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TEST RESULTS

The Roval Wheel:

How Much Fa$er?

Piene Hugaud

This atticle oiginallJ afbea/ed in the
French clcling joumal Le Cycle, of which
Pizne Hueøud is the editof. Michel BelU, a
Canadian framebuildel, tnhslated the olticle
into Errgl;sh and lelajed it to Bike Tech.

When the Pads Cycle Show convened in
1977, aerod!,namics was not yet a bicycling
buzzword. Shimano's aerodl,namic compo-
nents and the oval tubing of Tange and Rey-
nolds were still ideas on the drafting board.
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At this show, a precursory aerod;,nanic de-
sign made its debut: Claude LeHanneur, a
French enginee! intloduced the Roval aero-
dlmamic wheel. Signifcartly differcnt from a
standard wheel, the Roval has a contour-
ed hub, a narow, deep-section rim radially
spoked rogelher with oval spokes, and nip-
ples recessed into the rim (See Figure 1).
By departing from the tjaditional lacing pat-
tems and paying close attention to the cross
sectional profiles of the wheel's compo-
nents, LeHanDeur succeeded in designing a
more aerodl,namically efficient wheel.

Changrng Speeds

Ar analysis of a rolling bicycle wheel's
aercd!,namics is complex because the wheel
is both spinning in the air aIId moving
through it. Also, each part oftle wheel has a

differenr drag coeffcient, and rhe velocities
of all points on the wheel are constantly
charging with respect to tie ground, or the
still air.

II a bicycle is cruising at 30 km/h, then its
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Figurc 1: irain components 0l a Boval wheel.
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wheels are rotating {,ith constant angulai ve-
locity, But the only portions of each {heel
that move at this steady 30 km/h ground
speed are the axles and quick-release ske1'-
ers. All other parts are continually moving
either faster or slower, depending on their
positions in the wheel and rclative to the
ground,

lf we follow the path of a point on the tire
of one wheel h Figure 2, we'll see that it
follows the humped curve traced to the
fight. This path also gaphs tle relative ve-
locity of this point as it rotates thiough one
revolution. The poht will actually be at rest
the moment it contacts the pavement, but
will quickly accelerate to 60 km/h as it ap-
proaches a position at the top of the wheel.

Lost Power

Taming the aerodynamic behavior of a bi
cycle wheel is important because two wheels
rotating at high angular and linear velocities
distub a lot of air. The amount of power re-
quired to move anything through air in-
creases in value by the third power of the
velocity of the object. Specifically,

Power = ACrpVs,

2

where A is the cross sectiona.l area of the
object, C, is the coefficient of aerodynamic
drag of the object, p is the density of ak, and
V is the velocity of tie object with respect to
the at. The amount of power expended by a

ider to rotate and traoslate a pair of rvheels
through the air depends upon a complex de-
termination of the instantaneous relative ve-
locities and drag coefficients of all parts of
the wheels. Further complicating the issue,
the rear wheel partially drafts the front

wheel and it spins through turbulence
churned up by the rider's legs and pedals.

Improved Design

While the calculation of the amount of drag
of the two wheels is difficult, the reasons for
a wheel's drag are not hard to see. A pair of
thir§-six spoke wheels contains about 60
feet of round wire, which has a drag coefE-
cient of 1.1 (See Figurc 3a). Additional dis-
tubance is cieated where the spokes cross.
Spoke nipples, too, stir up the air, and a tire
mounted on a shallow section rim preseflts a
messy aerodynamic ploEle to the a[stream
(see Figure 3b). Clearly, a wheel's aerody-
namics can be improved.

The Roval wheel addresses each of these
aerodynamic problems and, at the same
time, strengthens tkee of the traditional
wheel's'weak areas. Each wheel has 24
spokes tlat tllread into nipples recessed in
,the rim, out of the airstream. The spokes
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Figur€ 2: Posilion and rolativo v6l0cily ol a point 0n the cilcumhrence ol a wheel.

are flattened into an oval cross section
(CD=0.4; see Figure 3a), and have T-shaped
hammerhead ends.

These spokes pull straight from hub to
rim, so they cafl be tensioned higher than
spokes with elbow bends. Higher spoke ten-
sioning allows the 24-spoke Roval wheel to
be just as stroflg as a regular 36-spoke
wheel.

The tont wheel is laced in a radial pattern,
as is the left side of the rear. Since a crossed
spoke pattern is necessary to tEnsmit the
torsional load of pedaliry, the right side of
the rear wheel is laced cross one.

Strengh æd Rigrdity

The Roval's rear wheel has dish, but
there's a nifty design feature to counteract
its weakening effects. The left side spoke
bracing angle of a dished wheel is nearly
twice the right side's (see Figure 4). The
tensions in the right side spokes are, there-

Flguro 4:
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Fi0uo 5: LeHanneul's lcst llg.

fore, nearly twice that in the left side
spokes. This force imbalance makes for ar
unstable wheel. The Roval has twice as
many spokes on the fight side as on the left
(16 vs 8), so the right side spokes have to be
tensioned only half as much. This brings the
tensions in all the spokes to nearly the same
value.

Finally, the Roval rim has a deeper cross
section, so the wheel will be more rigid in
the radial plane , When mounted with a tire,
this deep rim presents a cleaner aerody-
namic profle to the air.

TestJu

To quantify the aerodl,namic efficiency of
his wheels, M. LeHanneur built a tesr jig
(see Figure 5) to measure the air resistance
of regular and Roval wheels. The lowe!
frame of the jig, ABCD, is fixed to the
ground; the upper foame, EFGH, rotates
around the axis 00' on piyots K ard L, and is
driven by a motor with a belt ard puley. The
motor is mounted or1 the upper tame to
keep its torque tom biasing the measure-
ments.

The wheels turn with a motion similar to
that oJ wheels rolling on tle ground-the
speed at the axis of tte tame is zero and the

speed at the outside of the wheels is twrce
tlat at the hubs.

The test jig also allorvs each wheel to take
a turn draJting the other.

As tle test jig spins, the wheels' air resis-
tance will generate a reactiol force that tilts
the upper frame at an angle o. If a weight W
is hung from the rod RS at a distance X from
the pivots, the angle will be reduced back to
zero. The value of tie torque T on the upper
frame can tlen be determined by the equa-
tion, T = WX.

If the rotational speed N of the jig is mea-
sured with a tachometer. the power of air
resistance can be found by the equation, P =
2rNWX. For a simulated ground speed of
45 km/h (2a mph) , M. LeHanneur found that
regular wheels consumed 60 (.08 hp) watts
of air power, while the Roval wheels con-
sumed or y 35 watts (.047 hp).

The estimated air resistance experienced
by a rider crouched on a lightweight bicycle
moving 45 kr/h is 350 watts (.47 hp). II the
Roval wheels effect a savings of 25 watts,
then seven perce[t of the power expended
by the rider to move him and his bicycle
thoug! tle air will be saved. If additional
losses to tire and bearing tiction are added
in, tien the overall power savings at 45 krn/h
for a rider using a set of Roval wheels will be
about six percent.

TEST RESULTS

Road Testinp the

RovalWheel

Doug Roosa

M. LeHanneur's test effectively pointed
out aerodlnamic differences between Roval
and conventional wheels. but I question
whether the power savings measured on his
test jig can dfuectly translate into a similar
savings for a rider. There are important dif-
ferences between the aerodynamic environ-
ments of his test jig and a moving bicycle:
the wheels displace more air in the jig duing
each revolution, the drafting conditions are
different, and the turbulence stirred up by a
rider's legs and the bicycle's components
was missing.

One can argue that tIe aerod],namic be-
havior of the two sets of wheels will vary
together under all test conditions, but I don't
believe the relative power consumption dif-
ference of 25 q/atts measured at 28 mph will
be the exact power savings experienced by a
rider at that speed. The relative difference
could be more or less under different test
conditions.

0ther Speeds

Still, even if we give M. LeHanneur the
beneft of the doubt and assume that 25
watts is an accurate figure, it must be
pointed out that this power savings is real-
ized at a simulated speed, ol ,nfh. "llrc te-
sulting six percent reduction in necessary
power sounds impressive, but what happens
at other speeds? M. LeHanneur provided no
data, but we know tie power savings will
continue to grow for speeds hiSher thar 28
mph, but will shrink quickly as the speed
drops, because of the cubic relationship be-
trveen power and velocity.

ln addition, the percentage of a rider's ef-
fort devoted to overcoming wind resistance
varies with tlrc rider's speed. As Rob Van
der Plas pointed out in our April 1983 issue,
most ridels plod alonS at ten mph, at which
speed about haf their effort goes to oyer-
coming wind resistance and the other half,
tire rolling lesistance. When the rider's
speed increases to 25 mph, overcoming roll-
ing resistance demands 2Vz times tlle effolt,
but the power needed to overcome wind re-
sistance ircreases 15.6 times, claiming 85
percent of the total.

The graph in Figue I clearly illustrates
tle relationship between power and speed.
The top curve indicates the amount of power
a lider must expend to maintain any speed



Trial Beoular RoYal Eaoul Roval

1 2Å.1 28.8 31.0 30.8
2 æ.2 *.2 31.2 29.9
3 B.? ».3 3t.2 30.0
4 .6 28.4 31.9 30.8
5 .4 æ.2 30.2 30.0
6 29.4 .9 30.8 30.3
7 28.4 n.l 31.2 31.4

Table I
Tims io Difinc8

2a.7 .a 31.0 30-5

dolvn a flat road rÅrith no wind; the bottom
line is an estimated power curve for the
same nder using a set of Roval wheels,
based on the single data point provided by
M. LeHanneur. Notice how little divergence
there is in the two lines at speeds less than
15 mph. Clearly, the aerodynamic advantage
of Roval wheels emerges only at very high
bicycle speeds.

