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GOALS, RULES AND TECHNOLOGICAL INNOVATION
By Paul B. MacCready

(Presented at the 1986 World Congress on the
Medical and Scientific Aspects of Cycling, Col-
orado Springs, Colorado) September 2, 1986.

ABSTRACT

Competitive events have a strong influence
on the development of a sport, even on non-
competitive aspects. Paradoxically, while com-
petitions stimulate technological innovation,
rules tend to inhibit innovation, and yet
competitions must have rules to promote safety
and fairness. Clues about the possible future
course of cycling technology come from exploring
cycling's past and from the development of other
sports that are also based on technology invol-
ving structures and aerodynamics, such as sail-
planing, hang gliding, and sailboating. For
high-speed-cycling competitions, the definition
of a bicycle now presents a major dilemma:
specifically, what aerodynamic improvements are
to be permitted (related to the question of
whether racing success is to be based on human
prowess or technological advantages)? Specify-
ing a minimum drag at a high speed rather than
specifying design details is a possible way out
of the dilemma, but the concept has problems in
measurement and in public acceptance. Industry,
educational and research institutions, and
sports organizations will continually be linked
with inventors and cyclists seeking the best
compromise on the rules that serve to coordinate
and stimulate cycling. The goal of simple,
fair, unchanging rules must be sought even if it
proves unattainable.

INTRODUCTION

The technology of cycling can include not
only the vehicle but also the rider who powers
and guides the vehicle, the rider's training,
the use of the vehicle for recreation or com-
petition, and the underlying research, devel-
opment and manufacturing. We will focus here on
the vehicle, while still considering the users
and suppliers. Our aim is to explore factors
related to stimulating cycling, especially
through technological innovation. (We implicitly
assume cycling's growth is a worthy cause). The
exploration includes considering what cycling
is, how rules determine technology and how they
can either invigorate or stultify innovation,
and how several other sports have handled com-
promises of rules. We then contemplate what all
this means with respect to cycling, and suggest
some recommendations and conclusions.

Motivation is, of course, the primary drive
for technological innovation and arises from
both psychological and economic factors. For
cycling, motivation includes the ego drives of
competitors, the enthusiasms of researchers,
economic goals of manufacturers, recreation
enjoyment for the sporting participant, conve-
nience for commuters, and the innate character-
istic of humans to brag about equipment.
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TABLE I: FINAL DESIGN OPERATING CHARACTERISTICS

speed I tip I hub
(m/s) I lift I lift

2.2

1.0

0.5

0.4

0.95

1.29

0.4

1.36

1.5

I thrust I eff I power
I (N) (/.) I (w)

49.0

65.83

63.62

83

65

34

129.75

100.0

91.19

I rpm I torque
I I (N*m)

250

192

174

4.95

5.0

5.0

TABLE 2:
BLADE DIMENSION

station radius chord 

no. (mi) (cm) I

1
2
3
4

5
6
7
8
9

10

C
2o

}- 1o

a

0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.19
0.20

8.34
8.94
9.10
8.74
8.00
6.98
5.69
4.04
2.93
1.00

TABLE 3: FOIL-SELECTION

angle

(deg)

62.04
52.55
44.71
38.33
33.18
28.98
25.53
22.67
21.42
20.25

THICKNESS
NHR X/T

I 1. 0030oooo
2 .99893
3 .99572
4 .99339
5 *98296
6 .97347
7 .96194
8 .9,1844
9 .93301

10 .91573
11 *8:9668
12 .87532
13 .85355
14 .82967
15 80o438
16 .77779
17 . 7 5000
18 *7211 4
19 .69134
20 .66072
21 .62941
2_ .597b5
23 .56526
24 .53270
25 .50000
26 .46730
27 .43474
20 .40245
29 .37J59
30 .33928
31 .30066
32 .27sUb
33 .25000
34 .22221
35 .1')562
36 .17033
37 .lI6115
38 .124J8
39 .10332
40 08n4d7
41 .06699
42 .051b6
43 .03806
44 .02653
45 .01704
46 .00;961
47 .004q8
48 .00107
49 .00000
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k,

NEVQ
CPS IG N

TABLE 4: -TEST RESULTS

TABLE 4: TEST RESULTS

COEFFICIENTS
YU/T YU/T

.00000 .000 0

.04316 .0000"

.00065 .00016

.C0153 .00027

.00288 .00033

.00471 .90030

.U0697 .0 0 0 1q
C00958 .00002
*.1247 -. 0017
.U156 -. 00036
.0195 -. 00057
·02254 -. 00081
.02635 -. 00110
.03039 -.00148
·03162 -.001q3
.03901 -.00247
.041355 -. 00399
.04818 -.00591
.05285 -.00461
.05753 -.00549
.06215 -.30b47

