. In
the human body, 4%-5% is not an insig-
nificant amount. Also according to my
calculations, at an even higher output
(313W), this percentage increases to 6.5%.
With these calculations, a conclusion can
be drawn as follows: a 4%-5% increase in
VO2 relates directly with a 4%-5%
increase in energy burned to maintain a
conventional bicycle at the same level as a
recumbent. Which leads to support the
study (8) of a lower VO2, therefore less
energy, used to create the same amount of
work.

I would appreciate your comments
on my calculations and conclusions
drawn. I am new to the HPVA and am
excited about the great things I have
heard.

NOTE: This test table is not really a
fair test, because you could be looking at
the low mark of one person in one section
against the low mark of another person.
There needs to be a list comparing one
person against himself, recumbent and

TABLE I. POWER OUTPUT, WATTS

IRd Im krrn+ I
I IIUt,U I lU I IL kI1Vte1ll1urali

51.5 154.5 51.5 154.5

R .4843 .4809 .4839 .5003

C .4966 .5064 .5190 .5308

N .4508 .4341 .4742 .4553

PERCENT CALCULATIONS COMPARISONS

R -.07461%? 4.040%

C 4.5127% 4.8284%

N 5.1878% 4.9544%
AUTHOR'S NOTE: Percent comparisons are probably close together because these
persons were proficient at both types of bicycles.

conventional, and a graphing of these
comparisons. Then a graph VO 2/V,
comparison of each person and a graph of
all persons combined to get a true overall
picture. What you get in Table I is an
average of comparisons but not even a
true average comparison because of the
high of one person against the low of
another person, but it still shows an
increase of 4%-5% of energy use for the
conventional bicycle.

Ken Schuman
2514 17th S.E.
Auburn, WA 98002
USA

Response by Ingrid Antonson-

The calculations on which conclu-
sions were drawn in my study were
based on a statistical analysis of the
individual subjects' data, specifically, a
three-way (subject-group by workload by
position) ANOVA (analysis of variance).

For each individual, minute-by-
minute values for oxygen consumption
(VO2), minute ventilation (V), and heart
rate (HR) were recorded during exercise.
The mean values for the last three min-
utes of exercise, at each workload, for
each subject, were used in the statistical
analysis. The first three minutes of exer-
cise were excluded in order to allow the
subject to approach a steady-state.

An ANOVA is appropriate for
analyzing the effects on a variable; e.g.,

VO 2 Ve, and HR, of multiple factors; e.g.
subject-group, position, and workload,
acting simultaneously to determine both
if any of the factors significantly affects a
variable and whether the interaction of
factors significantly affects a variable. An
ANOVA indicates more than the magni-
tude of any difference that may have
occurred between subject-groups and
between positions for each individual.
Based on the variance of the observed
data, the sample size, and the expected
variance if no true difference exists in the
general population, the probability that
any observed difference is due to a true
difference existing in the general
population or due to random chance in
subject selection is analyzed. The mean-
ing of statistical significance is derived
from probability. For a more complete
discussion of statistical significance,
please refer to a text on statistics.

The mean values for each group were
reported in the table accompanying the
article rather than individual subjects'
values because the results of the analysis
completed on the data are more revealing
than the raw data. It is not, therefore,
appropriate to dedicate the space that
would be required to publish the raw
data. I have, however, included a copy of
the individual subjects' data for your
perusal. [This copy went to Ken Schuman.-
Ed.]

Ingrid E. Antonson
1340 E. Lewis
Pocatello, ID 83201
USA Li
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DESIGN CRITERIA FOR AN
ENERGY-SAVING LIGHTWEIGHT
VEHICLE FOR COMMUTING

(continued from page 1)

sity for a new kind of commuter vehicle
arises. First of all it has to avoid the
specific disadvantages of the automobile,
and then it has to maintain the charac-
teristics of bicycle technology, such as low
weight, low rolling resistance (high-
pressure tires) and a highly efficient drive
train with wide-range gearing. The design
of such a vehicle must add some attrib-
utes such as comfort, weather protection,
high transport capacity, and security.
Because its most important properties are
low weight and low speed, it doesn't need
much power: human muscles or a very-
low-power motor (less than one hp) will
be sufficient (Fig. 3).

