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Introduction

Why another book on cycling? Since the bicycle
boom in 1973, dozens of books about bicycling have appeared, but
few of the books answered the questions many people were
asking. The C.ON.I. book, Cycling (Rome F.I.A.C,, 1972), cameas
close as any, yet it leaves more questions about bicycles unan-
swered than it has been able to answer. More and more riders are
now interested in top-quality equipment but as the price of the
equipment increases, the available information decreases.

After owning and operating our own hicycle shop, we dis-
covered that few people are knowledgeable about the design and
intent of qudity bicycles. For instance, the vast mgority of
cyclists we met were riding bicycles that were far too big for their
physiques. Frequently, equipment had been misused or broken

se the owner did not know how to use it. Worse, many
so-cdled "bicycle people” didn't redly know their products.
Many were attracted to cycling because it became "the thing to
do." Because of the demand for sports bicycles, 10-speed bicycles
were sold by mail order, in ski shops, gas stations, and mgor
department stores. Many inexperienced store owners selected
their stock of hicycles by appearance or because the markup was
good. How many redly knew the difference between a bicycle
made out of tubing and a bicycle made out of pipe?

As we began outlining the content of this book, we realized
that our objectives were complex and they appeared, a firs
glance, to be the subjects of two separate books. We believe that a
review of our objectives will daify the organization. Our first
objective is to "demystify" the quality bicycleframe. We want to
present an accurate description of the "why's" behind the design
and manufacture of the modern hicycle. We fed that the whole
aea of frame design requires explanation since a framne, or
component, isn't “the best” by definition alone.

We wanted to supply an answer to the dl-inclusive question:
"What makes a given frame, or component, appropriate for a
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pecific use?' To supply the answers, we went to some of the
most famous frame builders in the world. Whet better way to learn
about the litle-known art of frare building than to persondly
vist the mesters?

To put their idesss methods, and opinions into proper
perspective, we devote a chapter to each builder or company. In
this way we diminated any persond bias and, at the same time,
provide the reader with a bads far comparison among builders.
Furthermore, we were ddle to present pertinent biographica
information on the builder. We fed that the reeder's interests are
best served when he or she can evauate each builder's experience
and training as wdl as his design philosophies. This method of
presenting the materid should dlow logica comparison between
individud builders and their techniques.

Our second ohjective isto provide the reader with a guide to
the proper sstup and use of a qudity lightweight bicyde. It is
obvious that not everyone needs a cusom frame Everyone,
however, can bendfit from the advice of an experienced coach.
Unffortunately, many riders in this country do not have anyone to
provide basic cyding tips. To answer this need, we prepared the
"how-to" sections of thebook.

The recommendations in the chapters devoted to bicyce
s=tup and riding techniques are supported by many of theworld's
cyding experts. The accumulation of the materids in the book
begen in 1961 when the author (Mike Kdlin) begen racing under
the coaching of Mike Waden in Detroit, Michigan. For those of
you who are not familiar with Mike Walden's coaching success,
hereisapartid list of riderswho have fallowed histraining plans:

Bab Travani 1948 Olympic Team

TonORouke 1952 Olympic Teamn, 1959 Pan American Team
Kal Wettberg 1956 Pan American Teem

Bill Freund 1960 Olympic Team

Roge Young 19721976 Olympic Team

ShalaYoug  1973,1976 World Champion

SueNovara 1975 World Champion

After winning four state championship titles and sarving asa
coach for the Wolverine-Schwinn Sports Club, Michigan, Mike
Kalin compared his persond theories with evary available expert
before attempting to publish the findings.
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Accomplishment of these two objectives (individua bio-
graphica sketches describing technique and design philosophies,
and bicycle setup) can best be obtained when the information is
presented side by side since the relationship between proper
frame design and the position of the rider is interrelated. For
instance, mogt frame builders design their frames far specific
weight distribution. How can the rider expect to optimize the
benefits of a top-qudity frane unless he or she is positioned
properly on the frame? Although mogt riders would redlize very
Little performance increase with a custom frame, understanding
Irame design theory can help the rider to choose a factory-built
rame.

One find word on the layout of the book. The builders
included in the book were selected by a number of subjective
criteriac popularity and/or reputation of the frame, the importance
of the builder in cycling history, unique innovations by the
builder, and willingness of the builder to provide us with his
time. The chapters are presented by country with builders in
aphabetical order. There are some obvious exclusions. Omission
of a builder should not be construed as a negative reaction to the
builder or his product. We were unable to visit everyone. We
decided to omit some of the famous builders who were sur-
rounded by rumors that were difficult, if not impossible, to prove
or disprove. For instance, many industry people claim that one
very famous builder hasn't built a frame in years for the genera
public. Instead, a small firm builds the frames and ships them to
the "builder" without decals. He has someone ingtall his own
decals and the public believes they are buying aframe built by one
of the recognized "masters." We chose to eliminate that particular
builder from the book since we were unable to adequately
substantiate or refute the widespread rumor. We were able to
determine, however, that few individua builders produce more
than 300 to 400 frames per year. (This can vary when the "master”
utilizes assistant builders or apprentices)) The previoudy men-
tioned builder had been producing a similar number until recent
years when he met demand for his product by an overnight
production increase that numbered in the thousands!

We hope that our fforts to objectively present the facts will
help you to enjoy reading this book as much as we have enjoyed
dedling with the many interesting personalities who made it
possible.

Michad /. Kalin Denise M. delaRosa



CHAPTER 1

The Bicycle Frame

The heart of the modern bicycle is the frame.
Unlike most other products, however, the bicycle cannot be
distinguished by its components done. For instance, the vast
maority of high-quality racing bicycles are sold with Campagnolo
parts (cranks, pedals, brakes, derailleurs, hubs), whether the
frame has been built in England, France, Belgium, the United
States, or Italy. One of the mgor subjects of this book isthe bicycle
frame. Let's take a look at the parts that go into a frame, and
consider the advantages and disadvantages of each of these parts.

Main Triangle

There are two basic methods for building themain
triangle of a frame with, or without, Jugs Generdly, lugless
frames are found on inexpensive hicycles since it is the least
complicated of the two methods of construction. Extremely inex-
pensive lugless frames are usually made of pipe (unlike a tube
which is seamless, a pipe has a seam and is considerably less
expensive) and welded together. This method of manufacture is
wholly satisfactory when light weight is not important—strength
of the joint is accomplished by heavy, thick-gauge pipe, or &
some refer to it, welded tubing. Thistype of design isintended for
utility use rather than performance. In some rare instances,
high-quaity superlight bicycles are constructed without lugs.
These are generally specia-purpose bicycles that receive very
special assambly and trestment. The vast maority of quality
lightweight bicycles are built with lugs.

