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I remember the frst lessoo I learned with
By new ten-speed many years ago. "You
bave to ease up on the power to make the
shift," the shop man kept saying. But I
couldn't. I was shifting because I was slow-
ing dovn to go uphill, ard iI I slowed down
atry more I wouldn't be going forward, and
theD shifting would be impossible. I frully

mastered that paradox, but it took some
mental anticipation and physica.l coordina-
tion. The shifting usually took only a ftaction
of a second, and if I made the shift in time,
everlthing n as 6ne. But heaven help me if I
missed the shift.

Evenhra.lly I tried ncing. And I quickly dis-
covered the dif6culty of shifting while riding
uphiJl in a pack. I didn't have even a &action
of a second for a shift. If I sat down to let off
the power, it was all over, ard if I didn't shift
it was all over too, What a deal. I often
wished for something tiat would allov me to
shift whenever I wanted, under t l power,
and with no possibiJity of missing a shiIt.
What a dream.

The derailleur system, the most widely
used transmission on today's bikes, is the
souce of these shifting problems. After all,
pushing the chain off one chainwheel, in
hopes that it lands oo another, is a gimitive,
brute-force approach. Derailleurs were first
conceived in France around 1934, ard have
remained virtually unchanged ever since.
Thei! disadvartages are well known. A re-
cent Bihe Tech atticle stated: "conventional
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shifting compolents impose dernands on the
rider . . . the need to ease the pedaling force
during the shift and the need for precision in
moving tlle control lever." * The article re-
ports that an incredible 20-plus kilograms
(44 pounds, approximately) of cable tension
was needed to shift the Campagnolo Super
Record front derailleu while the bike was
pedaled at what seems like an unrealistically
low torque of 26 inch-lbs at the rear axle.

The second most common bike transmis-
sion is the internally-geared three-speed
hub. This system uses planetary gears,
which allow one to upshift and downshiJt by a

certain mtio. The geared hub may be easy to
use and reliable, but because it provides only
three gear ratios (or five gears on some
models). it is not suitable for modern touring
and racing. And like the derailleur system,
the intemålly-geared hub must not be under
load at tte momert of shifting.

The Browning Trarcmission promises to
male these problems a thing of the past.
The Browning system, which replaces the
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Flgure 2: Front view of rino cassclte,
du ng lhe same downshitt sequence
shown in Fig. l. Su,ing sector is swung
øl (away lr0m small chainring), all0wing
chain to pass olrel shaved tceth (at arrow)
onto small chainring.

conventional tont chainwheels and fiont de-
milleur, rnanages to shift the chain while
keepnrg it fulll engaged. on thz cogs at all
firøes. How this is achieved is the subject of
this article. The end result, in ary case, is
totally retiable shiJting under even the heavi-
est pedaling loads, with negligibly small force
(about 2 grams) on tle shift lever.

Bruce W. Browning and his sons invented
the transmission more than tell yea]:S ago
(see sidebar), and refned it through exten-
sive development and testing since then. A
two-speed model for BMX machines is now
commercially available, with a three-speed
model for touring and all-terrain bikes
(ATB's) scheduled for production soon. II
the BMXers enthusiasm for fie Browning
system is any indication, the conveotional
fiont derailleur may soon become exlinct.

BMX racers have no use for derailleurs,
finding them simply too urueliable. So when
Darrell Young, a pro BMX rider, won tle
1984 ABA Nationals on a Browning-
equipped bike, the $,ord was out. Here is the
next urfair advantåge; it's only a matter of
time before the rest of the cycling world
catches on.

Nammg of the Pæts

The Browning tansmission has two baslc
components: a set of chaiffiflgs, called tle
dng cassefte (see Figores 1 and 2), and a se-
lector assemblJ, which mounts on the seat
tube in place of a ftoIIt derailleur (see Figure
3). (AI photogaphs in this article show the
hoo-sped BMX t\odel'except frgute 10. I
will explain later how the tkee-speed ATB
model differs,) cØtinuz.t o, øse 4

Figure 3: Seleclor ass8mbly (al a110w) mounted on ssat lube in place 0l lront demilleur. Two
Gap sclews allow lor lateral adiustmenl, il0te shitt control cable at lelt, and shayed teelh on
inner chainfing at righl. Also n0t0 salely hb on swing seclor, needcd lo provont anothcr
upshilt when chain is on the large rino and an upshifi is selectcd by the contml lever.



Bruce Ul Browning at the dritlting lable.

Father of the

Browning Automatic

Ten Years from Inspiration to

Market

When Bruce Browning asked me to test
his new shifting mechanism a few years ago,
I assured him it would rct work. But I tuied it
anyway and, to my surprise, it shifted [aw-
lessly under power with flot even a hint of
missing a shift. Then I asked Bruce a hun-
&ed questions.

Bruce Browning worked until 1969 as a
gulr designer for the Browning Arms Com-
pany, a 6rm founded in 1925 by his grandfa-
ther, John M. Brox'ning. You migbt remem-
ber that the Browning Company was
marketing a bicycle Ior a short wNe in the
early 1970's. As part of that project, Bruce
was to desiSn a better shifting system. The
Browning fums folks didn't appreciate a de-
vice that worked only occasionally under cer-
tain circumstances and only for skilled users.
AJter all, the name Browning was slnony-
mous with the world's most reliable guns;
they worked all the time, every time, under
all conditions, lor anyone. Nothiag less
wou.ld do for the Brolvning bicycle.