0n The Road

One could simply consult this graph to pre-
dict the Roval wheeis' performance on an ac-
tual bicycle, but in the spirit of real-time anal-
ysis, the Biåu ftdi? R&D team decided to
conduct its o$r set of roll-down tests to de-
termine how effective Roval wheels really
are. These simple on-the-bicycle tests re-
veal specific performance differences be-
tween Roval wheels and regu.la! wheels,

To assure that any performance difference
in our test was rooted in an aerod],namic dif-
lerence. we Fliminated as many other vari-
ables as possible between our sets of test
wheels. The lront wheels were matched to
within 100 grams of each other, as were the
two rears: more imporranlly. lhe rim
weights were tle same, so inertial differ-
ences were virtually eliminated. All four
wheels were equipped with identical rires in-
flated to the same pressure. And the same
bicycle, dder, and dder position were used
for all the testing.

The first roll-down test was conducted on
a sleep rcirca ten percent) grade approxi-
mately one-quarter mile long. The road was
half rough (having recently received the inJa-

mous PennsyLvania D.O.T. tar-and-gravel
treatment) ard half smooth. The test rider
was held and released from the same point,
so he simply maintained the same crouched
position duing each run. Recorded time-to-
distance and top speed results are entered in
Table 1. Note the small difference between
the two sets of wheels.

The second test, done two days later on a
different, much lonSer hill almost a mile long
$rith about an eighl percenl grade, $as slmi-
lar to the fust. Test procedures and condi-
tions were neady identical, except that the
road was smooth for the entire test stretch.
The digital speedometer wasn't hooked up
for this test, so or y time-to-distance was re-

corded, but I know from past descents of
this hill that a terminal speed in excess of
thirty mph is easily achieved. Rolldown
times are listed in Table 2. This time, there
is a significant difference: regular wheel
times averaged 5.1 seconds slower than
Rova.l times (the standard deviations were a

comfortable 2.1 and 1.2 seconds respec-
tively for the tv/o averages).

Tahle 2

IimB lo Dislance (sec)

Trial Resular Roval

1 106.5 102.9
2 104.9 100.5
3 109.1 101.8

avs. 106.8 10L7

available to increase their kinetic energy if
less is dissipated to air drag. Also, a higher
terminal velocity should be realized. But we
know the power savings realized by better
aerodynamics are noticeable or y at speeds
greater than 15 mph, so the acceleration mte
differences between regular and Roval
wheels will be very small at low speeds.

Top speeds in excess of 30 mph were
rcachcd rn borh Iesr<, so why is a time differ
ence measured in test two but not in test
one? Quite simply, test one ended too soon.
The bike and rider spent little time moving at
speeds that brought out the aerodlmamic ad-
vantage of the Rovals, and the minute pre-
dicted differences were not measurable vrith
the speedometer and stopwatch employed
for the test.

In test two, however, the bike and rider
reached termiml velocity and spent most
of the run at this speed-so there was
enough time for the more aerodynamic Rov_
als to show an advantage: they allowed a

slightly higher top speed.
The conclusion, then, is that Roval wheels

work-they are more aerodynamic than a

.omparable set of regular wheels. Their
aerodynamic advantage is minimal at low
speeds rwhich rs lhc .a'e for all aerodynamic
components), but Rovals will offer moderate
power savings to riders who bomb down hills
and/or go very fast on the level.

Analysis

If the Rova.l wheels are more aerodlnamlc
than regular wheels, then they should allow
the bike and rider to accelerate at a higher
rate because more gravirational energy is

Figure 1: Power requirements to mainlain a

wheels. l{0 wind, level riding conditions

givel speed with regula] wheels and Boval
(175-pound bike/rider.)
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MATERIALS

Can Surface Finish

Affect the

Performance

of Your Frames?

Mado Emiliani

'lhis is Part 1 in d seies of ne& a/ticles
erll1ring hou d.ifferent surfa.e linishes .an af-
fect the leiomance of biqcle frames.

The su ace finish on a bicycle ftame ls
necessary both for durability and aesthetics.
A good paint job protects the steel tubing
from rust and enhalces a frame's looks.

But the application of paint is the final
touch in the frame's production. What's un-
derneath the paint really determines how
well and how long a frame's finish will iast.
It's very important that the framebuilder
prepare the surfa.e properly before applying
the paint.

Unfortunately, one of the traditional meth-
ods of surface preparation particle blast-
ing can actually degrade the frame's struc
tural integrity by removing metal from the
tube surjares and'or initiating microscopic
stress raisers that can generate cracks in lhe
rubes. So *e have the unhappy .ituarion
where in ar effort to finish a frame for dum-
bility, the builde, may actually shorten its lile
and compromise its performance by the
mosl widecpreåd oi finishing te.hniques
particle blasting.

Surface Finish of Tubes

Steel tubes, as supplied to custom ftame
builders and manufacturers, appear to be
quite smooth. But a closer look will show nu-
merous sMace irregularitres lormed during
fabrication. Figures 1a and 1b show the sur-
face finish of Vitus 181 ånd Re]'nolds 531
tubings. The Vitus 181 has a grooved surface
which is probably {ormed dudng a surface
finishing operation or when lhe lubc i5

butted. The Reynolds 531 tube appears to
be pitted, but this is merely a surface oxide
layer which, if removed, would reveal a

grooved surface similar to tle Vitus tubing.
The interior of seamless tubing is also
grooved when drawfl over mandrels.'All

rsee "St/aisht Talb O, Steel,' b, tldrio E\iliaa, Ricycling,

Figure la
Figure 1b

Figure 1: The sudace linish 0l Vilus 181
(top) and Reynolds 531 (bottom) tubing. 200
times magnilicalion.

Irame tubes have the surface features sho$'n
in Figures 1a and/or lb.

Grr-,r-,res and other surface irregrlaririe'
on frame tubes are a potential problem be-
cause they can create an uneven distribution
of stress. To avoid this, tubing manufactur-
ers rry Io.onlrolthc size ofthesp irregulari-
ties within certain tolemnces. But, they are
not always successful. Framebuilden occa-
sionally receive tubes with imperfections so
severe (such as deep gouges) that they can't
be used.

ln rhe pasr. lwo of the biggest names in
frame tubing, l.l. Reynolds and Columbus,
stamped their tubes by deforming the met3l
to identiJy the manufacturer, tube gauge, and
often. the short-butled end of the tube.
Stamping can produce stress raisers, and
this problem magniies as the tubes become
rhinner. Framebuilders knew this, and a few
suspecred that it caused the Iailure of some
of thei frames, but they were reluctant to
switch to other bEnds because of their high
regard for Reynolds and Columbus tubing.

Recently, Columbus has changed its mark-
inq method ftom stamping to the process
klown as electrical discharge marking. In
this process, a graphite electrode similar to a

rubber stamp is molded into a leverse image

lfll microns 

-
Figure 2a: Spherical glass impacl beads.
Note the air entrained in some spheres
(arrowed). These derecls can lacililale
lragmenlalion upon impacl. 125 times mag-
nilication.

of the Columbus dove. A negative charge rs
placed on the electrode and a positive charge
is placed on the tube. A high-frequency pulse
of direct current arcs through the electrode
and an image of the dove is burned into the
tube surface. This image is contned to the
surJace oxide layer, so rvhile it clearb marks
the new tube for identification. it comes off
when the surface is cleaned; hence, it does
not deform the tube. Other manufacturers
now use similar non-destructive marking
methods. Ishiwata and Tange tubing, and
Relnolds' ultra thin 753, for example, are
marked with paint.

The surface 6rush of new tubing is an im-
portant consideration, but more for the
tube's interior lhan its exterior. because the
surface finish oi frame tubing is modified dur-
ing and after construction by sanding and/or
particle blasting.

Partrcle Blastrng

Particle blasting is a term used to describe
the high velocity impact of solid particles
upon solid sudaces for some beneficial ef
fect. Particle blasting is frequently per-
formed using sand hence the familiar term
sandblasting-but other non-metallic solid
particles are also used. Glass beads, garnet
crystals, and alumina are commonly used by
framebuilders and professional paintets.

The shapes ofthese particles are classified
as either srherical or angulal. The rl],osl
common type of spherical particle is made
from glass. Figure 2a shows glass impact
heads 210 microns'? in diameter- Particles

E
a
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100 microns 

-
Figure 2b: Sand, as wsll æ most othsr typos
ol parllcles used in sandblasting, has irGgu'
lar shapca and sharp Gdges. 125 times mag-
nlffcalion.

10 microns 

-Figure 3: Spho cal particles impacling a

llame produce symmel cal clatels with
small raised ridg8s al0n0 claler dms. 1000
limes magnilication,

such as sard, garflet, and alumina have sharp
edges and are irregular or angular in shape.
Figure 2b shows angular sand approximately
200 microns in diameter.