The purpose of the lug is smple. It provides a grestly
increased brazing area and the benefit of additional strength
without a large weight pendty. The lugs in figure 1-2 are a
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Figure 1-1: Themaintriangle.
sample of the lugs available from the Italian firm, Cindli Cino & C.

There are other manufacturers who aso produce a wide variety of
styles and designs including Prugnat, Agrati, Hoto, Bocama,

Down Tube Lug
Top TubeLug Sedt Lug

Figure 1-2 Lugs manufactured by the Italian firm, Cindli Cino & C.
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Nervex, and Haden. All of the frame parts illustrated in this
chapter arefrom Cindli Cino& C.

There are two basic methods of stedl lug manufacture—
pressing and casting. Thecast g is rarely used anymore because
it is fa more expensive than a pressed lug, and it is virtualy
impossible to adjust the angle of the lug as required in custom
building. Furthermore, it tends to have small perforations caused
by the casting process that are difficult to file out, and has
incongistent thickness that increases the possibility of overhest-
ing the tube. The cagt lug, however, is consdered to be the
strongest lug available.

The pressed Jug is basically a sted pressing which has been
formed, welded &t the joint, and machined to perfect roundness.
The qudlity of pressed lugs has increased to the point where they
are dmogt aways used because of their adequate strength, rea
sonable cogt, and ease of use. The mgor lug manufacturers supply
them presized for the most popular joint angles. An additional
advantage with the pressed lug is its ability to be bent dightly if
the builder requires a unique angle because of design specificar
tions. We found that many of the larger frame builders carried an
inventory of the popular lugsin severd "normal" angles. Some of
the smaller builders relied on reshaping their lugs if the frame
they were building could not accept the standard 73-degree
angles.

The bottom bracket dso is available in cast or pressed stedl.
Many builders believe that the cast bottom bracket isrequired ina

Figure 1-3: Bottom bracket shell in cast stedl.
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racing bicycle because of the enormous stresses that occur when
pedaling. The cast bottom bracket (figure 1—3 is considerably
more expensive and it takes much more work to produce an
aesthetically pleasing finished product. An additional complica
tion for the builder is the customer's request for various threads
(English, French, Swiss, Italian) andwidths.

Although the tubing can be joined in the lugs using CO,
welding of oxygen-acetylene, bronze brazing is recommended by
the tubing manufacturers and is practiced by most quality buil-
ders. Mog builders we spoke to used the terms bronze and brass
brazing interchangeably. Bronze is relaively essy to use, it's
readily avalable, and it flows at a fairly low temperature with a
wide dispersion of heat. Excessve heat during the building
process is the number one enemy of the lightweight tube—excess
heat makes the tube brittle and prone to early falure. A popular
alternative to bronze is a mixture of silver solder, which is used
primarily with light-gauge tubing because of high cogt and
increased need of assembly accuracy. The subject of tubing will be
covered in detail in chapter 2 with a review of the two primary
sources of quality bicycle tubes: fieynodds and Columbus. At this
point it is important to understand how the frame is built using a
st of frame tubes.

A bicycle frame that has been properly brazed is worth much,
much more than the component cost of its tubes and lugs because
poor building techniques done will totaly eiminate the benefits
of using top-quality materials. Unfortunately, if the builder care-
fully files away his mistakes and does a first-class paint job, it is
difficult to tel if the frame has been properly constructed. Before
we discuss how to test a finished frame, let's look at the "right
way" to build abicycle.

Assuming top-quality materials are used, the strength of a
joint is dependent upon the fit of the components and the
proficiency of the person who brazes them together. If the gap
between the tube and the lug is too large, too much braze will be
required. If the gap is too smdll, too little braze will be able to
enter and insure the strength of the joint. The quality of the lug
and the builder's preparation to insure proper tolerances will have
adgnificant effect on the strength of the joint. The importance of
the fit can be best demonstrated when silver braze is used. The
properties of silver require that the gap between tubes and lug not
excead .003 inch to insure astrong joint!

One prime difference between mogt production frames and a
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Figure 1-4: Proteus Design uses a lathe to precisely miter tubes
before brazing. The tube is placed on the movable table which is
et to the appropriate angle of the cut. It is then fed toward the
rotating chuck which cuts a perfect miter.

custom frame is the practice of mitering al the tubes. Smply
stated, a mitered tube is shaped to fit around the tube it butts
againgt. The unmitered tube leaves room for movement inside the
lug under extreme stress. The tube that has been mitered cannot
move. Careful mitering can be time consuming, but its importance
is recognized by al expert frame builders. Surprisingly, some
so-caled quality builders do amediocre job of mitering tubes and
many of the smaller builders (even some of the famous European
builders) still miter a tube by hand. Greater accuracy isinsured if
the mitering processis done on a precision machine. Figure 4 is
a phatograph of the lathe that Proteus Design in College Park,
Maryland, uses to miter tubes. The tube is attached to a moving
plaform on the lathe and st & the angle of the frame to be
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produced. It is then guided toward the rotating chuck which cuts
a perfect miter. Premitered tubes can be seen on the shelves above
thelathe.

After the tubes and lugs have been properly sized and
prepared, the pieces are ready to be brazed, which introduces
another critical step. How does the builder hold all the pieces and
a the same time braze them in perfect alignment? Some builders
use ajig to guarantee that everything fits properly, doesn't move
around when being brazed, and maintains perfect alignment
during the brazing process. A typicd jig is relatively smple and
usually is designed and constructed by each individua frame

Figure 1.5: Fork jigs are usualy farly smple and variations
between builders are dight. This is a jig used by Bab Jackson
(chapter 5). The fork has just been brazed and therefore has avery

rough appearance.
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builder. The variation in jigs reflects different construction
philosophies of the builders. Not every builder is convinced of the
benefits of using aframejig. Many builders believe that the jig can
creste inborn stresses that result as the tubing cools.