.066b4 -. 00759

.07093 -.00864

.074S0 -.00983

.07821 -. l01ab

.08100 -.01233

.08310 -.01362

.08445 -.o014 1

.08509 -.Olb18

.08475 -.01740

.00369 -u185b
U00107 -.01962

.07938 -.32056

.LU7631 -.02135

.0727c -.02196

.0b861 -. 02236

.06408 -. 02255

.05918 -.0224"

.05393 -.02200

.04837 -.02145

.04264 -02045

.03670 -. 01901

.03G33 -.01753

.02462 -.01569

.01071 -.01277
·01210 -.01324
.OCG66 -.00750
.00303 -. 0012
.0003 .00000
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WHAT IS CYCLING?

Human power can be used for moving a person
on land or water with or without a vehicle.
Cycling is a special case of a vehicle having
wheels and moving over the ground. It is useful
to consider human-powered locomotion from a
larger framework so that the cycling portion can
be better illuminated and defined.

A person swims in water, but can move
faster with the aid of swim fins, webbed gloves,
and certain wing-like devices operated by the
legs. More complex devices eventually consti-
tute vehicles. Some rare boats are propelled by
legs, but most involve arm-operated paddles or
oars: paddleboards, surfboards, kayaks, racing
shells, and rowboats (and to be complete, even
300-man oared boats from several thousand years
ago).

As for land, there are skis and snowshoes
for snow, and skates for ice, while for ordinary
surfaces there are bare feet, "human-powered
shoes" in great variety, stilts, pogo sticks,
skateboards, scooters, and cycles with 1-,2-,3-,
or 4-wheels (mostly leg-driven, but some, such
as wheelchairs, using arms). One can even add
somersaulting and walling on one's hands and
note the application of human power to mountain
climbing.

Human-powered flight requires a vehicle. The
vehicles at present are all large, light-weight,
propeller-driven devices.

To complete the picture, note that animals
other than man provide power for vehicles, usu-
ally to move man or some load of interest to
man. Sometimes muscle power is augmented, as
with electric motors, or gasoline engines.
Small fossil-fuel engines can generate tens and
even a hundred times as much power as a person
and can permit a vehicle to have better perfor-
mance, and be heavy, rugged, and safe. Battery
power is more limited but still packs much more
wallop than muscles and has the added potential
of regeneration from braking or charging from
on-board photovoltaic cells. Sometimes wind or
wave motion is harnessed to help propel a
vehicle that also uses human power.

Finally, we need to note that gravity,
through non-horizontal terrain, plays a signi-
ficant role in cycling. Climbing uphill takes
extra power at the rate of weight times vertical
ascent speed. Moving slowly on foot, the extra
power is considerable; moving fast on a bicycle,
the ascent speed can be large and the extra
power requirement huge.

Thus there is a whole spectrum of power
sources for apparatus and vehicles that trans-
port people, from relying 100% on human muscles
to 0%. Here we focus on bicycles powered solely
by muscle, while recognizing that some inter-
esting technological innovations may arise from
a bit of augmentation by electricity, fossil
fuel, or wind. If the augmentation dominates,
the we end up with a car or motorcycle, which
may be practical but which eliminates the exer-
cise benefits and challenges of cycling.

Man is inefficient as a runner. With effi-
cient mechanisms (bicycle, ice skates) he can
move about twice as fast as running, to a sped
where air drag starts to dominate. Then, with a
streamline fairing, the speed can be doubled
again. The inefficiency in running is due to
the loss of potential energy with each step as
the center of gravity is raised and lowered
without effective energy storage and recapture,
and poor recapture of the kinetic energy of
moving limbs.

The bicycle is an extremely efficient mech-
anical device for deriving power from the rider.
The constant center-of-gravity position elimi-
nates the potential energy loss each cycle,
while the pedal-chain-wheel-inertia system
avoids the kinetic-energy loss. The bicycle,
with its large diameter low-drag wheels, is also
extremely efficient as a device for moving over
a smooth, hard surface. No shoes, scooter,
skateboard, roller skates, or pogo stick offers
the combined effectiveness of a bicycle in power
extraction and motion efficiency. Vehicles with
other than two wheels have special features:
the unicycle emphasizes fun with great demands
in skill: three and four-wheel cycles emphasize
stability for less agile cyclists and in some
cases a great load-carrying capability which is
used commercially, especially in other coun-
tries.