There are many situations in which parti-
cle blasting steel bicycle frames can be use-
fuI. For example, braziog flux residue, rust,
and other surface debris can be easily re-
moved to improve surface appearance and
paint adhesiol, Particle blasting is also a

fast, inexpensive, and clean way to remove
old paint. Particle blasting is so easy and ef-
fective that it is often done with little regard
for overuse. There are, however, drawbacks
to excessive particle blasting.

Erosion

One problem is that particle blasting re-
moves or z/adrs metal from a frame tube. To
prepare a sudace for fiIlishing, paint and rust
are eroded by the impact of solid particles.
Unfortunately, particle blasting removes
metal in the same fashion as it does paint,
although few people rea.lize this because the
metal loss is not as apparent as the paint
loss. The amount of metal lost depends on
the particles' shape and size, their velocity,
and the lengtl of time an area is blasted. The
Ioss can be particularly substantial if a ftame
is particle blasted several times. Perhaps
even worse than erosion is the cracking and
pitting of the metal surface by the fast-
moving particle stream. These sur:face ir:reg-
u.larities, called stress raise§, will locally
magnify stresses that can tlen initiate and
propagate cracks throughout the surface ard
cause prematue failurc of the frame.

Particle Impacts

A spheical particle hitting steel produces
a crater with a small raised ridge along its

rim. No material is removed by a single im-
pact, but very small subsurlace voids are
formed when metal is displaced to form the
crater. Figure 3 shows a crater produced by
a zlo-micron diameter glass sphere. A few
more particles striking in the vicinity oI the
frst crater form more voids which link to-
gerher to form a small crack. Subsequent im-
pacts cause the cmck to grow urtil a small
f€lF.e, or Platelet, ol netal is removed. Thus,
several impacts are needed to remove
metal. Figue 4 shows two overlapping im-
pacts which formed a platelet that is near the
poiot of removal, The process of material
loss is known as platelet formation.

Figure 5 shows an impact cmter formed
by a zoo-micron sard particle. In contrast to
impact sites produced by spherical pæticles,
craters made by angular paiticles have irreg-
ular shapes and large, raised lips. II the vol-
ume of the lip h Figure 5 isn't equal to that
of the crater, then metal has been removed.
Nearly every impact by angular particles will
remove metal; those which don't form large
lips that are l,ulnerable to easy detachment
by subsequent impacts.

Most rnaterials used in particle blasting
will fragment upon impact because tley are
brittle. Even spherical glass particles, par-
ticularly if they contain air pockets, can shat-
ter into angular fragments. (See Figures 2a

and 6.) If these ftagments then ricochet into
the ftame, they can act like angular sand par-
ticles, eirher removing metal or becoming
embedded in fie surface. Subsequent im-
pacts may remove these embedded frag-

Figure 4: only two overlapping impacts wer8
needod t0 lom a platelet (arowed). one or
two more impacls would have Emoved it
lrom the surlace. 1000 times magnilication.

ments or drive them further into the metal.
Your frame may be carrying thousands of
glass or sand fragments that were embedded
during the blastiry process.

Material Loss

The removal of material by sharp-edged
angular particles is called .rrrilrg. Platelet
formation can occur simultaneously ]Årith cut-
ting, but this depends upon the t]?e of parti-
cles and velocity used. If the velocity is high,
as in sandblasting. material loss by cutdng is
more likely to occur than platelet formation.

The cutting action of angulat particles en-
ables paint, flux, rust, and excess frllet metal
to be removed faster aIId more completely
than if spherical particles are used. It's no
wonder angular particles are the choice of
tamebuilders and pahters. But the fact that
angular particles can remove metal with
nearly every impact means that the rate of
material loss will be much higher thao if
spherical particles are used.

For a given velocity, large particles will
produce greater material loss because the
force upon impact is grealer. Similarly, an in-
crease in velocity (with no change in particle
size) will also remove more metal, provided
the particles do not fragment upon impact.
But particle velocity is dificuk to determine
because it's a complex function of both parti-
cle size and particle-blasting equipment. For
example, at a given pressure, small particles
tavel faster than Iarger par.ticles made of
tle same material. Particle velocity also de-
pends on the nozzle diameter of the particle
blasting gun, tle pressure used, and the dis-
rance between the nozzle and frarne. Typi-
cally, framebuilders use particles ranging
from 100-300 microns in size and they adjust
lheir equipmenr lo have particle velocities in
the neighborhood of 100-300 ft/sec.

10 microns 

-
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.10 micmns 

-Figurs 5: Crale]s made by angulal pa lcles have iregular shapcs and

laroe, raised lips. ilotice lho crater fim opposits to lhe lip is hardly

del0rmed (arorrs). This illustlates the etticient Gutling action ol
angular panicles. 1000 limss magnilicatlon.

100 microns 

-
Figure 6: fraclured glass particles. 125 times magnilication.
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Time Factor

A survey of Iramebuilders and painteB
showed tiat it takes one to five minutes to
sandblast a top tube/head tube joint, and four
to fifteen minutes to sandblast an entire
(bare) ftame before painting. But many
frames, or portions of frames, are often
sandblasted more tlEn orce. For example,
some framebuilderc sa[dblast immediately
after the frame is brazed to see how well
they've done. They then might 6le a bit, add

braze-ons, re-braze gaps in tlle lugs, and

sandblast again. If the paint job come§ out
badly, or if the tame ownel decides to re-
paiflt it later, the frame will be sandblasted
yet again. So it's possible that some frames
are sandblasted for a total of 15 minutes or
more. This may not seem like a long time,
especially for a whole ftame, but as Figures
4 and 5 show, only a few impacts are needed

to remove metal. To better assess the dam-
age caused by sandblasting, the number of
particles impacting the frame must be deter-
mined.

The number of particles leaving a blasting
gun 1vill depend upon the equipment, operat-
ing pressure, and tle size and qpe of parti-
cles used. Assuming one gram of sand parti-
cles leaves the gun each second, and after
calculating the mass of a 200'mi.ron spheri-
cat particle (I'm using spheres because it's
easier to calculate their volume), roughly
100,000 particles strike the frame every
second. So in 15 minutes of sandblasting, a

tame can be hit by almost 90 milliofl parti-
cles!

Because of the large number of particles
involved, it's apparent that every squaie
inch of a frame wil be hit by thousands of
particles. This can lead to signifcant metal
loss. In addition to the tlDe of particle used
and operaring conditions of the blasting
equipment, the amount of material removed
depends on the impact angle of the particles,
the tme of steel, ard the amount of time the
steel was heat treated during the brazing
process. (After a steel frame is brazed,
some portions will be weaker than others.
"The Metallurgy of Bnzing, Part 4" in the
April 1983 issue ol Bihe Tech explahs how
the strength of steel tubing varies near a
brazed joint.)

Erosion Tests

To better assess material loss rates
in particle - blasted steel frames, I
eroded two samples of Columbus SL tubing.
The particles used in the test were 210-

micron glass spheres and 200-micron sand.
Both tlpes of particles flowed at a rate of
1 g/cm?/s, and were accelerated to a velocity
of 175 ft/sec. The area eroded was 0.079
cm?, or about one-eighth of a square inch.
These tests were performed using a sophis-
ticated erosion rig built at the University of
Rhode Island. Figure 7 is a schematic dia-
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t
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Fioule 7: Erosion rig.



TABLE 1 Reduction l1! Vuall Thickness Due
To Partlcle

Erosion Orieulal
Specimen Type Palticle Type Time, sec Thickness, mm

Columbus SL Sard 465 1

Columbus SL Glass Spheres 465 1

Cotumbus SL Sand 90 1

lind
Thickness, mm 7o Change

0.74

0.87 13

0.91 9

gram of the test equipment.
The impact angle sigrificandy affects the

erosion rate. Ductile targets, such as the
steels used to make frames, exhibit the
greatest material loss rates at low impact an-
gles. about 25'. The lowest erusion rate i§
at 90o. Bul no maller whal the intended im
pact angle is, many particles will hit at more
acute angles because other particles inter-
fere with their flight path, or because oi pe-
culia. angular rotations (especially true for
non-symmetrical particles). In addition, the
curvature ofthe tubes and the gun's angle to
the tube will result in particles striking at all
angles. Testing one specimen at all impact
angles is impractical, so I used a microscopic
impact angle of 90' to simplify testing (see
Figure 7).

The Columbus SL specimens used in the
tests were cut from a new fork biade. These
samples were tested in the "as-received"
condition, and had a yield strength of about
95,000 psi and a q,all thickness oI one milli-
meter. The strength of a steel depends upon
its microstructure. which in turn determines
the ease or diffculty with which metal is re,
moved during particle blasting.

It tums out that stronger steels erode
faster than softer steels, This would seem to
contradict logic, but can be explained as fol-
lows. Each impa.r causes permanenl de[or-
mation which locally hardens the metal. This
phenomenon is known as \ ork hardening
and can be demonstrated by simply bending
a spoke, then rebending it the opposite way.
You'll notice it's more diffcult to bend it in
the same spot again. Metals work harden be-
cause permaflent deformations create
alomic.sized irregularities thar make il
harder to further deform the metå1. With this
increase in strength, there js a correspond-
ing drop in ductility. Further permanent de-
formation makes tie metål harder and brit-
tle, eventualiy causing failure. Strong steels
can't work harden a lot because their struc-
ture already contains a large number of
atomic-sized irregula ties. Thus, only a

small amount of permanent deformation (a

few impacts) is rceded to fully work-harden
the metal. Following the firct few impacts,

Work Hardening

200

Figure 8: Erosion rates 0l Columbus SL lubing ("as recciued" Gondition)

Pa icle velocity-l75 lus Target material-Columbus SL lmpacl angle-g0.
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sigriEcant material loss will occl]r as the
hardened metal undergoes brittle ftacture.
Softer steels, however, are able to undergo
larger amounls of permanenl deformatron
without failure, and therefore are more re-
sistant to material loss by particle blasting.