There are two other basic methods of brazing the frame—with
pins or with tack brazing. Usualy builders who braze with pins
believe that it is the only acceptable way to build a frame and
those that tack-braze believe it's the only acceptable way. Most
builders tack or pin the tubes inside the lugs, recheck angles and
aignment and, if everything is acceptable, complete the brazing
of the frame. Each method accomplisnes the same god which isto
temporarily attach the tube to the lug in such a way that if the
aignment has been affected, the entire joint does not have to be
dismantled. Individua preferences will be discussed in the chap-
ters dedling with each builder. The frame builder must check to
see that his pinning or tacking has not caused any stresses. He
must learn to apply exactly the amount of heat that is required for

Figure 1-6: Smple diamond-shaped lug cutout on a Pogliaghi
track bicycle.
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the brazing rod that is being used. Lack of attention during the
critical brazing process can totaly nullify the benefits of good
tubing and good lugs.

One festure of a custom frame that has been thought of as
primarily cosmetic in nature is the Jug cutout (figure 1-6). Many
builders believe that, in addition to reduced weight, the cutouts
provide a "window" to see how the braze is flowing during the
brazing operation. Some builders believe that the cutout reduces
surface tensions that occur during the brazing process.

Forks

Like the main triangle, theforks and stays involve
severd different designs and construction procedures. The fork is
an interesting and complex part of the bicycle since it is the prime
contributor to how the bicycle will handle. It consists of the fork
tips, blades, reinforcing tangs, crown, and steering column. Its
shape can increase or decrease responsiveness, comfort, and
safety. Mog quality builders use Campagnolo fork tips. However,
there are many others (Shimano Dura-Ace, Sun Tour, Simplex,
Huret) that are satisfactory. Thefork blades and steering columns
are produced by the mgor tube manufacturers and thefork crowns
are usually produced by the mgor lug manufacturers.

There are three types of congruction for fork crowns—
pressed sted (stamped), forged, and cast. Pressed crowns ae

Log

Figure 1-7: Detal: reinforcing tang (see figure 1-1).
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Figure 1-9: This cutout is so famous that it immediately identifies
the builder as Ernesto Calnago. In this case, the clover lesf dso
appears on the semi-doping fork crown.
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usudly found on inexpensive production bicycles athough there
are certain custom frame builders who prefer the pressed crowns.
They are the weskest of the three crowns. In general, qudity frame
builders depend on forged or cast crowns according to the use of
the bicycle. Like aforged hand tool, the forged crown is produced
with the grain of the stedl "in line." They are very strong but they
require a great deal of filing to properly clean their pitted finish.
Like cast lugs, the cast crown is extremely expensive, very strong,
and usualy comes with the greatest degree of accuracy in toler-
ances. There are three basic designs of fork crowns: semi-doping,
fully doping, andtheflat crown. Eachhasanumber of advantages
and disadvantages:

Semi-doping—The semi-doping crown is becoming the most
popular crown on custom frames. It is sometimes known
asanItalian section because it is designed to fit the large
section, 19-mm. ova blades that, until recently, have
been avalable only in Columbus tubing. It is often
preferred for criterium-type riding because it is light,
vay grong, and has great strength against the lateral
pressures encountered in high-speed cornering.

Fully soping
j .—bL
f A T
) | —
A7 I ; ¥ 4
i / _Fr .
f [ —— ,r/ loj
~ | Y — = ~ =
f S 1 . A \I :
) = / :
( Iy / D ad
e ¢ [
1 -\.QIr I| . e
VN A

Figure 1-10: Fork crownsin cast stedl.
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Fully doping—This fork crown is often referred to as the
Itdian sloping or the Cindli crown because it had been
developed origindly by Cino Cinglli. It is the strongest
fork crown available but it is dso very heavy. There are
many opposing opinions on the bendfits of this type of
crown. Its chief disadvantage is its weight. The fully
doping crown is consderably heavier than the flat or
semi-doping crowns. Furthermore, many people do not
like it because it is so strong that a front-end collision
will usually bend the frame tubes without any damage to
the fork crown or, in many cases, the entire fork. Some
riders would prefer replacing a bent forkk since it is
considerably less expensive than a new frame, however,
Signore Cindli believes that a fork should never bregk
since the rider will be unable to control his bicyclein the
event of a broken fork. Since a broken frame is usualy
ridable, it presents less of a safety hazard than a broken
fork. Signore Cinelli's other rationale for the fully doping
design are covered in more detail in chapter 14.

Another controversy involving the fully doping
crown is its unique method of fork blade attachments. It
is an integral crown and the fork blades fit over the
crown. All other crowns fit over the fork blades. Some
builders believe that the fully doping crown is more
difficult to use since it requires more careful fitting and
brazing. There is an increased possibility of overhesting
the fork blades since the heat from the torch must pass
through the fork blades to reach the crown.

Hat—The flat crown is not quite as strong as the semi- and
the fully doping crowns. It has been very popular since it
is gstrong enough for average use and it is the essest
crown for the builder to use. This crown is available in
both road and track configurations.

Although the fork crown can contribute to the style of the
bicycle and some increased rigidity, al of the three types of fork
crowns are stronger than the fork blades that are attached. Mogt
fork failures occur immediately below the fork crown and are a
direct result of the efects of extended use of tubes that have
become brittle from overhegting, or they result from crash dam-
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Figure 1-11: This microfusione (cest) fork crown carries the logo
of its builder—Gios-Torino.

Fork blades also vary in design according to their use. Sincea
road bicycle is fitted with brakes, the fork blade must be oval to
eliminate the shuddering which would otherwise result under
hard braking. Track bicycles, which have no brakes, have round
fork blades due to the greatly increased stresses caused by
centrifugdl force and side-loading caused by the banking of a
track. Since tracks have a smooth surface, the necessity for afork
to act as a shock absorber is reduced.

Fork design has changed with the improvement in roads.
Years ago, forks had agreat dedl of bend at the bottom which was
necessary for adequate shock absorption. Racing bicycles of the
fifties had more rake (bend) than the touring bicycles today.
Current thinking in fork design is that as the radius of the bend in
the fork is increased, the strength of the fork is also increased.
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Chainstays and Seatstays

Of dl the parts of the frame, the chainstays seem
to generate the smallest amount of controversy. Some builders
prefer round chainstays, some prefer oval, and some prefer round
with indentations for tires and chainwheels. Mogt builders do not
believe that there is a sgnificant difference in actual use. How-
ever, there are some differences noted in the method of attaching
the seatstays to the seat lug. Many builders vary the method of
ataching seatstays in response to the customer's request (which is
often the result of "style"). Some (notably Cindli) have firm
beliefs in the advantages of a particular style. There arethree basic
styles: fastback, semi-wrap, and wrapover (or fully wrapped).