The bicycle readily reaches a high enough
speed that the standard vehicle is fun to ride,
useful for sport, touring, commuting, and exci-
ting competitions. It is a wonderful device to
lure people into healthy exercise. In races,
however, the speeds are such that aerodynamic
drag becomes a dominant factor. Thus vehicle
design looms large, and the troublesome chal-
lenge for rule-makers is to provide definitions
and limits for vehicles so that winning cyclists
are fairly selected.

Design evolution and the IHPVA:
analogy to natural evolution

Given enough time to for development,
entities evolve, within the constraints of phy-
sical law, to fit a desirable opportunity.
There is a close analogy between the way goals
(rules, motivation) stimulate or inhibit tech-
nical developments and the way the characteris-
tics of a particular ecological niche in nature
(the coal limits, opportunities, and
competition), serve to design the creatures that fill
the niche.

continued on next page '
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Evolution of creatures, devices, or ideas
works on the simple basis that things which
leave descendents are those which work well
enough to survive the competitive pressures and
leave descendants. There is no right or wrong
and no perfection, just the criterion of rela-
tive success. Whether the law of the jungle or
the law of manufacturers' economic competition
is involved, what succeeds In nature,
the ecological niche establishes the rules; any
solution can enter the fray and will be scored
versus competitors. In man's technology, with
development staking place thousands or millions
of times faster than in nature, the economics of
large-scale manufacturing is a strong forcing
function and this market depends on standardized
demand and hence on the existence of rules and
advertising.

Almost a century ago, after several decades
of design innovations, the conventional "safety
bicycle emerged with its two equal-size tan-
gent-tension-spoke wheels, pneumatic tires, and
chain-driven rear wheel. The standard bicycle
of today differs from this ancestor only in
detail; except for the gear shift, the changes
would scarcely be detectable to the casual
observer. One reason the 1986 and 1886 bicycles
are similar is that the 1886 version was so
good, being efficient, safe, easy to ride, easy
to store, and simple and inexpensive to build.
But another reason is that bicycle competi-
tions,which tend to set technological standards
even if only a small percentage of cyclists
competed, dictated that the vehicle be
standardized (Therefore not be improved) so no rider
would have an unfair advantage. Like a species
of animal, the multitude of these satisfactory
bicycles fitted well their broadly based and
economically driven "ecological niche" and the
design evolved only very slowly and in minor
ways as the decades went by.

One modern view of natural evolution has a
new species sometimes evolving out of a stable,
established species via a major, rapid, adaptive
change labeled "punctuated equilibrium". In a
suggested scenario a small group of animals
somehow has to operate in isolation from the
main group, in a circumstance where different
ecological pressures are found to be especially
favorable to certain inheritable genetic aber-
rations or traits. The genes (the carriers of
the creature's design to the next generation) of
the odd superior individual in the large popu-
lation get submerged in a massive gene pool and
have little effect. But in a new, small, iso-
lated ecological niche, the superior individ-
ual's superiority can be relatively more impor-
tant for survival, the individual's genes will
be less diluted in the small population, and in
relatively few generations a new species can
evolve. Eventually the new species may even
spill over into the large original ecological
niche, prove competitively superior there, and
completely supplant the original species.

In 1975, the IHPVA was formed to stimulate
the development of fast human-powered vehicles
without the inhibiting effects of rules. The
sole criterion of success was "going fast",with
no concern about the mechanism or configuration.
The resulting evolution of new designs was
rapid, as a small number of inventors (initially
in Southern California) found what worked in
this new isolated "ecological niche". Fantastic
speds are now being achieved (65 mph, 105 kmh);
equilibrium was "punctuated".

After a few years of strictly speed compet-
itions, IHPVA added competitions for "practical"
vehicles. The definition of "practical" is
still in a state of flux,as are the criteria for
judging the vehicles, but the overall aim is
clear: a human-powered vehicle that offers
safety, speed,versatility, comfort, and economy,
and that would be attractive both to commuters
and long-distance riders. A new"species" only
can evolve from this competition if a design
emerges that is so satisfactory it becomes
widely manufactured; no such design has yet been
demonstrated.

For half a century there have occasionally
been isolated pioneers showing that streamlined
fairings permit high speeds or that unusual
configurations show promise for meeting a spe-
cific customer's desires, but such aberrations
had negligible impact on conventional bicycles.
Serious developments of mainstream touring,
sporting, and racing bicycles were economically
driven and tended to be ones that could be com-
fortably assimilated into the mainstream, such as
the ten-speed derailleur and improved brakes.
The major trends that kept cycling healthy over
the last few decades have been popularization of
variations on the theme of the conventional
two-wheel bicycles with standard seating posi-
tion. The economy and versatility of the ten-
speed gearshift brought many customers into the
field; BMX bikes for competition and rough use
around town have created a substantial new mar-
ket; and mountain bikes are a recent success
story.