Each Columbus SL specimen was eroded
for periods of 15 seconds, 30 seconds, one
minute, two minutes, two minutes, and two
minutes, for a total erosion time of seven
minutes,45 seconds (465 seconds). The
specimens were accurately weighed at each
of lhcsc iimc inrervals ro determine rheir
weight change in order to chart a weight loss
\er.u) time.une. The results dre gi\en in
Figure 8.

Results

It's clear that the sand eroded target lost
the most metal. The total weight loss mea-
sured 15.9 milligrams, vr'hile erosion by glass

spheres resulted in a 6.8-milligmm weight
loss. The erosion rate using sand was 2.3
times greater thafl when glass spheres were
used. lt's important to remember that the
dara given in Figure 8 are merely illu:trative,
since actual particle blasting conditions, and
hence material loss rates, can vary consider-
ably. For example, many more particles
would strike at angles less than 90", and it's
likely that drfferent particles. higher veloci-
ties, and higher particle concentrations
would be used by a framebuilder.

Earlier in this article, I mentioned that it's
possible to significantly reduce the wall
thickness of tubes by particle blasting. Mea-
surements of the reduction in wall thickness
were made by photographing cross sections
of the eroded areas, The results are given in
Table 1.

The specimen eroded with sand and glass
spheres had a Zi percent and 13 percent re
duction in wall thickness, respectively.
That's quite dramatic, and here's why: the
specimens were eroded for seven minutes
and 45 seconds in the same spot. An entire
frame can be particle blasted in that time! To
get an idea of the reduction in wall thickaess
for more realistjc particle blasting times over
small areas of the frame, I eroded anotler
Columbus SL specimen for 90 seconds. The
test conditions were the same as before, but
only 20o-micron sand was used because an-
gular particles arc [ormally used on frames.
As Table 1 shows, there was a nine percent
reduction in wåll thickness. Had the tube
been 0.5 mm thick. there would have been
an 18 percent reduction, obviously a signifi-
cant amount.

(Quite a few frame tubes have wall thick-
ness of onJy 0.5 mm. The three main tubes
in a Columbus Record tube set are stnight
gauge 0.5 mm. Double butted Reynolds
531SL tubing has a mid-section thickness of
0.5 mm, as do the top and down tubes of
Tange's No. 1. The lshiwata 017 tube set's
three main tubes are butted 0.7/0.4/0.7, and
the exotic Reynolds 753 has a 0.7/0.3/0.7-



butted top tube. A wall thickness of 0.3 mm
is 300 microns; that's not much bigger than
the 2oo-micron sand).

Worst Case

It should be emphasized that this erosion
test represents a worst-case condition. The
Columbus tubing was in its strongest state
and, as we saw, erosion of strong steels oc-
cuIS at a high rate, Only some portions of a

brazed frame will be like the test sample-
the cenhal sections of all the tubes will rot
have been annealed (weakened) by the heat
of brazing. While all areas of a tame will be
particle blasted, the time spent on the stron-
gest (unarmealed) areas will be short com-
pared to the attention paid to tJrc (weaker)
kazed joints. And since the steel around the
joints is weaker, it can endure more impacts
before brittle-fracturing. Of course, if a

frame is built with tubes that are ultra-thh at
the joints, like Columbus Record or Rey-
nolds 753, then great care Inust be taken
when cleaning these areas with tie blasting
gun. The safest approach is to use only
spherical glass particles on these delicate
tubes, and blast a minimum amount of time.

Keep in mind, though. that material loss is
only part of the problem. Any surface
cracks. voids. or pits caused by particle im-
pacts in areas where the lrame is highly
stressed can lead to frame failure. In Part 2
of this series we'll take a look at a frame that
may have åiled due to the effects of sand-
blasting. We'll also examine the theory ajld
practice guidelines for safe particle blasting.
Stay tuned.

Editol's bote: Gruat cøutiot nust be exercised
øhen sønd bløsting ,aretlhin tubing. Any
oo.lall reiluction in uall th;chrress con se-

oercl! comirom;se the t.be's rigid.itf ahd
stættgth. A rulz of tharnb ;s that an! /eduction
in wall thichhess øill ield an equal reduction
in both st/ength and rigidilt- In thz case of the

Columbu.s forh bløde sandbl.asled fol 90 sec-

ords, if ue assurbe that the t be was blasted
elenl! all around, than q. nine lercent uall
lhich ess rcdutiot will resull in an awoxi-
,nate nine Percent reduition in both strength
ar . rwitf. This esti»totion is at'øoxirnate
becausc lh" lubc wall is not onlJ g?tting thin-
ner as møteriltl is remooed, but the ouhide
diarneter of thz tube k being reduced øs well,

Reducing tlw diameter of a tube has drøstic
effech on its igidit!, øith a change of a fa.ctor
ol k it diam?ter resulting in a redution in
tigidily of øbout \f and. ø rcd.u.clian in strength
of about k2. In this test, the elfect of diamzter
leductiah dffects the strekgth ahd rigid.it, onlt
o feu) Percer,tage Points øbooe that )lought bt
reducing the thich ess of the tubing uall, For
o corht/eherrsiae disc ssian of hou a tube's di-
,nansional foctols d/fect its st/ength ahd rigid-
it9, see Crislin Miller's orticle in the August
1982 issu.e ofBtke Tech-

SPECIAL REPORT

0n Brakes

Ed Scott

Ed Scott i.s the btesidtnt of
Scott/Mathauser Colb.

Ever since bicycles assumed thefu modern
form at the beginning of this century, one
component of the bicycle that has been coll-
siderably less than satisfactory is tle brakes.

In relatively flat country and in dry
weather most bicycle brakes are satishc-
tory. But in wet weather or dov,m lonS steep
Nls, especially with a loaded touring bike,
cyclists have been complaining for 80 years
about inadequate brakes. It makes little dif-
felence whether they're centerpulls or side-
pulls, ard whether they cost $15 or $150.
They can be beautitully polished, meticu-
Iously machined, afld stamped with a near-
holy name, but irr practical use experienced
cyclists have often admitted, "h the rain I
can stop faster by dragging my feet."

Why is this so? A bike isn't a high-perfor-
mance machine, Its basic purpose is to plo-
vide simple, safe, economical transportation.
The bicycle was the precursor to the auto-
mobile, yet, while automobile brakes have
evolved from two-wheel extelnal band
bmkes, to internal shoes, servo shoes, four-
wheel brakes, power brakes, disc brakes,
ard finaly to power-boosted discs that will
stop fom any speed in any weather, bike
brakes have only undergone a slow refne-
ment of a basically bad design, With its slow
speeds aod two-foot discs (the wheel rims),
a lightweight bicycle should be simple to
stop.

Sidepull or Centerpull?

Even the descriptive terms for brakes are
mixed-up and misleading. The key feature of
a conventional calipe! is not where or how
the cable pull is applied, but where the arms
are pivoted. This is the essential difference
between side- and centerpulls. Sidepulls
wodd be better termed "cente! pivots" be-
cause the cabie pull can be arranged at the
side, top, or h-between, by simply reorient-
ing tle primary arms. For an example of all
in-between arangement, Iook at tle trew
Dia-Compe Aero brake. Likewise, the so-
called centerpulls should really be called
"side pivot" since this feature is what differ-
entiates them trom sidepulls.

Under normal braking conditions, the rea!
brake cannot be applied very hard, because a
forward shift in the rider's centei of mass

reduces the rear tire's traction. Most of the
braking must be doae by the ftont brake, so
it's important that tle front bruke be opti-
mally designed. This includes choosing tåe
correct type of brake for t-lle front.

A centerpull is not the best brake to use on
the front because the upward pull of the
brake cable tends to flex the whole caliper
upwards. This flexing, combined v/ith the
flexing caused by t}le rim dragging the cali-
per arms forward, upsets the fum contact of
the brake pads on the rim. A sidepull is a

better choice on the front because the up-
ward cable pull is counteracted by the reac-
tion push of the cable casing, so there's less
caliper flex,

A centerpull is the bette! brake to use on
the rear because the cable's upward pull on
tlle ca.liper assembly helps counteract the
dow[ward pull orl the caliper.

Design Flaws

If an engineer looked at eMmples of the
best current sidepull and centerpull brakes,
he or she would see a lot of questionable
stuctural design, And there is an amazing
similarity among almost all of the curently
available caliper brakes, so they all suffer
iom the same design flaws.

Foremost in bad design is the choice of
cross section for the caliper arms. Most
arms have a cross secrion tlat is approxi-
mately a half-inch half-round. For braking
duty, this is a very poor structural shape.
Here's why: when a brake is applied stand-
ing still, the arms are stressed only in the
plane of the cable pull. The half-round sec-
tion is very rigid in this direction. But when a
brake is applied on a moving bicycle. the rim
tugs on the brake pads which pulls on the
caliper arms. The caliper arm cross section
is very !,/eak when s&essed in this direction,
so the arms will flex.