To prove the feasibility of replacing
most of the city automobile traffic by a
low-power commuter vehicle (LPCV),
some 1982 statistical data from West
Germany are given.
27% of the city trips are no longer than 1 km
52% of the city trips are no longer than 3 km
66% of the city trips are no longer than 5 km
80% of the city trips are no longer than 10 km
38.6 percent of all car trips are no longer than 3
km (under 2 miles)

(As the distances covered in North
America generally are longer than in
Europe, the data might differ there.)

The expected positive effects of the
introduction of numerous LPCVs
accompanied by an appropriate speed
limit can be summarized as follows:

· a reduction of the number of pedestrian
fatalities in urban traffic by more than
80 percent;

· a reduction of the total kinetic energy in
accidents by a factor up to 100
(reduction of the masses by 10, and a
reduction of the velocities by 3);

· a reduction of the total energy
consumption for inner-city traffic by 50
percent, if only every second car ride is
replaced;

· a reduction of toxic exhaust gases by up
to 50 percent (estimated); and

· a reduction of average street noise by
more than 6 dB.
So what must the LPCV look like?

MOST DESIRABLE QUALITIES OF
A LOW-POWER COMMUTER
VEHICLE (COMPARED TO A
BICYCLE)
· Reduced risk of falling
· Less serious injuries in accidents
· Stability in all situations, as when

braking in turns, in strong and sudden
side winds, or on slippery surfaces

* Can be ridden without special training
* Brakes with deceleration comparable to

that of an automobile
* Lights comparable to those of motor-

cycles
* Protection from rain, snow, wind, and

cold
* Good visibility without the screen

getting covered with moisture in wet
weather from inside

* Adjustable ventilation
* Comfort by spring suspension compar-

able to that of automobiles

* Drag (CD*A) between 0.1 m2 (twice the
value of the Vector) and 0.3 m2 (value
of a racing bicycle), i.e. between 1.1 ft2

and 3.2 ft2

* Coefficient of rolling resistance
comparable to a good touring bicycle
(.004)

* Weight under 20 kg (44 lbs) including
fairing

* Wide-range gearing for slopes up to
18%

* Adequate theft protection
* Lockable fairing or luggage compart-

ment
* Adjustable to the anatomy of almost all

people
* Cargo: one child and a few shopping

goods, or a lot of shopping goods
* Possibility to fasten an aerodynamically

shaped trailer

* Nearly free of maintenance

MAIN CHARACTERISTICS OF THE
PROTOTYPE

The practical advantages of a three-
wheeler compared to a two-wheeler are
obvious. A three wheeler can be ridden at
any low speed (especially important for
elderly people), and there are no prob-
lems of balancing with heavy loads or in
side winds. Calculations concerning the
position of the center of gravity, the maxi-
mum deceleration, and the risk of over-
turning under favorable conditions lead
to the arrangement of wheels: two wheels
in front, one in the rear, and the position
of the seat: close behind the front axle;
track width: .85 m, wheel-base 1.4 m
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Bicycle", convened by the German Bicycle
Club in Berlin recently. The reporter's
remarks betray his deep dislike of any-
thing new. [Otto quotes some snide and
cynical comments, similar to those we used to
see more frequently here in the US a few years
ago.] ... I've bought another recumbent-
one with a long wheelbase. I find, how-
ever, that I like my short-wheelbase one
better.

Otto Brodtrick
440 Gloucester 1903
Ottawa, CANADA K1R 7T8

El

Reviews. ..
(continued from page 1I)

excellent book, which will fascinate
anyone with an interest in small boats or
the north Pacific.

Theo Schmidt

BIKE TECH

"Titanium Lives!" is the headline of
the December 1987 issue in which Jim
Redcay, in his last major article as editor
(Bruce Feldman took over for the Febru-
ary 1988 issue), waxes enthusiastic about
the metal's properties and characteristics,
and gives good comparative data. An
article by Randy Ice called "Is Ultramara-
thon Cycling Harmful to your Health?" is
especially relevant as we contemplate
coast-to-coast HPV races. His answer, in
this well-documented paper, was that it
wasn't. Another short interesting article
by Redcay also asks a question: "Two
disks, or not two disks?" giving the
results of some tests showing a small
speed advantage to having both wheels
equipped with disks on a regular bicycle
but leading to crosswind instabilities with
some front-wheel geometries. (There's
also a letter from our Doug Milliken
putting in some good words for the
IHl'VA.)