Most builders agree that the fastback stay is the weskest of the
three. It is primarily used on time trial or pursuit bicycles. The
fagthack stay is rarely used on touring bicycles since the seatstays
atach to the back of the seet tube or seet lug and the clearance is

Bmm. 16 mm. 12mm.
Fat Concave Concave
Curve Curve

Figure 1-12: Seat lug top eyes.
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Figure 1-13: Wrapover or fully wrapped seststay. This style of
stay attachment is primarily popular with the British builders. Itis
strong but heavier than the semi-wrap or most fastbacks.

Figure 1-14: The semi-wrap stay can be made in two ways. It can
be chamfered with a plate brazed over the opening, or it can be a
plug such as ones sold by the lug manufacturers. Guerciotti uses
theflat surface to personalize hisframes
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0o narrow to permit room for fenders and clincher tires. The chief
advantage of this stay isits light weight and clean appearance.

The semi-wrap seatstay ataches to the side of the seat lug.
Some builders prefer to chamfer the stay and braze a top plate to
fill the hollow section. Others cut df the stay near the top and
ingtall a plug. The semi-wrgp is usualy considered to be the
strongest type of seet cluster.

T

Figure 1-15; This semi-wrap style is usually accomplished with a
"plug." Thisis a 12-mm. stay such asfound on a49-cm. Colnago
road frame.

The wrapover seatstay is strong but has the disadvantage of
being the heaviest means of attaching the seatstays. The actual
atachment of the seatstays is accomplished like the semi-wrap,
except the two ends are connected by filling the space with braze.
The wrapover isthen filed to achieve its smooth lines. This design
is seen primarily on frames of British manufacturers.



Figure 1-16: Note the beefy-looking, 16-mm. semi-wrap stay used
on this 58-cm. track bicycle. Pogliaghi (see chapter 16) adds a
persond touch to his bicycles with a transfer of his signature on
thetop tube.

Figure 1-17: A completely different variation of the semi-wrap
stay. This is a chamfered stay which has a curved top plate brazed

over the opening.
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Unlike mogt builders, Cindli believes that the seet lug is
extremely important. All Cinelli frames come with a unique cast
sedt lug that is far stronger than any other seat lug. Since most
builders do not believe that the additional strength is necessary,
they do not use the cast seet lug because of its additional weight.
When we discussed his reasons for using the cast seet lug, Cindlli
advised us that the additional strength was only one factor in the
decision. Another essentia factor is reduced wind resistance
caused by the location of the seatstays behind the seat tube!

Now that we have reviewed the basic construction and
building philosophy of a quality lightweight frame, let's take a

Figure 1-18: This is the unique Cindli cast seat lug. Signore
Cindli believes it is superior to every other seat lug because its
cadting is stronger than the pressed lug, its stay attachment is
perfectly centered at the same height as the center line of the top
tube, and its rear mounting is unequaled for aerodynamic fi-

ciency.
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Figure 1-19. Fastback seatstay. This style is preferred by many
time tridists because it gives the appearance of being light. In
redlity, it can be heavier than the semi-wrap stay because large
amounts of metal are needed for the seet lug to attach the seatstays
near the seat binder bolt.

look a some ways to determine if the frame is "well built." The
use of specid tools for measuring and testing the frame is covered
in chapter 3.

Frame Checks You Can Perform

1. Examine overdl finish of the frame Are there gaps
between the lugs and the tubes? Gaps indicate that the builder
did not totdly fill the space between the tube and the lug
with braze. It can be an indicator that the emphasis during the
building process was placed on quantity not quality. The size of
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Figure 1-20: A lugless frame—a method of attaching the head
tube to the down tube and top tube is called bronze welding or
fillet brazing.

the gep is particularly important if the frame has been silver-
brazed, since the strength of the joint is drastically reduced if the
gap is over .003 inch. |Is the brazing around the lugs well done?
Around the fork tips? Are there signs of file marks? File marks are
another indicator that the builder was in a hurry; however, they
should only be used as an indicator. French builders, in particu-
lar, do not believe that the finish of the frame is asimportant asthe
care given to assembly. American builders, on the other hand,
often file the lug to paper-thin proportions—a practice that most
expert buildersregard as apoor practice.

2. Check fork tips to see if the inside (where the axle goes)
has been machined or filed. Sometimes a builder who is trying to
hide unequal length stays or fork blades will increase the depth of
opening of one fork tip to obtain proper alignment.
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3. Arethe threads clean in the bottom bracket? Mogt builders
will take the time to clean up the threads &fter they have finished
building the frame. Install the bottom bracket cups to check if the
bottom bracket has been faced (cut off squarely). If the bottom
bracket has not been faced, you will have to do it yoursdf, which
requires expensive specia tools, or pay a good bicycle shop to do
it for you. As the cups are being screwed in, check to see if the
bottom bracket is round or egg shaped. Unfortunately, the bottom
bracket can become distorted and there is no way to fix an egg-
shaped bottom bracket without replacing it!

4. Arethe tubes mitered in the bottom bracket? The degree of
care in the inhering can be seen only in the bottom bracket. By
sticking your finger inside the tube you can aso determine
whether the builder used pins to keep the frame digned while he
was brazing.

5. Stick your finger inside the bottom bracket and the seat
tube. If the tubes have been overheated it may be possible to fed
dight distortions. Also, if the bicycle is not built with seamless
tubing you may, in some cases, be ableto fed the seam.

6. With one hand, squeeze the rear dropouts and then the
fork ends. After performing this test on severa different bicycles,
it becomes a relatively reliable means of determining the "giff-
ness' of the frame.

Remember, however, that stiffness in itsaf does not guarantee a
good frame.

Mot of the time, purchasing a bicycle frame from areputable
builder will eliminate buying a "bad" bicycle Sometimes a
good-looking frame can be an absolute disaster, however. One
example that demonstrates this is a situation we experienced
while operating our bicycle shop. One of our club riders won a
frame in a race and we initially agreed to sdll it for him through
the store. Unfortunately, the rider had to practically pay someone
to take the frameset because of dl its problems. The rear end was
bent over 1.5 inches to the left and the bottom bracket was
incorrectly tapped so that the fixed cup had to be inserted on the
wrong side (English threads). The adjustable cup had to go behind
the chainwheel! The front forks were so twisted that the forks had
to _be_s%reed to install the front wheel. But the frame had a nice
paint job.
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To reduce the possihility of a purchase you will later regret,
ask bicycle enthusiasts for their experiences with frames. There is
one foolproof test of a frane—give it 10 years of hard use. Tak to
people who own the type of frame you are interested in purchas-
ing.