To a.llow fender and tire clearance, the
arms must sweep outward and then back in

Figurc 1: Th6 calipar arms wlll twist whan
lhe m tu$ on lhe brake pads. g

t



tigurE 2: Thin mounting bolls bend oulhoad ol lhe lrame when the pads lug on thc rotating m.

towards the rim where tlEy terminate with
braLe pads, which are far too thick. (Pads
are replaced when worn down past the
grooves or slots, but 50 percent of the pad is
still left!) Because the arms sv,reep so far
outboard tom their mounting/pivot bolt arld
the wheel dm. the tugging force of the rim
o,l the pads generates a stong torque in the
arms. The half-round cross section is tor-
sionally weak, so the caliper arms wiil twist
and the brake pads will lose their 6rm con-
tact with the rim (see Figure 1).

Adding Toe-ln

To comp€nsate for this twisting, kno\a,l-
edgeable bike mechanics bend the caliper
arms with a wrench so that tle forward erds
of the blake pads contact the rim first. Then,
when the arms are twisted by wheel motion,
the pads rotate and make flat contact with
the rim. Most brake marNfacturers have to-
tally igrored the need for this "toe-in" ad-
justment.

Scot Mathauser eotered the brake shoe
business in February 1976 with a very high
tiction pad that offered more braking with
less hand effort. We promptly discovered
that a higher friction pad brought out the in-
herent weaknesses and drawbacks of all ca.li-
per brakes. The flexing ard twisting dis-
cussed above is so great that we have to set
the pads on test brakes with a full one-
sixteenth-inch gap between tåe rim and the
rear end of tåe kake pad. I then get up to
ftJl speed down a steep hill, slide back off tlrc
saddle and lay flat ofl it witi my belly (to
avoid pitch over). Then I apply tie tont
brake quite furry. The bike stops like I'd
thrown out an anchor, and a brand new set of
pads shows uniform contact from end to end.
They've rotated one-sixteenth-inch oyer a

length of 21ls inches-or alnost two degrees
of rotation-due to the twisting of the caliper

There are additional problems with the
sectional desigl of caliper arms. They have
so short a bearing bore length at the pivot
that the hole acfially stretchzs during brak-
ing, allowing additional arm movement. And
the upper arm, which iSII't skessed anyway
except in line with cable pull, is almost rwice
as hea\,y as necessaiy.

Excessive flexing also occurs in the caliper
mountitlg bolts. All brake manufacturers use
a six-millimeter mounting bolt. Under brak-
ing stress, the front bolt flexes upward and
the rear one dowoward (see Figue 2).
Large! stiffer bolts aren't used because a

larger hole in the fork crown would be re-
quired at the ftont, weakening this highly
stessed area, while at the rear, a larger bolt
would just about sever the skimpy brake
bridge.

These six-millimeter bolts-an inadequate
size-also serve as pivot bearings on sidepull
brakes. Shimano has gone to a one-qualte!-
inch (0.14-inch larger) section outboard of
the six-millimeter part ttat fts in the bike
frame, while Universa.l, Modolo, and Galli
use eight-millimeter (.315-inch). Beefing up
the pivot post is a good idea, but the mou[t-
ing end of the bolt is still six millimeters
where it enters the frame aIId that's where it
will bend. There is a remedy for this, how-
ever: if the mounting bolt is tightened very
tightly, so the er arged flarge in the middle
of the mounting bolt is pulled very hard
against the fork crowr or bmke bddge, the
main portion of tle mounting bolt wil be in
pure tension ard it will not bend.

But, the rnanufacturers use a flange of
small diameter, and they taper the side that
contacts the fork crown, so that instead of
the nearly tkee-quarter-inch diameter con-
tact surface available on most bikes under-
neatl tle headset bearing cup, the flange
used is as litde as .500 inches (Dura-Ace) or
.575 inches (Campagnolo). I've never found
one over .650 inches (universal CX).

BIake manufacturers do['t exploit tåe me-

t0

chaaical principle of pure tension that could
be so effective irl securing tlrc ftont blake.
They simply make ftont afld rear the same,
for convenience in manufacturing, and make
the flanges small enough for the rear brake's
bridge mounting surface. As a result, puIe
tension is not achieved, so under hard brak-
ing the mou[ting bolt stretches, the flange
loses contact witl the frame, and the caliper
flexes.

0ffset Hardware

Because of the thin, flexible six-millimeter
mounting bolt, manufacturerc keep the cali-
per arms,pivot point as close to the bike
frame as possible. Then, to make sure tlnt
brake shoes clear the fork or seat stays,
they offset tle brake shoes outward from
the plane of the pivot bearirSs and outward
tom the ends of the caliper arms. Thus, a
hard application of the front brake causes
greater pressure to be applied oo the rear-
ward ends of the bmke shoes causing squeal-
ing, chattering and grabbing. Ideally, the
center of each brake shoe should be in line
with each arm's center and pivot bearing, so
that more uniform pressure exists along the
length of each blake shoe.

To secure a cable, some brake manufac-
turers use up to nhe pieces of hardware. In
order to prcduce the arms more cheaply and
easily, the upper arms are more or less flat,
and the cable hardware projects sideways
out of the arm ends, pulling tle cable out of
the plane of the caliper arms, This misalign-
ment is anotler source of flex. Both arms
should have rotatable hardware, so that on
wide or narrow dms, with new or worn
pads, the cable core and casing will always
be nicely aligned,

Quick-Release

Because blakes work so poorly and haye
such weak, flexible parts, it's necessary to
dde \a,ith the pads quite close to the rims, so
that no mattel how hard you squeeze and
how much the whole system flexes and
stretches, the lever won't bottom out on the
handlebar. If you break a spoke or bend a
wheel, the pad-to-rim clearance can be in-
creased with a quick-release, a.llowing corr-
tinued riding. albeit with dangerously in-
adequate lever travel.

The other uses for a quick-release are to
allow fast wheel changes during a race, or
wheel removal when parking your bike,
without having to readjust the brale after
reinstalling the wheel. But why have a quick-
release at a.ll? [t just adds weight and cost.
Why not desip a brake that doesll't need a
lot of reserve lever travel, so there's always
enough clearance for the tire to slip through
the pads?

Logically, there should be as little lost mo-
tion or "sponge" in the system as possible.



Orce the pads contact the rim ftrnly, the
braki[g effect should be controlled by how
hard you squeeze, ratler tlan by how far
you move a spongy lever.

La$ But Not Iæa$

Finally, consider the brake pads, the parts
that do the real work of stopping a bicycle:
Why are they made with slots alld grooves?
At fust glance, these gooves act as escape
routes for wate! and dust, keeping these
ftiction inhibitors out ftom between pads and
rims. After all, tire treads must be grooved
to mahtain traction on wet loads. But a roll-
ing tire at each hstant is in stationary con-
tact with $e road; any water between tire
and load will be squeezed out and chameled
away by the tread gooves. A wheel rim and
brake pad are in sliding contact, and only the
scraping action of the pad's leading edge can
remove water from a wet dm.

Fred Delong, in his book Guide to Bitlcles
& Bicltling, states "slots and grooves in the
brake blocks gave poorer, not better, perfor-
mance." ln the rain, these gaps simply pro-
vide openings for more water to enter.
Thele's also less friclional material in
grooved brake blocks, and the free-standing
buttons on many pads bulge sideways when

compressed agai[st the rim so that lever
travel is vasted and the feel becomes
sponSy. This can be dangerous when the
conditions are wet, because, as Delong co[-
tinues, "Block compressibility, especially
when pads are severely slotted, can be so
great that the lever may bottom (on the harl-
dlebars) when the exba force reeded fo! wet
stops is used."

Another pmctice meant to improve bmk-
ing in wet weather-but actua.lly 'worsens

it- is texturing the sides of the rims. The
knurls and dimples impressed ioto the dms
are supposed to provide a rough sudace for
tle pads to grab, but these rims have been
dubbed "revolving reservoirs," because
each dimple ånd groove captures and cafiies
a drop of water to the brake pad. So, while
textured rims may enhance dry weather
braking, they mahe things worse in the rain.

Two years ago, cyclists were offered a

major improvement: aerodlmamics. If you
threw away your brakes entirely, thus re-
ducing their wind resistance to zero, your
bike wouldn't go one-quarter of a mile an
houI faster. So how on earth could you either
measure or feel any improvement ftom
rounding off the brake parts? And to achieve
this rounded look, one manufacturer has
made the shoes totally non-adjustable, forc-
ing the use of thy boat-shaped friction pads

that vear out very rapidly and don't stop
very well.

Othe! attempts to improve braking have
been ludicrous: Brake shoes that slide
against a wedge or lamp so that slight hand
efforl can create great pressure on the rim:
compound or vadable leverage caliper arms
that are touchy to adjust and can overact and
jam in dry weather; hydraulic brakes that
add cost and complication while offering no
real advafltages; toggle action linkages that
create too much shoe pressure and can jam
or go over-center, etc. Collectively, they are
like "curing leaky fountain pens by wearing
rubber gloves. " They all attåck tte problem
at the wrong end, offering solutions no bet-
ter than squeezing harder.

Cyclists are['t being served very well.
They should be able to find more rigid and
effective brakes that weigh even less than
the lightest now available. But today's top
brards of conventioflal calipe! brakes are re-
ally nothing but a highly polished collection of
very bad ideas.