IHPVA has popularized an enthusiasm for
generating significant change and, with its
competitions, media interactions, newsletters
and technical symposia, has stimulated inven-
tors,cyclists, manufacturers, and universities
to explore technologies for the future. The
international publicity accorded early IHPVA
records no doubt helped stimulate the aerody-
ramic innovations for standard bicycles which
began in 1976. By 1978, aerodynamics, tubing,
clothing,and helmets were commonly contributing
to higher speeds. Dr. C.R. Kyle, co-founder of
IHPVA, has been a significant contributor to the
technology that in 1984 produced the U.S. Olym-
pic bicycles.

continued on next page r
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RULES AND THEIR EFFECTS

In 1938, the Union Cyclist International
established rules against recumbents and
streamlined fairings in racing. After the 1976
developments cited above, in 1978 the UCI
"loosened the tourniquet" on the prohibition of
aerodynamic features. In 1984, an aerodynamic
rule milestone (or millstone, depending on your
point of view) was achieved when Moser was per-
mitted to set an official one-hour record at
Mexico City with a bike that had been tailored
in a wind tunnel and featured solid wheels, and
subsequently similar Olympic bikes were
accepted. The door for innovations via aerody-
namic modification has certainly been opened a
significant amount, but at the cost of some
controversy about the past decisions and ques-
tions where this all leads, about what rules
will best serve the purposes of cycling.

There is also the question of the criteria
for competition. In a team sport, such as soc-
cer, the winner is a team, not an individual. In
a 100m freestyle swimming race, the winner is
clearly th the individual. For a faired
bicycle/tricycle speed event or a human-powered
airplane challenge, the vehicle is a major part
and the prize or honor is usually shared by the
rider and the vehicle developer. In the Tour de
France, an individual wins, but aided by his
team. In international sailplane competitions,
radio communications permit the several compet-
itors from one country to coordinate thermal
hunting and give an improved chance to each of
them and a still larger chance to a particular
one. Such coordinating communications complicate
the issue of whether the winner is an individual
or a team. This coordination is done by some
countries with well-disciplined teams; with
other countries where discipline is less
characteristics and where the competition is clearly
considered as selecting an individual winner,
the radio is not used for "collusion" purposes
(and a competitor may even use it to mislead his
competition while also gleaning from it whatever
useful information he can).

It seems logical to adopt the general prin-
ciple that the official winner(s) of a competi-
tion is the individual or group whose efforts
were dominant in determining the winning. For
solo events where no apparatus is required, such
as swimming and running, or where the apparatus
offers no special advantage, such as tennis,
bowling or chess, the principle is straightfor-
ward to apply: the winner is the winner. For
team events, the team is clearly the winner. In
every case, a coach/trainer may have made a
significant contribution, even masterminding a
football triumph, but the competitor(s) gets the
official reward. Where the apparatus makes a
unique contribution to winning, the
designer/developer (or sometimes the sponsor)
gets some or most of the plaudits.

Categories promote competitors reasonably.
The hare races the tortoise only in myth.

Categories based on size or weight or age or sex
are easily defined. Categories based on expe-
rience or ability are generally harder to
define, and there is continuing controversy
about amateur vs. professional. Categorization
is brought to a high level in BMX racing: age
groups, subdivided into novice, intermediate,
and expert classes based on the number of top
finishes in a lower class.

Where the rules must also consider appara-
tus, categorization can get sticky (except where
the competition is about apparatus, as with the
IHPVA speed event). Sailboat races between Hobi
16s or Cal 40s or Star Class boats should be
fair, but questions do arise. One competitor
may have better sails or a wider choice of
sails. The rules committee has to decide what
is permitted. For the Star Class, small impro-
vements in design have been authorized that help
keep the class technically up to date and that
allow manufacturers to sell new models without
wiping out the class.