Now that we have reviewed basic frame design and compo-
nents, let's take an in-depth look at the two most popular brands
of tubing used in high-quality lightweight frames.



CHAPTER 2

Bicycle Tubing

The primary problem in describing bicycle tubing
is that the differences between the available types of tubing are
extremely subtle. They are primarily compositiond. For instance,
Reynolds, a mgor manufacturer of bicycle tubing, has decided to
use a smal amount of manganese in their tubing which subtly
dters its characteristics. The primary change in the tubing as a
result of the addition of manganese is redlized in the actua
frame-brazing process rather than a difference in the ride charac-
terigtics of the frame. Columbus, another mgor manufacturer of
bicycle tubing, adds chrome to their tubing. Again, this dightly
varied tubing composition does not result in noticeably different
ride characterigtics as much as it changes the type of brazing
methods that should be used on the frame.

If the average bicycle rider cannot readily tell the difference
in tubing, then why is bicycle tubing such an important factor in
the choice of a top-qudlity bicycle? There are two primary
answers.

One, to make a butted bicycle tube (the "butting" process is
explained in detail in this chapter) is extremey difficult and
requires far grester production codts than a standard drawn (or
plain gauge) tube. Although the butted tube only provides mar-
gindly different specifications from the standard tube, the
strength characteristics for the weight of the tube are important
enough to the serious cyclist to judtify the greetly increased cogt. It
is important, therefore, for the consumer to be able to identify the
type of tubing in a bicycle to insure that he or she is getting the
proper tubing for the price.

Two, a high-qudity double-butted tube that has been prop-
ely brazed has a condderably longer life and will retain its
strength for a far greater period of time than an inexpensive tube
that has been improperly brazed. This is one important reason
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why so many people are interested in custom frames. The key to
understanding tubing is to understand the processes that the
builder uses when he is actudly building aframe. One of the most
important aspects of frame design is matching the proper brazing
techniques and design with the appropriate bicycle tubing.

Are there any red differences between the varying brands of
bicycle tubes? One very obvious difference is the design variance
that exists between individua tubing manufacturers. For in-
stance, Columbus pioneered the Italian section fork blade which
provided vestly improved handling characteristics of the bicycle.
Other than specific design variations like fork blades and
availability in certain gauges, the basc frame tubes are very
similar in their ability to perform.

Why are only two tubing manufacturers, Reynolds and Co-
lumbus, included in the following pages? The decision had been
based on the fact that the vast mgority of al highly respected
master frame builders use either Reynolds or Columbus tubing.
Although there are other tubes made in France, Japan, and in the
United States, for severd reasons Columbus and Reynolds remain
the two top choices of the master frame builders.

First, there is a great ded of history that supports the
popularity of the two large tubing manufacturers. Both were
pioneers in the research and development of the modern-day
bicycle tube. Smply, they started before anyone else did and they
came up with lasting and successful designs. It should dso be
obvious that the mgority of the most famous frame builders in the
world are located in close proximity to the mgior tubing manufac-
turers. As the reputations of the builders grew, so did the
reputations of the tubing manufacturers. Another factor that
grestly contributed to the continued popularity of the two tubing
manufacturers, isthe tendency for builders to have little desire to
try aternative brands of tubing. The two popular tubings are of
aufficiently high quality to virtualy eiminate the desire of any
builder to try other products.

Only recently, as a result of the bicycle boom, has any
experimentation in using other tubing occurred. This resulted
from the inability of the tubing manufacturers to increase produc-
tion as fast as sdes demanded. Why haven't other tubing man-
ufacturers become involved in the marketing of high-quaity
bicycle tubing? The reason is primarily dueto the incredibly large
investment in heavy machinery that is required. The world's

23
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bicycle market is very small when compared to the potential stedl
usefor other industries such as the automobile or the construction
industry. Without the large market potential and subsequent large
sdes volume, it smply isn't worth the manufacturers’ investment
in the heavy machinery and development costs that would be
required.

Because of the nature of this chapter with its highly technical
content, the casua reader is advised to skip to chapter 3 describ-
ing Campagnolo bicycle components and the use of their specia
tools. For those persons interested in the technical side of bicycle
frames, the rest of the chapter provides both a history of the two
major companies and technical information regarding the compo-
sition and working requirements of the bicycle tubes.

Tl Reynolds

In the 1880s, Mr. Alfred Milward Reynolds was
obsessed with making lightweight bicycle tubing, but met failure
dter failure when the tube continually buckled at the ends. In an
effort to obtain the necessary strength, he fitted dightly smaller-
Sze tubes & the ends of the tubing to serve as reinforcing liners.
Although the liners provided the necessary strength, Reynolds
fdt that additional tubing was an unnecessary additional weight.

In 18387 he invented the process he caled butting, patented
the process and founded the Patented Butted Tube Company in
1898. At that time, only bicycle tubing was manufactured.
Everyone recognized the benefits of the butted process and, after
the patent expired, other tubing companies started to use the
process. The following is an explanation of the butting process
provided by Tl Reynolds:

For lightweight machines, whether for touring or
racing, a "cold drawn seamless' tube is required—one
which starts life as a solid ingot which is pierced hot,
either in a hydraulic press, or by running it between
inclined rollers which force it over a pointed mandrel,
thus "pushing the hole through the bar." Further
hot-rolling results in a "hollow™" or "bloom," aready
looking like a tube, which goes to the seamless tube
manufacturer to be cold drawn down to the diameter
and gauge required for our cycle frames.
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At every stage, each bloom is anneded (i.e, soft-
ened by heating), and pickled in acid to remove scale.
Then one end is reduced to a smaller diameter, known
as the "tag," to enable it to pass through the drawing
die. After lubricating with a specia compound of ail,
ot soap, and other ingredients, it is reedy for drawing.
Drawbenches come in a variety of sizes, some being
mighty monsters over a hundred fegt long, with the
die-plate nearly hafway along.