All of these problems, drawbacks, aod
mistakes could be corrected with just a little
tlought, effort, aIId ingeruity. It has been
såid that those {,ho criticize should a.lso offer
solutions. We'rc working on them. Let oth-
ers do the same. At least we've spelled out
the problems.

SPECIAL REPORT

0n Scott's Brake

Doug Roosa

When ,re first received Ed Scott's manu-
script on caliper brakes, it sent a small shock
vave through Biåø ?eclr's office. Reactions
were mixed: some were offended with his
wholesale condemnation of caliper bnkes;
othe6 were amused at his disrespectfirl atti-
tude towards brake designers and manufac-
turers; others weren't impressed with his
arguments.

After all, if a bicycle's bmkes are strong
enough to allow the rider to do a front wheel
stand, tåen suely they deliver all the brak-
ing power one needs. Most bike brakes can
do this with ease, Since a healry-handed ap-
plication of the brake levers can lock botlt
wheels, why condemn the current lot of cali-
per brakes when tie weak link to effective
braki[g is either tle rear tire tractiofl or the
threat of pitch-over?

No bike brakes work effectively in the
rain; but, again, the limit to stopping a bicy-
cle on a wet road may be in tle available

tmction.
But ooce our emotiona.l fuor lelded to a

more analltical attitude, it became clear that
Scott's arguments centered atound otler
problems that Eevent a rider from using his Figur6 1: Tho Scolt brake has little llex in lts helty caliper arms and dir€ct cablB muting.

1t



or her caliper brakes to tieir mal(imum po-
tential, Pelhaps the design of a bicycle brake
could be improved in a way that gives it an
extra degree of "feel" by making the brake
more responsive to the rider's input, and by
making it simpler and safer.

If the World Were Perfect

Should an ideal brake system flex when
you squeeze it, or should it have rcgligible
motion upon application? There are argu-
ments for both sides. Some experts, notably
Shimano's assistant manager Shinpei Oka-
jima, have told us the cyclist carl control the
bike better if the lever moves when it's
squeezed harder. A physical change h lever
position is less abstract than a change in
muscle tension,

Not all well-designed control systems be-
have this way. though. and Ed Scott is
clea-rly in pursuit of the viltues of a no-
motion system. Let's look at the attmctive
aspects of the no-motion approach: Consider
a brake lever tlat doesfl't move when you
squeeze it. This can be imagined if the
brake's pads are allowed to ride infnitesi-
mally close to a perfectly true wheel and all
the mechanical compolents are perfectly
dgid.

An application of force at the haod lever of
tlis idea.l brake would instantly engage the
pads to the rim. Minirnizhg tle motion in a
brake is quite desfuable because a brake's
sole duty is to transmit force, not motion.
Motion requires an amount of time to com-
plete; any time lag between force application
at the brake lever and response at the pads
lengthens the braling time.

Additionally, if there is a lot of mechanical
flex, or sf,onge, in a brake, there is a re-
sponse lag between the application of a force
at the lever and the appearance of this force
at the brake pads, because all the iexible
parts must "wind up" before they will trans-
fer the i.rll force. Also, ftiction in the cable
and pivots degrades a brake's response be-
cause it absorbs an amount of force put in at
the lever.

Too Much Motion

Of coulse, motion in a mechanical brake ts
inevitable: no wheel rims are perfectly true
and no mechanical parts are perfecdy rigid.
And to get a large enough force at the bmke
pads, a caliper blake needs a built-in me-
chanical advantage that multiplies the rider's
hand force. To get this force multiplication,
though, any small movement of the pads to
the rim requires a much larger movement at
the hand lever.

Every cyclist is familiar rvitl the conse-
quences of too much lever motion: the leyer
feels too pliant and flexible in your hands.
It's often possible to flex the lever all the
way to the handlebars, particularly when
braking in the rain.
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Figure 2: A side.by-side Gomparison bot$reon componenls 0l thc Scolt brake and a
Sunlour Supelbe sidepull.

These sources of built-in slop in existing
brale mechanisms cont bute to vague b!a[e
response. According to Scott, this means
the rider carurot opente his bmkes with opti-
mum performance and safety.

The Alternative

With some prodding, Scott sent us the
only working prototlTe of his alternative
brake design.

As Figure 2 shows, his bmke has all the
same pieces as a sidepull. but tie striking
difference is in the comparative proportions
of tle pieces. Note the thick calipers, the
long brake pads, ard the large diameter pivot
bolt. Piece for piece, the Scott brake dwads
a standard caliper brake.

The caliper arms are square in cross sec-
tion with rounded edges. The two arms are
identical, which reduces tooling and part
stocking costs. They interleave at the pivot,
like a piano hinge. Delrino shims tighten up
the tolerances in the hinge, so there is no
side-to-side slop. The pivot bolt, sheathed in
plastic, provides an ample lorv-friction bear-
ing surface. 0 measured the pivot bearing
area to be about two-and-tlfee-quarters
times greater than that of a good Campy-like
sidepul.)

The brake pads are the expected Scott/
Mathauser compound-in both size and

appeannce-but they are mounted unlike
any other brake pad. Each backing plate has
an attached tube though which a hex head
bolt passes and threads into the bottom of a

caliper arm. Sandwiched among each mount-
ing bolt head, backing plate tube, and caliper
arm end, are two conical washers that allo$,
a small amount of aflgular adjustment of the
pad off the perpendicular from the arm. This
a.llows the pad to meet the rim squarely, ei-
ther in the radial or lateral plane, Toe-in can
be simply set by loosening the mounting
bolts and swiveling the pads. (Scott's recom-
mendation for toe-in is to engage the pads on
the rim, loosea the bolts, place a business
card between the back side of each pad and
the dm, and retighten the mounting bolts.)
Regardless of the pads' orientation to the
rim, they always remain on the center line of
the calipers.

Scissors Action

The caliper arms are actuated from the
top, like a pair of scissors. The cable, its at-
taching hard.eare, and the tops of the caliper
arms are a]l aligned both in the plarc of the
caliper arms and with the centes of the
brake pads. All the cable attachment hard-
ware is ftee to rotate in the caliper arms.
The cable mns tlrough a tlreaded adjust-
ment barrel aad is secured with a twoaiece
bolt. similar to a seatpost boh. The bolt is
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Figuro 3: Tho large pivot and brake pads can lirmly clamp a wheel rim.
The T.slot at the back 0l lho pivot allows lhe caliDer t0 slide up and
down 0n the head 0l th8 mouhling bolt t0 adjusl drop.

Figure 4: A variely 0l lightlieighl matcrials and sev€ral lightening
holes otlscl tha brakc's massive appearance. lt actually wclghs
less than mosl sidepulls.

slotted up the middle like a clothes pin. The
nut has an intemal siiding wedge ard re-
tainer pin. WitI the cable in tle slot and the
nut threaded up, the wedge forces the cable
into fum contact with the end of the bolt's
slot. Since the wedge is made of bronze and
the end of the slot is machined, the cable suf-
ferc no flattening or kinking.

As Figlre 1 shows, tle cable enterc the
Scott brake lever, which is a Modolo a.lumi-
nurn lever, from underneath, so tåe cable (at

leasl for fie &onl brale) is as short as possi-
ble. The cable attachment hardware is re-
versible, so the cable can connect to the
brale iom either side.

The caliper assembly attaches to the bicy-
cle with the usual six-millimeter bolt. The
head of this bolt fits into a slotted mounting
boss behind the pivot (see Figure 3). As in a

Shimano Parapull bmke, the caliper can be
positioned for the proper reach by sliding the
calper on (he boh head. Once the reach is
correct, a nut tightens the whole assembly.
The brake's reach extends ftom 40 to
mm, and carn go up to 60 mm urith a simple
set of extender bolts amd bushings. (l tried
this extender set-up and found that it pre-
sented no problems.)

Metallurgist's Delight

Don't be fooled by the appearaflce of
Scott's brake. [t ]ooks massive but it's actu-

ally lighter than most sidepulls. A compan-
son on our triple beam balance revealed the
following weights:

Modolo Professional 196 gams
Shimano 600 171 gams
SunTour Superbe Pro 167 grams
Scott/Mathauser 152 grams

How does such a massive looking brake end
up being so light? It's aI h the materials,
The calipers are machined out of a solid
block of aluminum. The pivot is an aluminum
bolt. The caliper mounting bolt is made from
aircraft-grade, heat-treated titanium, as are
the brake pad mounting bolts. The backing
plates for the brake pads are made from
magnesium alJoy. FinalJy. lhe cable altaching
hardware is stair ess steel alld the threaded
adjustment barrel is plain old chrome-plated
carbon steel. Throw in a couple of Delrin@
washerc, a plastic sleeve, and a steel spring,
and you have 156 grams of exotic materials.

Front and Reu

The appearance of the Scott brake also
suggests rigidity and here there are no su-
pdses, Gone is any hint of flex in the caliper.
Gone also is a quick-release. The only de-
tectable sponge in the brake is in tle lever
aad cable. This sponge is insignificant in ac-
tual use, because the caliper is so rigid and
the pads have such a high frictional coeffi-

cient, that orJy a light touch on the brake le-
ver generales a massive amounl of braking
power at the wheel. To give you an idea of
how powerful this brake is, I installed it on
tle rear and found that, even with a drastic
rearward weight shift, the rear wheel would
lock instantly. It performed like a switch-
either the bralrc was off, or the wheel was
locked.