The lead article (by your editor-but
don't blame me for the typo in the sub-
head) in the February 1988 issue is on the
IE-IPSC: "Washington Power Struggles"
zwith Gardner Martin, Freddie Markham
and Gold Rush the cover photo. Danny
Pavish gives equations, graphs and test
methods on human-power output in
"Unsaddling Horsepower", and John
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Olsen discusses "MountainBike
Geometry." Bill Elam gives "A Paper
Computer-The Cadence/Gear/Speed
Nomograph."

Dave Wilson

ICARUS, THE BOAT THAT FLIES
by James Grogono

(Adlard Coles, Ltd., London, UK, 1987;
120 pages, hardback, L 12.95, ISBN 0-229-
11803-8.)

This is a personal account of
hydrofoil sailboat racing describing the
author's "Icarus" projects: converted
Tornado catamarans with surface-
piercing hydrofoils, and other similar
craft. There is also a section on human-
powered hydrofoils describing the
author's experiments with a hydrofoil
sculling boat.

This book is very readable with nice
photos and drawings. It has little
technical data but interesting accounts of
the early speed sailing at Weymouth, UK.

Theo Schmidt

THE TECHNOLOGY OF WINNING:

THE SKI JUMP, FLYING WITHOUT

WINGS

(By Chester R. Kyle in a supplement to, I
believe Scientific American)

Chet applies his HPV aerodynamics
to those of ski-jumpers in this interesting
short article. I look at ski-jumpers the way
many motorists seem to look at bicyclists
when we're having a great time battling a
blizzard-they can't understand why we
should do it and we can't understand
why they don't realize what a thrill they
are missing. The following statement,
having only some relationship to aerody-
namics, grabbed my attention: "A bad
landing can send a skier tumbling down
the slope in a frightening tangle. How
could anyone have the nerve or skill to
try such a potentially dangerous sport?...
The commonly held impression that ski
jumping is dangerous is misleading,
according to Tom Daggett, technical
director of the US Ski-Jump team. Daggett
points out that a University of Missouri
study found ski jumping at the elite level
to be safer than cross-country skiing, and
eight times safer than downhill skiing."
(Maybe the definition of "elite level" is
"able to land safely"?).

Dave Wilson

A WALK WITH THE MAASAI
by Allan and Colony Abbott

(The Walking Magazine, August/Septem-
ber, 1987)

This is a short article illustrated with
superb color photos about the three-
month sojourn of our first president, phy-
sician Allan Abbott, and Colony Abbott, a
registered nurse. "The Maasai live on a
high-fat, high-cholesterol diet consisting
almost exclusively of milk and meat. Yet
they have the lowest documented
incidence of heart disease in the world...
. We wanted to learn their secret.... We
began to suspect that the Maasai's
resistance to coronary problems is not
entirely biophysical. It can also be
attributed to avoiding stress, eating less,
and exercising more.

"Accustomed to walking as the sole
means of transportation, the tribe is not
infected by psychological, time-oriented
tensions. Their time sense is focused on
the present. They do not have names for
the days of the week or for the months.
Another factor is the amount of food
eaten in relation to physical activity, and
the strictness and narrowness of the diet
itself. When sufficient milk is available,
the average Maasai consumes 3 to 5
quarts daily. Beyond that, food is limited
to an evening meal of meat or meat soup.

"Perhaps the most important factors
in the Maasai's ability to resist heart
attacks, however, are exercise and superb
fitness...."

Dave Wilson O
mll~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DAEDALUS TRIUMPHS!

This issue of Human Power closes
with a tribute to Daedalus. Peter Ernst
contributed the photographs on the facing
page. The back cover is a reproduction of
a stunning three-viewdrawing by Mark
Drela which was first published in May 4,
1986 issue of Tech Talk, a newspaper
published at MIT. Mark is an assistant
professor at MIT and was the senior
engineer responsible for the aerodynamic
design of Daedalus. He was a member of
the Chrysalis and Monarch human-
powered aircraft projects at MIT and
teaches in the Department of Aeronautics
and Astronautics. His research specialty
is computational fluid dynamics.

We thank both of these gentlement
for preserving the Daedalus achievement
in art so we may all participate in the
celebration of this ground-breakir-
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