The bloom is dipped over a shaped plug on along
mandrel bar, fixed to the end of the drawbench, the tag
is pushed through the die and gripped relentlesdy by
serrated stedl jaws, known in the tube trade as "dogs."
These are mounted on a "wagon,” running on a track
containing a large continuous multiple roller chain, to
which the wagon is automatically locked when the
dogs have gripped the tag, thus drawing the tube
through the die, and over the plug on the end of its
mandrel. As this has moved to a position within the
die, the metd is in effect squeezed between the die and
the plug, thus reducing both diameter and thickness,
and at the same time increasing the length. Severd
such "passes,”" interspersed with annealing and pick-
ling operations, are necessary before the tube is the
right diameter and gauge, accurate to within three-
thousandths of an inch, for the manufacture of frame
tubes, forks, and staysfor your new bicycle.

In 1923, the name of the company was changed to the
Reynolds Tube Company, Limited. The cycling tubing at thistime
hed been cdled "HM" and was of high manganese content and
low molybdenum content. A mgor change occurred in 1935 when
531DB tubing was developed. Reynolds aways points out that
531 is sad as "five-three-one" not five hundred thirty-one or five
thirty-one. Reynolds 531 is a manganese-molybdenum tubing—
the 531 refers to the ratio of the mgor elements it contains. The
people & Reynolds are also quick to point out that unlike the
advertisements of some bicycle companies, Reynolds 531 is not
chrome molybdenum. Reynolds believe that their manganese-
molybdenum tubes have greaster ductility than chrome molyb-
denum tubes and, consequently, they will retain a greater per-



Figure 2-2. The machinethat "butts" the tube.



Figure 2-1: The machine a TI Reynolds that actualy makes the
tubes. Three tubes are drawn simultaneously (a the top). One end
is reduced to a smdler diameter and pulled through the drawing
die and over the shaped mandrel. The tube is pressed through this
process severd times before the find diameter and gauge are
reached. The three tubes visible at the bottom are in an inter-
mediate stage of completion.

Figure 2-3: This method of tapering stays and fork blades is

seldom used now. Tl Reynolds found it difficult to locate and
train persons with the necessary "touch" to feed the tubing to the
machine by hand. Conseguently, the process is now handled
entirely by machine.



THEQUSTOM BCYA E

Figure 2-4: No machine has been developed to bend fork blades
with more accuracy and care than this workman. All fork blades
areraked by hand!

centage of their strength after brazing. Whilethere is some chrome
in the tubing to effect the proper physical properties, it is in
substantially smaller quantities than would qudify it to be called
chrome molybdenum tubing.
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As road surfaces continued to improve, and the reliability of
the tubing remained unchallenged, Reynolds developed a new
lighter gauge called Reynolds531SL (Specia Lightweight).

A mgor change occurred in 1975, when the new 753 tubing
was introduced. In spite of reduced wal thickness (it's only .3
mm.) and lighter weight, the new tubing is 50 percent stronger
than531!

The 753 tubing is very special tubing that has not been made
generdly available yet. Because of the specid nature of the
tubing, only pre-evauated builders will be able to buy 753.
Reynolds has distributed two sets of the tubing to some "master"
builders for assembly in a test frame. The frame must be sent to
Reynolds for destruction testing. If, and only if, the frame has been
correctly brazed, 753 will be available to those builders. The
tubing requires extremely close tolerances since the only ap-
proved method of brazing is with silver.

In the United Kingdom, only Bob Jackson, Harry Quinn, and
Tl Raeigh have received gpprova to build with 753. In the United
States, Proteus Design (the only U.S. Reynolds agent) had built a
753 frame and sent it to England for evaluation. In turn, Proteus
Design has been gpproved to build with Reynolds 753. To give
you an idea how light the tubing is, let's look at the approximate
frameset weight of bicyclesbuilt with 531DB, 5319, and 753.

Weights of frame with fork, seatstays, and chainstays:

531DB—55 Ibs. (25kg)
5319 —5bs (23kg)
753—41bs. (18kg)

In 1977, the Reynolds Tube Company, Limited changed their
name to Tl Reynolds because they make more than just bicycle
tubes. The hicycle tubing divison is only one of the three
divisons in the continually growing company. One division
manufactures the flash welded rims for the Rolls Royce Olympic
engine used in the Concorde and another division manufactures
hydraulic cylinders. The tubing division provided frame tubing
for the now-defunct Jaguar XKE and they still make tubing for
wheelchairs.

For the technically inclined, we have included the following
information, provided by Reynolds, that details their unique fork
blade construction. Recommended brazing procedures are found
in Appendix I11.



THE CUSTOM BICYCLE

[ susmanmize nuir winh

REYNOLDS
[l‘qnt*]

FORK BLADES, STAYS & | FHhME TUBES

_BUTTED FRAME TUBES |

[ wanmlll [ WITH |
alEL:
£

IIE! IIQI.DS

-ulN n-\m wm
| FORES & STATE

CONS‘IRUI! AV‘EC
l." HOJI. b !

! () 1
3 TUBES IleOICii

=
i WY
'-:J._J;' i

Figure 2-5: Any of these Reynolds 531 trandfers signify that the
bicycle has been built with Reynolds tubing but the differences
should be noted. The firg three indicate that the frame has butted
frame tubes, seatstays, and chainstays, and taper gauge fork
blades. The fallowing two indicate that the frame has been built
with Reynolds 531 butted frame tubes but that the chainstays and
fork blades used are from another manufacturer. The last decal
denotes that the frame has been built with plain gauge Reynolds
531 frame tubes plus 531 fork blades and chainstays.
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Fork Blade Construction

Tapering a tube for a fork blade, chainstay, or
seatstay, is a highly skilled task. Two stedl rollers, one
above the other, rotate so that the faces in contact with
each other are moving towards the operator. In those
faces are semi-circular grooves, matched to present a
round hole, which progressively diminishes as the
rollers rotate, then suddenly opens out to full diameter
again. Thefull diameter isthat of the tube to be tapered,
and the length of the tapered groove in the rollers
coincides with the required length of tapered tube.

As the full diameter faces the operator, he quickly
pushes in the tube as far as he can. The rollers push it
out again, but squeeze a little into the tapered groove.
Asthe full diameter comes round, so the tube is pushed
inagain, going in alittlefurther on account of the small
length aready reduced in diameter. This is further
reduced as the tube is pushed out again. The operation
is repeated at the rate of about sixty strokes a minute
until the tube reaches a pre-set stop behind the rollers.
All the time, while the tube is being pushed in and out,
the operator is rotating it, to ensure that its soundness
ismaintained. A stay takes between aquarter and hdf a
minute, according to length, and is afterwards trued up
for straightness.