On the front. though, it proved quil.e effec-
tive. Sometimes. When installed on one bi-
cycle, it $,ould bring that bike to a halt
quicker than any other single brake I've
used. Part of the difference was in the quick
response of the no-flex mechanism; part lay
in the aggressive nature of the high fricrion
pads. I approached the braking limit ginge y
because {ithout conscious bracing and
weight shift, I invited pitchover. The Scott
brake makes things happen fast.

Trouble Springs Forth

But when I installed the Scott brale on the
front of another bike, it caused very disturb-
ing behavior An appJication of the brake pro-
duced an oscillation in Lhe hont lork so h-
tense that I had to release the brale for fear
of either losing control of the bike or doing
damage to the fork. Repeated adjustment of
the brake and dressing of the pads made no

What is curious about this behavior is its
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inteosity on one bike, but its absence on all-
other. I suspect that the root of the oscilla-
tion lies in the materials and constluction of
the two different forks, and how they react
to the povlrer of the Scott brake. When the
brake is applied, its large clamping force mo-
mentadly locks the wheel ritn, but tle large
weight transfer increases the iont tire's
traction, so the wheel camot skid.

These two large externa.l forces cause a
rearward flex of the fork, but as the fork is
pulled back, it behaves like a spring: its in-
ternal restoring force increases as it is dis-
placed from its equilibrium position. The re-
storing force increases with deflection until it
gets large enough to break the pads' hold on
the rim; the pads and dm then enter slidilg
fictional contact (which is a smaller ftictional
force ttmn the static force). The fork springs
back towards its equilibrium position, but
like any good spdng, it oyershoots equilib-
rium. At some point in this forward motion,
the brake pads regain a static hold and, {dti
the help of the fork's restoriDg force (which

is now pointiflg towards the rear), pull the
fork back again.

The conditions are reset and tlle oscillation
will continue as long as the brake is engaged.
This cycle occurs in a ftaction of a second, so
the fork judders.

Pervasive Problems

If this is nhat happens, ther it must occur
to some degree on a.ll front forks with any
brake. Why was the oscillatio-n noticeable
or y on one ot two bikes tlat had tle Scott
brake, ard why is it not noticed with other
brakes? The answer to the second question
may be that if it does happ€n on a bike witlt
regular blakes, it's eitle! too mild to notice
because the pads can't Erab tightly ercugh,
or else the brake ca.lipers are so flimsy ,fu,
go into oscillation, rather than the more mas-
sive and tightly sprung front fork. (This may
explain the screeching and squea.ling that oc-
curs with some tont brakes-the calipers
oscillate, causing a vibratioo betwee[ the
pads and rim that is in the audible range of
frequencies.)

The answer to the frst question may be
that some forks are rigid enouSh to with-
stand tle braking force of Scott's brake;
some ate['t. The fork that juddered in the
gfip of Scott's brake was built with Colum-
bus SL tubinS; the other is not rnarked, but I
suspect it is a heayie!, Tange fo*.

Reprieve

For an additional test, I installed Scott's
blake on a tandem with beefy, oversize fork
blades and a massive crown. The results
were very favorable: the judder was gone,
and the brake gave a 6rm, stiff feel at the
lever. Braking power was governed more by
the amount of force applied thao by leve!
motion. Two experienced taldem captains

said it felt about the same as a pair of top-
quality cantilever blakes.

(Unfortunately, I didr't have the opportu-
nity to'use Scott's brake in the rain, so I
don't krcw if his brake is any more effective
at displacing water tom the rim than any
other.)

Room to Improve

I doubt that all manufactuers will beef up
the front ends of theL bicycles to accommo-
date larger braking forces, so it is impoltant
to gauge whether your fork is stout enough
to handle the braking forces available from
$e Scott brake. His brake is very effective
on a tandem, although most tandems made
now use cantilever bmkes and tierefore may
not have the proper mounting hole for a cali-
per brake.

I would have to view Ed Scott's prototlpe
brake as I would a precocious child-it has

moments of brilliance, but needs maturation
in its design. As it stands now, it is the most
powerful and rigid brake I've ever used on a
bicycle, but it is too strong for some bicycle
follt ends, It is also too touchy to operate,
as evidenced by its eagerness to lock the
rear wheel. And it offers little in the way of
modulation, so effective speed control would
be diffcult. Some power brakes on automo-
biles lack this discriminating kind of control.

I believe the main problem with the brake
lies in the pad compound, Scott/Mathauser
formulated this compound to help regular
brakes provide good stopping power in spite
of their weak arms ard pivots. But used on
the beefed-up Scott caliper, these pads are
too grabby. Perhaps with a less aggressive
compound, the Scott brake would allow
more control in scrubbing off a wheel's rota-
tional energy. This change would not affect
the bøke's real stengths-its rigidity and
responsiveness-but would let these
strengths be used to their fillest,

IDEAS & OPINIONS

We at Blke Tech welcome reader ifitut.
Whether lota corl.rfient on øfi article, suggest
tolics ue shouw rebolt on, lrolose tests to ah-
swer naging questions, or Proaide insight
ifi.to the current and futule stute of bklcling,
ue a.re i .terested. in twut idzas,

We hbott that fia$! reade^ a/e engaged in
designbtg aM develoriflg better biclcle corn o-
.e .ts a.nd. hurrøn Poaered aehiclzs. We hnou

that rnah.! othels haae th. c iositg ønd hnoui-
?dgQ to challenge tha crtent state of bicldi»g
sciznce. Ahd ue h ou lhat eoeqone hos ideos

qbout haw to imqlooe the unique nlatbnshif
betu)een bictcle a d ider.

This siace uill be a lorum for yur idzas,
Besidts thc usual lettels to the ditor, it uill
ih.lude lertinent obsematians abotut thz cu/-
lefit state of bictcles aad HPVs, suggestions

for future dilecrin rs iø bkyling, and ifuas
about leseørch and d4oelo?ment that øill add
to lhc collectioe hhauledge of the slolt,

We hofe yu uill fiad søh an *rhange of
ideas rewarding aød that ,ou uill he stim -
lated to contribute joul oLM thaughh.

Pedaling Speed Research Planned

The present consensus on pedal speed
during cycling faining and racing is that, al-
though there may be some loss of mechani-
cal efficiency, highspeed peda.lhg can be tol-
erated better than low-speed pedali[g at a
given rvork rate. The basic Etionale for this
is that blood llow is resticted less if the
muscle tension is less, as in the case of tåe
higher pedal speeds.

The problem of remaining seated or stand
ing to pedal when the work rate is near maxi-
mum may also be related to the ploblem oI
optimiziflg blood flow to the leg muscles
ratie! tian optimiziog caloric expenditure.
The difficulty in obtaining answers to these
questions is that very little rvork has bee[
done measuring leg muscle blood flow during
cycling.

We have conducted a pilot study by mea-
surhg blood flow of the thigh with electrical
impedance plocedues immediately after ex-

ercise ir an attempt to obtain an index of the
muscle blood flow during exercise. The
results were somewhat surprishg. We ob-
served that muscle blood flow immediately
(- 13 seconds) after the high pedal rates
was less than that measured after the lower
pedal rates. It is possible that the high pedal
rates (100 rpm) do not allow sufficient time
(short relaxation period) for adequate flow
even with reduced muscle tensions dudflg
tle contraction phase. If this is true, then it
is suggested that there is some optima.l pedal
speed at a given work rate which would opti-
mize muscle blood flow.

These are preliminary ideas based on a

few observations. Much more vork needs to
be do[e. Before we can proceed, we wallt to
6t a racing bike (preferably the subject's
bike) to a stalldard ergometer so tJlat we
know precisely what the work rate of the in-
dMdual is under various combinations of
pedal speed and gear selections. The second
thing we need is a mpid inflation system for
thigh blood pressure cuffs so we can make
the blood flow measurements immediately



( < 2 sec) after the exercise and before reac-
tive hyperemia occurs.

As soon as we procure the necessary
funds and equipment, we hope to Eoduce
results tlat rdll furthe! defne the body's
preferences for pedaling speed.

James L, Hodgson
State Collese, PA

Questions About

Dr. Zwal en's research was for a lawsuit
to demonstrate defects of rear reflectors. I
don't contest his measuements, but the
items he measured and cited from other
souices do not apply to normal use or to typ-
ical accident situations. I know: in the trial,
Delong and Zwal en testified on one side, I
on the other! Before I could testify, the law-
yer on their side settled for only 15 perced
of the claim, a good indication of tIe weak-
ness of the evidence.

Publication of Zwahlen's paper by the
Transportation Research Board failed to
meet normal scientific procedures and stan-
dards. The paper had beeo reviewed by the
TRB Lighting Committee, but not the Bicy-
cling Committee, which comDlained that sev-
eral papers would not have been accepted if
reviewed by experts on bicycling. I know: as
a member of that cornmittee, I complained in
writing to TRB management about
Zwahlen's paper.