Sailplane competitions have provided a
strong stimulus for that sport since the first
glider competitions in 1920 in Germany. Through
the 20s and 30s, and then after WWII, both
contests and record attempts produced develop-
ments and performances that could not even have
been dreamed of by the first pioneers. As the
gliders became more efficient, the pilots
learned how to locate and exploit upcurrents,
first to stay aloft longer, then to fly further.
The need for speed as well as efficiency drove
the designs to higher wing loadings and to
advanced structural concepts to provide safety
even in the severe weather wherein the best lift
was found. Regulations arose for safety rea-
sons, in the form of certification for both the
vehicles and the pilots. Before about 1950,
contests considered duration, distance and
altitude; thereafter, the focus was on distance,
which in effect combine all three. As distances
got greater with improving vehicles,
instrumentation, piloting strategy, and meteorological
understanding, speed events were added, espe-
cially closed-course speeds that kept the sail-
planes from venturing inconveniently far from
the contest airport. There were no one-design
competitions because there were so few vehicles
of one type until the Schweizer 1-26 became
ubiquitous. Competition categories did arise in
the 1950s. There has always been the open class.
Now there has been added a "standard" class
(15m span, no flaps) and a "15m class" (like
open class, but span limited to 15 m). Also
there are now some initial competitions with
self-launched (auxiliary-powered) sailplanes.
In addition to the stimulus of sailplane com-
petition, there are awards for achieving certain
distances, durations, or altitudes (the Gold C,
Diamond, etc.). Sailplaning is just a hobby, but
the forces for innovation have been so strong
that the technological advances have been huge.
Modern openclass sailplanes, with 22m wingspans,
glide as flat as 60:1 and, using thermals,
complete triangle courses of hundreds of kilo-
meters at average speeds exceeding the 130km/hr.
The vehicles can cost more than $50,000, even

continued on next page -
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before the instrumentation (including a
flight-optimization computer) and radios and
navigation gear and oxygen equipment are added.

The growth of hang gliding was rapid
throughout the 1970s. The first contests were
more the equivalent of picnics or get-togethers,
but they served to fire the imaginations of
everyone present. The only scoring was for spot
landings and later bomb drops with bags of
flour. The real goal was safe and pleasant
flights with hang gliders having beautiful,
individualistic appearances. By the mid-70s the
sport had matured to where the manufacturers
combined voluntarily and established the cer-
tification of safe vehicles, while clubs sup-
ported a national organization to certify
pilots. The safety record improved. Contests
began focusing on aerial maneuvers, duration,
and distance. Vehicle performance improved
markedly. A small number of contest partici-
pants kept pushing manufacturers to better per-
formance limits, but the larger number of sport
pilots pushed manufacturers on a different
course focused on control and comfort. In the
U.S., the field has been getting smaller since
its heyday in the late 70s. Liability problems
contributed to the decline, and also many pilots
diverted into powered ultralight aircraft,
sailplaning, and regular lightplanes. For hang
gliding, the main benefit from rules was the
improvement in safety.

THE HEART OF THE
DILEMMA IN CYCLING

The simmering pot of aerodynamic improve-
ments boiled over in 1984 when the UCI made a
controversial decision and accepted a record
made with a disk wheel. The rules permitted
design changes for structural reasons but not
aerodynamic reasons. (General rule 49 state,
"..the use of protective shields, wind brakes,
bodywork or other devices on any part of the
bicycle ... for the purpose of reducing wind
resistance shall be prohibited.") By omitting
spokes,and making the outer shell structural,
the disk wheel was made "legitimate." Its sig-
nificant aerodynamic benefits were achieved,
allegedly within the constraints of the rules.
A spoked wheel covered with non-structural lids,
essentially identical in structural function and
aerodynamic function, would be illegal. Who
knows what the regulatory body would decide in
the future about a spoked wheel with sturdy lids
adding significantly to the structure. Design-
ers and manufacturers now need to invest
resources based on guesses about the rules
interpretations of the future. The same goes
for streamlined handlebars: supposedly built
with an airfoil cross section for structural
reasons, actually made that way for aerodynamic
reasons (and apparently with little concern
about the danger from the sharp trailing edge in
an accident).

If you asked 100 cycling officials, compet-
itors, and manufacturers the question, "Are disk

wheels and streamlined handlebars made because
of structural benefits?" you would get 100
"nos"; if you asked, "Are they made because of
their aerodynamic drag benefits?" you would get
100 "yeses. If you asked whether the disk
wheels and streamlined handlbars fit either the
intent or the letter of the UCI rules there
would be some differences of opinion the rules
are somewhat ambiguous, and so various inter-
pretations are possible). If you asked whether
they are good for the sport, there would also be
differences.

The year when a structural change was made
for obvious aerodynamic reasons, yet accepted as
within the rules, was 1984. A philosopher,
examining the implication of the decision which
in effect ignores the contradiction in "Aerody-
namics is structure," would probably note the
connection with another "1984": George Orwell's
classic book. Orwell introduced us to "dou-
blethink," with Big Brother coaxing/coercin us
to see no contradiction in phrases such as War
is peace" and "Ignorance is strength."