Fork blades are made this way, from round tubing,
which is aftewards shaped to ovd or D & the larger
end if required. They are then bent round a former in a
smple hand-operated bender. The tool looks admost
primitive, but is very effective and accurate.

Moden road surfaces are generaly good—but
even o, if our front forks were rigid we would have a
very uncomfortable ride, and use up so much energy
absorbing the vibration in our ams that mileages
would tumble and times would stretch alarmingly. So
the front fork blades are curved to a carefully planned
"rake" to provide resilience and so smooth out some of
the road-roughness.

Thisiswhere Problem No. 1 crops up. The weskest
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point in a cycle tube is adjacent to the brazed joint, so
we need the top of the fork blade to be rigid. Now
Problem No. 2. When atube is tapered, quite naturally
its walls tend to thicken up as the diameter decreases.
So now we have atypica fork blade, where thetop is of
adequate thickness for rigidity, but the bottom is
thicker than the top, thus partialy defegting the effect
of therake, and killing some of the resilience!

What can be done about this? Some cycle manufac-
turers use a lighter gauge fork blade to get the resil-
ience, and put aliner in the top for rigidity, but by far
the best solution is the taper gauge fork. You will
remember how Mr. Reynolds invented the Butting
process, whereby the wall thickness of atube could be
increased & one or both ends without affecting the
outside diameter. You will dso probably remember
that afork blade starts life asa straight parallel tube. We
take a light gauge tube of the right diameter, put in a
single butt with a long gradual change of gauge, and
then taper the end with the thinner gauge. Bent to
shape, we have the Reynolds Taper Gauge fork blade,
with awall thickness less at the resilient end than at the
rigid end. The result is that road shocks are smoothed,
and more energy can be devoted to making the wheels
go round, farther, faster, or with less fatigue.

A. L. Colombo

Angelo Luigi Colombo started manufacturing tub-
ing in 1924 for the arcraft industry. The production of double-
butted bicycle tubing began in 1930. Signore Colombo is now 86
years old but still comesto work two or three times each week. His
son, Antonio, is the director of the company which has become,
with Tl Reynolds, one of the most sought-after tubes for light-
weight bicycles.

It is interesting that the engineers a Columbus fed very
differently about chrome vs. manganese than those a Reynolds.
For instance, the only tube in the Columbus line that is carbon
manganese is the "inexpensive" st. All of the top-of-the-line
tubing is chrome molybdenum. The design intent at Columbus is
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high strength and high elongation since low elongation tends
toward brittleness. Furthermore, they will not build tubes with
less than .5-mm. wal thickness. They believe that oxidation
during the brazing process can reduce the effective thickness of
the tube by as much as .1 mm. They seem consistent in their
beliefs, since even their "record" extralight tubing is .5 mm.
thick.

The specidties a& Columbus are their fork blades and fork
columns. Unlike TI Reynolds, they do not believe that a taper
gauge fork is desirable. The Columbus fork is identified by its
smooth curve and large section. This design responds to the

Figure 2-6: Cross-section outline, fork blade made of Columbus
tubing. The diameter and wall thickness are kept proportionate to
the bending stress throughout its length. Note that the dlipse of
the fork blade has an equd thickness.
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Figure 2-7: Cutaway, Columbus fork column section.

cyclist's need for strength while cornering without adverse
amounts of road shock over bumps. The fork column is aso
unique with its two thicknesses and five helical ribs (smilar to
rifling in a gun barrel) designed to withstand enormous torsional
forces without excessive weight (figure 2—7).

As a result of the enormous popularity of the Columbus
blades (they became known as Italian section forks), Tl Reynolds
has recently marketed blades of similar design. Since many of the
English builders used Reynolds tubing on their frames, they hed
been unable to dffer the Italian section forks. They now report that
avery high percentage of their frames are built using the Reynolds
Italian section forks Many riders suggest that the Italian section
forks do provide a considerably more comfortable ride and, at the
sametime, improved cornering power.

A new seatstay is offered by Columbus, and although it has
not gained any popularity in this country, some Itaian builders
claim that it is extremely popular on the Continent. This stay has
its largest outside diameter in the center of the tube. Thet is, the
tube has a narrow section near the set lug, increases to its
maximum hdfway down the stay, and then decresses to the
same Size section as the top where it is brazed to the fork end.
There are no additional advantages to the stay; it is produced for
"aesthetic" appedl.

Now that we have reviewed the properties of the two mgor
brands of bicycle tubes, the components that hold them together,
and the elements of design that contribute to agood handling and
strong bicycle, let'stake alook at the steps that must be completed
before the frame is ready for assembly. Since these steps require
specia tools, we have included a step-by-step guide to explain
their use. The next chapter covers the history of the manufacturer
of these tools—SP.A. Breveti Internazionali Campagnolo—the
world's most famous name in bicycle components.



CHAPTER 3

Tools for
Frame Building

SP.A.Brevettilnternazionali The name Campagnolo hes be-

Cumpagnol o come asocdiaed with the finest
36100 Vicaza bicyde pats avalale in the
Italia world today. It is extremdy rare to

find a professond bicyde recer

who does not ride abicydethet is
completdy Campagnalo equipped, unless he is compdled to ride
other equipment because of nationd regulations or he is spon-
sored by acompetitor of Campagnalo.

0 has mantained its reputation because of the
uniformly high-quality components thet have a low falure rate.
Furthermore, even the amdler replacement parts are generdly
available, unlike many of its competitors. Before we look a some
of the reasons why Campagnalo digtinguishes itsdf, let's review
the eventsthat led to the founding of the company.

Tullio Campagnolo wes an enthusiagtic recer who partici-
pated in hundreds of races between 1922 and 1930. Although he
did not win any of the mgor dassics, he did participate in races as
important as the Milan—San Ramo and the Giro ddlla Lombardia
During a particularly brutal rece hdd in freezing temperatures in
oconjunction with the Feegt of San Martino, Tullio Campegnolo
punctured in mid race. As the pack sped by, he atempted to
loosen the bicycdées frozen wing nutsto replace the tire. His frazen
fingers numb and insendtive from the cold, were unable to
loosen the wing nuts that hed become dogged with show and ice.
Hewatched in vain asthe pack rode by.