Furthermore, Delong has garbled the
sense of Zwal en's paper, reporting state-
ments Zwahlen did not make. I comment on
the following technical inaccuracies:

1. Ey fi.ratiotrs: The technique of show-
iry the pattern of eye fxations is not origiral
with Zwal en, and his particular results do
not demonstmte that drivers would not see
cyclists in time to steer clear. Rather, they
show that drivers on an bmpty road in dark-
oess spend a coNiderable portion of the
time looking where a cyclist should be. Fur-
tlermore, the pattern of fixations on an
empty road may not be the same as when a
cyclist is present-eyen before conscious
recogdtion,

2. Required løm! brighlnøss.' Zwallen did
not "determine[d] that the intensity of the
lamp must be 1,000 times the tlreshold of
perceptibility . . . to gain the driver's atten-
tion 98 percent of the time. ' Such low effec-
tiveness would cause a horrendous accident
rate. Rather, Zwal en used data developed
to determine the bightness contlast re-
quired for airplane pilots to fird airport
Iamps, a more diffcult situatiol; the trarls-
fenbility of corclusions is suspect. To the
conrast needed for a 98 per.ent rate for pi-
lots, Zwahlen nonetleless arbitrarily added a
1000-time safety factor.

3. Detected dishrnce: The "decision sight
distance" cited by Zwahlen is the distance
traverced by a velucle as the driver recog-
nizes a need to change lanes, finds a gap in
adjacent traffic, and executes the lane
change. This is not comparable ro the acci-
dent situation considered, in which the
driver must move ody two or three feet to
the left.

4. Peilheløl delection: Zwallen slates
that ''A peripheral angle of ten or 15 degrees
might be the most representative . . . for
night &iving conditions, " and he investi-
gated such performance. This would be be-
yond the left and right margins of the plot of
eye fxations in Delong's article. These pe-
ripheral regions are lar from where a driver
devotes most of his gaze-on the road

ahead. Such an assumption is flot based on
actual accident situations and requtes that
Iamps and reflectors be far brighter than ac-
tual traf6c conditions require.

5. Bicyclist recognitioa,' For tie conditions
under discussiofl, the diver need not "rec-
ognize the bicyclist, estimate size and speed,
and so be able to anticipate the bicyclist's
maneuvers." The bicyclist has only one
proper course: to contrnue saaight along the
edge of the roadway. The motorist has only
one proper course: to steer clear of the ob-
ject alead. Whether the mororist recognizes
the cyclist is beside the point; if he thinks the
cyclist is a stationary object, the cyclist's
speed will give the motorist a little extra
time to steer clear.

6. Angular fieM of oieu of reflectors: De-
Long and Zwahlen both claim that "wide-
angle" reflectors work on curved roads,
while "narrow-angle" (20 degee) reflectors
do not. The claim is false. For a curve giving
a conservatively high 0.29 lateral accelem-
tion of the overtaking motor vehicle, with a
te!-mph bicyclist speed, I calculate that the
reflector is within 20 desrees of facing the
motorist for more than six seconds at all mo-

Bending Frames

Colgratulations to Jacquie Phelan and
Charles Curuingham for their article on de-
structive testing of steel and aluminum
ftames (August 1983, Bike Tech). However,
I feel a few points must be addressed:

1. The tests did not take into account tie
effects of wheel and fork, both of which
are likely to deform before the fame
does. With this in mind, what exactly
does the data prove? We all know steel
tames are stJong enough; is there a

Eactical benefit to a stronger ftame?
2, Figure 1 states that the vise supporting

tlr frame aldjack assembly "is not in-
volved in the test forces. " How was
this conclusion arrived at? lt would be
interesting to do the tests by simply
laying the whole apparatus on the floor
to see how the data compare.

3. The frames tested were loaded (or
stmined) at such a low rate that the
tests can be consideled static. In real-
ity, ftames involved in accidents are
loaded dynamically. The strength of a
metal depends upon the rate at which it
was strained. Generally, the higher the
strain fate, the stronger the metal. If
you could devise a test which suddenly
delivers a load, of say, 1325 pourds
(which is the static load needed to per-
manendy deform the aluminum frame
tested) , you might §nd a greater load is
needed to cause failure. In addition, a
steel fame tested similarly may reveal
failure loads more comparable to the
aluminum frame.

4. Coogratulations to Steve Potts and
Scot Nicol for putting their names in
print along with their product.

Mario Emiliani
Contribnti,|,g Ddrtor, Bihe Tech

Reflector Refutation

The lamp and reflector article by Fred De-
Loflg rÅrith John S. Allefl, h the August B,åe
fucrr, is unscientific and is biased against rear
reflectoB. lts errors start with the research
by Dr. Helmut Zwahlen on which the article
is based.
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todst speeds over 20 mph. The time period
is longer at higher speeds.

7. Folse coribarbok betueen CPSC and
SAE reflectols: Zwahlen, Delong and Allen
compale tle minimum reflective powers of
CPSC and SAE reflectors, and conclude that
SAE reflectorc are not as bright. But nobody
recommends using reflectors that barely
meet the SAE brightness requirements. The
recommended reflectors have the 20 degree
angle design of SAE reflectors, but are much
larger and much brighter. They are marked
SAE in order to be laldd for use where SAE
reflectors are specified.

The laws of optics and the available mate-
rials prohibit a single corner-cube reflector
element from operating over 100 degrees of
arc (as requted by the CPSC). Therefore,
CPSC reflectors must divide their effective
area into three separate areas, each cover-
ing a single, smaller arc. The SAE reflector
can use all its area over the 40 degree arc,
with half of its area effective for a fev more
degrees on each side.

8. Undue et,lhasis ok tall uehicles, cumes
afid. aerticøl cumes: We a]l know that reflec-
tors are less optically effeclive when associ-
ated with tall vehicles, curves, and vertical
curves. However, Kenneth Cross's studies
revealed no accidents caused by this.

9. Urdue rcncen about refl?ctiuitJ at irl-
termediate distances: Delong and Aller don't
give a quanl.itative example. but using their
logic, a reflector actually matching the SAE
specifed minimum performances at 0.2 and
1.5 degrees will get dimmer as the driver
gets closer thar 600 feet. BotI Zwahlen's ta-
bles and practical experience show that such
reflectorc are not made.

No investigations of which I know have de-
veloped scientific grolmds for concludiag that
rear reflectors of tåe better tlpes commonly

available are unsuitable for cyclists to rely
on.

John Forester
Sunny'vale, California

John Allen replies:
I find points 1 and 4 incontrovertible, but I

have some problems with the others. In 3, a

motorist may indeed have to change lanes to
overtale a cyclist. In 5, failure to account for
a cyclist's forward movement may lead a

motoist to underestimate passing distance
and to be forced to pull in too soon.

In 2, Zwahlen's 1000-time factor is a$i-
trary, but how is finding an airport beacon
more difEcult than findhg a bicyclist's rear
reflector or taillamp, which may compete
with oncoming motor-vehicle headlamps?
Forester has repeatedly stated that reflec-
tors should be bdght - as in his support of
SAE reflectors in 7; experience shows that
or y the better reflectors match the bdght-
ness of automotive taillamps.

ID 7, tlere is litue argument: the article
stated ", . . the actual performance de-
pends on the quality of manufacture . . , it is
harder for a [wide angle] reflector greatly to
exceed its standard. "

Similarly, the issue in 9 was raised by
Zwahlen on the grounds that some manufac-
turer ,tight male such reflectors. As For-
ester states, Zwahlen's own tests show that
they are not made; but if they come to be, it
won't be the first time performance has
been downgraded to a specifcation.

The matlematical analysis in 6 is convinc-
ing, yet it is far from representing worst-
case conditions in which several adverse åc-
tors reduce reflector effectiveness. Zwahlen
has in fact provided a compelling mathemati-
ca) model of a case in which poor reflector
visibility on a curve led to an accidert (see

"More Light arld Less Heat," Biqclikg,
April 1980).

Forester's point of view is impoltant and
welcome; he is always frst to set a high
standard of iNuky and to defend cyclists
against ftivolous and burdensome legal re-
quirements. Like many conscientious cy-
clists, I agree with him about keeping the law
conservative and about the poorer visibility
of CPSC reflectors direcfly behind; but I
nonetheless use more than the legal mini-
mum of nighttime equipmenr, preferring
added conspicuity for the worst-case situa-
tiom even iI significant reduction in risk has
not beefl proven.

Superior Image and Vrntage Hand

Cleaner

In response to your request for informa-
tion from your readership about various dis-
coveries, I would [ke to share the following:

1) If you drinli fust aod work on your bike
second, the dumbility of repairs is very
questionable .

2) Cheap wine is seldom of any value other
than to use for hand cleaner,

3) It's helpfi.I to have a chemist in your cy-
cling .lub. We have arcess ro a tasi-drying
solvent that keeps our chains aad bearings
the cleanest io our area,

4) [n order to preserve an image of rechni-
cal superiority and seriousness, subscdbe to
Bike Tbch utd teler to it often while on bike
ddes with others-

Sincerely and seriously (sort o0 yours
Suzarme B. Toomey, Correspondent
Bombay Bicycle Repair Club
Buffalo, New York

We'd like Biåø Tech to serye as ar infor-
mation exchange - a specific place where
bicycle investigators can follow each other's
discoveries. We think an active network
served by a focused newsletter can stimulate
the 6eld of bicycle science considerably.

To serve this function we need to hear
from people who've discovered things. We
Ltow some of you a.lready; in fact some of
you lrrote articles h this issue. But there's
always room for more - if you have done
research, or plan to do some, that you want
to share v/ith the bicycle technical commu-
nity, please 8et in touch.
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