Increasing speeds, records, new heros, and
new technology all help vitalize a field, lure
in participants, and fuel manufacturing. The
new aerodynamic bicycles and clothing/helmets
provide such benefits, but there is a question
about where all this leads. Track meets, mar-
athons, and jogging are all part of a field
which has grown healthily, without controversy
about equipment. Tennis is another sport where
equipment is not expensive, and skill, not tech-
nology, determines the winner. Does cycling need
aerodynamic improvements? A big stimulus to
U.S. cycling this year was Greg Le Mond's Tour
de France victory. Would this stimulus have
been altered by disk wheels on all participants
rather than spoke wheels? I doubt it. Annual
record breaking could be assured if the rules
would feed in a little more use of aerodynamic
fairings each year, but I suspect the negatives
of such an approach would outweigh the bene-
fits.

RESOLVING THE DILEMMA

To resolve the dilemma for the rest of this
century requires input of people involved in all
phases of cycling, especially those with the
perspectives of philosophers and the mythical
wisdom of Solomon. In the definition of a rac-
ing bicycle, there is no simple solution, and no
pleasing everyone, but the problem must be
resolved. I find it disturbing to have observed
designers paying much more attention to how to
push the edges of the existing rules, how to
exploit ambiguity, than to how to straighten out
the rules.

Now the dividing line between cycling com-
petitions as human skill/stamina events and as
technology events must be clarified. Pandora's

continued on next page er
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Box has been opened and mischief will prolifer-
ate unless wisdom is applied. My prejudice is
that future competitions which purport to
determine the top athlete should use bicycles
with limitations that clearly minimize advan-
tages from aerodynamics (using bicycles and
helmets that emphasize safety). Developments
would focus especially on mechanisms (elliptical
sprockets, cams, gears, etc.) and on training
techniques. Other open competitions could be
like those IHPVA already features, where aero-
dynamic innovation is given free rein. I cannot
see the viability of a middle ground where
aerodynamics is partially admitted, where the
"intent" of a developer must be considered,
where design rather than function is specified,
where drag reduction is permitted by one means
but not by another, where participants in the
field are coaxed into practicing or accepting
"doublethink". Because I am not closely con-
nected to the cycling field, I do not have a
high regard for my own prejudices in this area.
I look forward to seeing how others who are more
intimately involved handle the challenge for the
next decade: how to define, unequivocally, the
legitimate bicycle which advances cycling.

An obvious solution is to have the most
prestigious cycling competitions be ones where
equipment gives the rider no special advantage.
One method is to provide identical bicycles to
the contestants, or at least require random
switching of bicycles between contestants in
multi-race events. (Note, however, that a spe-
cial liability problem is introduced if the
rider is not responsible for his own equipment).
Another method is to emphasize an event such as
a hill climb, a low-speed event where bicycle
difference confer very little advantage. The
most generally applicable method would be to
certify bicycles which all have a minimum drag
at racing speeds.

The minimum-drag technique could produce
vehicles featuring safety and economy and take
the pressure off pushing the limits of struc-
ture. With a high minimum weight, high minimum
rolling (tire) drag, and a minimum aerodynamic
drag (obtained any way the designer wants),
speeds would be lower but records would continue
to be set because of improved training.

Weight is easily determined. Total drag is
difficult but not impossible to ascertain. Tire
drag is at least rather independent of speed,
and at high speed is much less than aerodynamic
drag, but can vary with tire pressure, temper-
ature, and surface. Aerodynamic drag can be
ascertained in a meaningful way only if a
"standardized rider shape" is mounted on the
vehicle as the vehicle moves at the specified
speed, say coasting down a slope or mounted in a
tunnel.

I am aware of the difficulties inherent in
such calibration, and not especially optimistic

about obtaining a satisfactory resolution of the
challenge, but anything seems better than the
present situation of permitting aerodynamic
improvements on a rather arbitrary basis. The
concept deserves creative investigation before
rejection, and, if rejected, the alternatives
must be appreciated.

SOME OBSERVATIONS AND
CONCLUSIONS ON GOALS,
RULES AND INNOVATIONS

1) Publicized competitions foster innova-
tion, even where the rules inhibit major innova-
tion, because there is always opportunity for
some innovation, and new/improved technology is
of considerable interest to most riders and
hence to manufacturers.

2) Paradoxes in the present cycling rules
about structure vs. aerodynamics must be
resolved. The legitimate racing bicycle must be
clearly and permanently defined, even if the
definition represents a significant departure
from today's aerodynamic bicycle. Competitors,
inventors, manufacturers, spectators, and
officials deserve such a clarification of what is a
bicycle, and of whether cycle racing is to be a
test of competitors' skills or of vehicles.