Insteed of accepting the technicd limitations of the hubswith
wing nut atachments Campegnolo resolved that he would
cregte an dternative means of ataching the wheds that would
opaae dfidently under dl conditions. The outcome of his
unfortunate experience in the snow has remained as the lightest,
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mogt effective method of whed attachment to this day: the
quick-rel easehubmechanism.

Motivated by the successful operation of the quick-release
hub, Campagnolo began examining other bicycle parts for their
shortcomings. He completed his first gear-changing mechanism
in 1930, although it did not reach its find form until 1933. Soon
the mechanism began to appear on some of the bicycles of the top
professiond riders. It was a complex dfar that involved two
control levers. The firg lever released the rear spindle and the
second lever controlled the gear change that occurred only when
the rider would peda backwards.

The next derailleur to appear was caled the Paris Roubaix
and was essentialy the same, except it was controlled by one
lever. This system was incredibly complex since one movement of
the lever loosened the spindle release mechanism, changed gears,
and tightened the spindle after the gear change was completed! It
is interesting to note that this mechanism, unlike today's derail-
leur, did not utilize two pulleys for chain tenson—the chain was
adjusted as an integral part of the gear change!

The Itaian bicycle factories became the firs manufacturers to
include Campagnolo equipment on their racing bicycles. Accord-
ingly, Campagnolo has played an important part in the develop-
ment of the feding that the Italians have been the primary source
of bicycleinnovation.

Nat content to leave his design unchanged, in 1951, Campag-
nolo developed the variable paralelogram derailleur as we know
it today. It was designated the Gran Sport. It was soon replaced
with the brass Record derailleur and later became the aloy Nuovo
Record.

Campagnolo's recent use of ultralightweight (and ultraexpen-
sve) titanium alloys has resulted in anew derailleur known asthe
Super Record. The operation of the Super Record and the Nuovo
Record are the same—except for differences in the weight of the
components.

Since the development of the quick-release axle, Campagnolo
has developed over 180 other inventions. It is important to
recognize that, unlike many inventors who sarted innovative
products, Campagnolo took a new idea and developed it until it
would be totally reliable and without equal. Many times his desire
for near-perfect quality control resulted in prices that were far
above competitive products. In spite of the high prices people
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lined up to purchase his products for one basic reason: They
worked better than anything ese available. Campagnolo products
became so well known that people were willing to buy equipment
that had been manufactured by competitors who, for dl practica
purposes, copied some of Campagnolo's designs. Although the
copies were usually substantidly less expensive to purchase,
Campagnolo's sales remained high because of their undisputed
quality. Today, SPA. Brevetti Internazionali Campagnolo has
been sdected as the technical assistant for al world cham-
pionship and Olympic cycling events.

What contributes to Campagnolo's high reputation and
legendary quality? Mog important is the hidden engineering.
Campagnolo uses its direct communications line with pro-
fessiond cyc||sts as a source for ideas. If a problem is recognized
in the "field," the engineers a Campagnolo respond with designs
to eliminate or reduce the problem. Although the appearance of
the product may be unchanged (or externaly appears the same as
a competitor's product) examination "under the surface would
revedl important festures. For instance:

Campagnolo became famous for the wear characteristics of
its dloy chainrings. The teeth in Campagnolo chainrings
are gear-cut, while some manufacturers utilize less expen-
sive methods which, when combined with softer dloys, do
not alow long life.

The Campagnolo bottom bracket axle is designed to repel
water from the bearings as it revolves during normal
pedaling.

The Campagnolo hand brake lever handiebar attachment
bolt passes through the body of the lever instead of the
pivot pin. Unlike most designs, this greetly reduces the
pressure to the pivot pin and results in a brake that operates
sn}oqlthly under al conditions and a lever that isless prone
tofailure

The quick-release lever on the Campagnolo brake alows for
varying degrees of edjustment The qwck-relaase lever on
most brakes is fully "open" or completely “closed." The
Campagnolo quick-release brake lever alows the rider to
compensate for a damaged rim (caused by a pothole or

37
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crash) by opening the brake shoes to the point where they
clear the out-of-true portion of the rim.

In addition to a complete line of bicycle parts, Campagnolo
produces components for motorcycles, arplanes, helicopters,
sounding balloons, and satellites. They aso produce some unique
consumer items like an enormous corkscrew and a nutcracker that
is designed to crack the hull of the nut without damaging the
meat! We were dso told that Campagnolo has designed an
improved pants hanger athough there are no current plans for
production.

The remainder of this chapter is devoted to an explanation of

Figure 3-1: Crown bearing race. The crown race cutter (Campag-
nolo tool #718) is fitted over the steering tube to accurately cut
the lower bearing race. A tension spring maintains adequate
pressure to evenly cut the required surface.
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the use of the more complicated Campagnolo specia tools. We
have included this because the understanding of the operation of
the tools clarifies operations that are essentia in the construction
of aquality bicycleframe.

Armed with a knowledge of the basic frame components, let's
examine the opinions of the experts a& Campagnolo on how to
properly join the materias into a machine that will contribute to
the rider's assets and reduce the rider's weaknesses.

Figure 3-2. Ingtdlation of lower bearing cone. The headset cup
punch (todl #722) is used to instal the lower bearing cone after
the bearing race has been cut.

39
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Figure 3-3: Cutting the head bearing race. The head race mill
(tool #733) is installed in the head tube of the frame. The spring -
adjustment is used to supply adequate tension to the cutter.
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Figure 3-4: Mounting the bearing cups to the head tube. Tool
#733 is used in conjunction with fitted sleeves (tool #728) to
press fit the bearing cups into the head tubes. This tool reduces
the possibility of cracking or distorting the head tube when
hammering the cups into position. The cutting action performed
in figure 3-3 insures a perfect 90-degree angle cut and the
installation step (with the use of tool #728) insures perfect cup
alignment.



Figure 3-5: Cuiting the bottom bracket threads. Perfectly concen-
tric threads require atool that will cut threads in both sides of the
bottom bracket in perfect dignment (tool #721). Different-size
taps are available to accommodate the popular thread specifica-
tions. Since the taps rotate on the same center axis, perfect
dignment will result.

Figure3-6: "Facing" the bottom bracket. Proper installation of
the bottom bracket cups cannot be guaranteed without accurate
facing of the bottom bracket. The bottom bracket face cutter (tool
#725) is afarly complex unit which includes an internal guide
deeve that is fitted into the bottom bracket. The bottom bracket
fece cutter is fitted into the deeve, which insures a perfectly
digned "face" for the bearing cups.