3) In all sports involving equipment there
is justification for some "open" events (con-
sistent with safety), no matter how many "con-
strained" events there are.

4) For showing individual stamina and
skill, high-speed races could be conducted on
moderately slow, very safe bicycles - heavy
ones with draggy aerodynamics and draggy fat
tires - if a standard drag specification can be
agreed on and measured. It is reasonable to
suggest that some races and measurements be
initiated to explore the concept, but I doubt
that the present bicycle-race culture would
respond with enthusiasm. Hill climbs and the
related racing of mountain bikes over complex
terrain are well accepted. Although the rider
cannot establish a record applicable to other
locations, there is the stimulus of local
records and winning.

5) The IHPVA land-vehicle races should
continue, with at least a) the open class for
absolute speed through 200m traps, and b) a long
open-category race of approximately one hour, in
which vehicles must cope with maneuvering and
winds. IF a velodrome is available, a 4-km time
trial is also desirable, as well as a one-hour
event.

6) In order to stimulate the development
and appreciation of practical vehicles, such as
could be used in commuting, competitions are
held at the annual IHPVA event. However the
specific definition of "practical" is not agreed
upon, and in any case the judging cannot be
absolutely quantitative; speed is readily mea-
-i-,,A hi+ i4 rnl, nno rrnntrihiitnr n a +tr+al
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score which includes convenience, maneuverabil-
ity and safety. The imperfection of rules
should not be considered a valid reason for
avoiding the practical-vehicle event.

7) In open categories, especially as exem-
plified by the IHPVA races, a useful philosophy
is to have rules lag technical developments
and so not inhibit the developments. Thus,
although the IHPVA rules prohibit stored energy
from sources outside the rider, a rider might be
permitted to store energy (as in a battery) dur-
ing one part of the event for use in a later
part. Also, the vehicle could be permitted to
exploit real-time wind power via a sail wing or
on-board windmill. If energy storage or wind
augmentation produce a race winner, great! If
the advantage was so large that the new tech-
nique would be essential for future winners,
then a new "open" category could be set up
permitting it, and another "semi-open" category
could be devised prohibiting it, or a single dom-
inant category could be selected. Innovation is
served by this attitude.

8) Technical symposia are effective at
stimulating invention. They promote the
exchange of ideas while establishing an enthu-
siasm for new creations.

9) The standard bicycle is an elegant
design, with admirable dynamics, simplicity, and
ruggedness. The touring bicycles of the year
2000 or even 2050, and perhaps even the racing
bicycles, will probably be rather similar to the
present vehicles. I suspect these will continue
to win out in the marketplace over recumbents or
even more divergent designs.

10) The future success of bicycles as com-
muting devices will depend less on technological
improvements of vehicles than on social accep-
tance, traffic competition, foolproof locks,
effective lighting and reflectors, and helmet
laws. Safety is a dominant and ultimately
limiting factor.

11) Auxiliary energy can assist commut-
ing/touring. Just a kilogram or so of batteries
can give you the equivalent of 300 m of alti-
tude, to apply as you want: accelerating after
stops or maintaining traffic speed up a hill.
On a sunny day, half a square meter of solar
cells can assist you with 50 watts continuously
or can recharge a batter. A kilogram or so of
rubber bands can store the energy of a stop from
10 m/s to be used in the subsequent speedup. A
kilogram or so of gasoline can power the vehicle
for hours or even days. However, you have to
consider why you have a bicycle. If you really
want a motorcycle or car, get one.

12) Formal rewards constitute a strong dri-
ving force for achievement, whether the rewards

are dollars or ego-fulfillment from fame or
self-satisfaction from winning. A money prize
for at technological development typically stim-
ulates development efforts costing many times
the prize amount. (The Kremer prizes for
human-powered flight triggered two decades of
worldwide developments that probably represented
an investment 30 times greater than the prize
money.) Formal prizes provide a beneficial
focus for both inventors and competitors.

13) The preoccupation in our advanced coun-
tries on technology and competition deserves a
lot of thought and discussion. Health, happi-
ness, longevity, and appreciating and fitting in
with nature rather than modifying or destroy in
it - these need consideration as we work on
technological innovation. Goals, motivation and
rewards vs innovation may be imprecise subjects
for exploration, but, in my opinion, should be
given high priority. Cycling, a positive sub-
ject with few negatives, can serve as a benign
catalyst for such philosophizing.

14) Rules and categories inhibit innovation
by limiting options and stimulate innovation by
motivating many riders to participate in the
field and hence encourage media interest and
manufacturers to support and develop the field.
There is no one answer to the conflicts inherent
in simultaneously inhibiting and stimulating
innovation. Persons setting up demonstrations,
races and records will have to accept complexity
in rules and categories while striving for sim-
plicity. Officials should be cautiously flex-
ible. Some decisions will prove to be less
successful than others; the decision makers will
find that they cannot please everyone. Their
rewards will be in knowing that they are helping
with a sport of great value both to man the
scientist/engineer and man the athlete and
creature of nature.

Paul B. MacCready
Aero Vironment, Inc.
Monrovia, CA USA 91016
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Announcement and Call
for Contributors to a

Proposed Conference
Session at the January

1988 Annual Meeting of the
Transporation Research

Board

In much of the developing world,
bicycles, tricycles and carts (whether
powered by humans or animals) play
a vital role in local systems of
personal mobility and goods
movement. There are substantial
variations, however, in the utilization
and mix of these modes and in how
their use is integrated into
transportation planning and policy for
urban and rural areas.

Transportation planning and
development in the Third World
sometimes serves to improve
conditions for human-powered
movement. Sometimes, however, it
has worked to restrict the use of
human (and animal) powered
transportation modes. Research into
these variations and conflicts can aid
our understanding of the evolution of
local, regional and Human-Powered
Vehicles and Transportation Planning
in Developing Countries global
transportation systems and the impact
of these systems on economic and
social activity. The findings of this
research are likely to have important
implications for transportation
planning and policy in developing
countries, and potentially in developed
countries also.

OUTLINE OF POTENTIAL TOPICS

* Regional reports on bicycle and
tricycle use in developing countries

* Developments in bicycle and other
appropriate technology

- Systems for production,
distribution and maintenance of
bicycles, tricycles and carts in
developing countries

- Designs to meet special
problems (all-terrain bicycles, special
carrying devices, cargo bicycles and
tricycles, materials substitution)

* Conflicts between high-
technology and human-powered

transportation systems
* Transportation development

policies and spending priorities and
their impact on the evolution of
transportation systems and human-
powered transport.

TYPE OF CONTRIBUTIONS
DESIRED

Although formal scientific papers
will be welcomed, the session's
planners will also be looking for
more preliminary contributions, in
the form of talks (preferably aided by
slides) that will present significant
new developments in a clear and
stimulating way.

NEXT STEPS

The planning committee for this
Conference Session is being co-
chaired by TRB members Ralph
Hirsch and Michael Replogle. They
are eager to hear from researchers
anywhere who have done or are doing
relevant work, and from persons who
may know of relevant recent material
published in developing countries.
They also recognize that lack of travel
funds may represent a problem to
some potential contributors,
especially those from developing
countries, and they hope to raise funds
from foundations and other sources to
assist them. Please contact either
one with your comments, suggestions
or inquiries:

Ralph Hirsch
Ralph B. Hirsch and

Associates
3500 Race Street
Philadelphia, PA 19104
USA
Telephone: 215/386-1270

Michael Replogle,
President
Institute for Transportation

and Development Policy
P.O. Box 5595
Washington, DC 20016 USA
Telephone: 301/495-4703 or

301/587-6137

HP Helicopter to try for
HPS Prize

Mike Brace, of Reynolds & Taylor,
Inc., has designed an HP helicopter
called "Monarch", and is going to try
for the AHS prize.

According to MACHINE DESIGN,
the firm specializes in plastic
fabrication, and company president
Roger R. Reynolds thought that the
helicopter would be a great way to
demonstrate the company's skills in
advanced composites. The rotor
diameter is 8.5m (28 ft) and the
overall weight is just over 20 kg (45
lbs). To win the prize the helicopter
must rise at least ten feet and hover
for 60 seconds.

Media Notes

The IHPVA and HP author
Anthony F. Patroni ("A FIGURE-
EIGHT DRIVE", HP 5/4) were
written up in the Atlantic City
SUNDAY PRESS. He is the chief
slot technician at Caesar's Casino
Hotel, and oversees the operation of
1600 "bandits". He's also worked for
the city police department on
maintenance of their cruiser fleet.
Right now, writes the paper, he's
working on a tricycle suitable for a
legless person.

Gronen Seeks to top
Markham's Record

German Vector owner Wolfgang
Gronen reports that a high altitude
speed attempt is the works for late
September/ early October.

With the support of the German
Embassy in La Paz, Peru and
Lufthansa airlines, Gronen and his
rider Gerhard Scheller will seek to
best Freddie Markham's top speed run
aboard Gardner Martin's Gold Rush.

In other news, Herr Gronen reports
that negotiations are continuing with
the intent of holding the 1988
International Human Powered Speed
Championships in West Germany.

Additional information will be
published in HPV News.
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