In 1974, Bruce Browning and his sons
Dave, Chds, Marc, Paul and Mike started a
family "laboratory"; the sole purpose was
to inyent, prototype, test, and then sell
ideas. Not your usual fumily business, but
Bruce's background i]I mechanical design,
drafting, and machining was ideally suited for
this sort of ventue. The Brownings were
not serious cyclists in any sense of the word.
But they would blainstorm io the evenings,
making long lists of tiings to invent. One son
said "A.utomatic Bicycle" and it got on the
list. As the long list became a short list, it

became clear that major chaoges were
needed to make a bicycle tru.ly automatic.
Above all, it had to shift gears under every
possible condition of speed, cadence, and
pedaliDg force. This immediately left out any
hope of simply making a better control mech-
anism for conventional derailleurs.

These inventors' jam sessions sparked the
inspiration, in December 1974, of how to
build an automatic chain transmission that 4c-
tuall! uolhed. For llre next two years Bruce
and sons David, Marc, and Chris developed
the idea, using drafting space and machine
shop facilities in Mountain Green, Utah,
rented tom the Browning Compaoy. The
Brownings also iormed Octo Compafly to
manage their inventions, and signed an
agreement witi Browning Arms.

Subsequently, Browning fums Company
decided to leave the bicycle business ald to
cut off funds for development of the chain
transmission. In August 1976, the Brown-
ings 6led a patent application to cover the
fundamental principle ol the transmission;
they received US Patent #4,127,038 on No-
vember 28, 1978. Additional patents have
since been granted, and others are pending.
ln December 1976, they fnished the 6rst in-
dustrial model of their inveation, "a crude
transmission with electric controls," in
Bruce's words, This early protot]'pe gener-
ated great interest at several companies, but
no money.

Octo Company moved to Bainbridge Island
h Washington state, after parting with the
Browning Arms Company in February 1977.
By selling stock shares in Octo Company,
the Brownings raised funds to build a small
shop and ofEce space. Here they labored fo!
the oext year and a half on a seco[d iadus-
tfial Eototype, this time a Eve-speed model.
Again their efforts produced much technical
interest but no morcy. Again work stopped
while the search for funds resumed.

Finally, a partnership formed in 1980 with
two other investors provided the fimds and
focus for continuing work, The goal was now
to design a moderately-priced "automatic"
bicycle and prepare it for high volume manu-
lactule, a task thåt took two years. In Janu-
ary 1982, the secord bicycle Eototype was
ready. It was a twelve-speed touing bike
(see drawing) with Bro\r'ning transmissions
on both the tort chaiffings (oval, rc less)
ard the re teewheels.

The bike world was not ready for this. Af-
ter receiving a cool reception fom various
dealers and cyclists, Bruce concluded that
"our original design and market goals were
faulty." The Octo Company realized tiat an
overwhelrning victory in the bike industry
would call for more than just a technically su-
perior machine.

The s[ategy then focused on the simpler
task of gaining a foothold in the bicycle busi-
ness, The idea of the "irlly automatic" bicy-
cle vras put on hold, while marketing of the
transmission itself was shifted into high gear.
The 6rst Blowning BMX uansmission was
demonstrated at the Long Beach. California,
Bike Show in fal 1982, and also exhibited to
the Arnerican Association of Desigfl Engi-
neers in March 1983 at the request of D?si8r,
lf?ars. At the same time, the Brow ngs
completed work on a three-speed ATB and
toudng tlaNmission.

Today, a.fter more than ten years of work,
the Brownings' invention is in cormelcial
production. Remarkably, half oI the last de-
cade was spent, not ill actua.l research and
development of the product , but in searching
for funds, demonstrating prototypes, and
learning the bicycle busiaess. In a low-key
comment on the virtues of persistelce,
Bruce Browning said, "ff it seems like we
are proceeding slon ly, it is because we must
assemble the harmonious combination of f-
na.[ce, maragement, marketing and R&D."

A.R.

1982 Prolotype, wilh Brownlng tmnsmlsslons on lto[t and rea]. l{ots swillging
seclo]s c0ver a lull hall ol lhe gears, oompared lo only one quarter in the pEsent design.
Als0 note shilting conlrols mount8d n0ar braks lsvel§.



Flgur€ 4: Poslll0n ol hinoed pawl (Bnhsr slraignL up, or down) controls positlon ol swlnglng
soolor.

Continued lnn ,ase 2
The two rings in the cassette are riveted

together for reliability. The inner chainring is
idertical to a conventional one except tåat,
for reasons to be explained, some of the gear
teeth are cut away (see Figure 3). The outer
chainring is unconventional: it has a pie-
sl]awd swibging secto," mounted on a hinge,
allowing it limited fteedom to swing tom
side to side. This swinging sector maintains
control of the chah position at all times dur-
ing both upshifts and do$nshifts.

Movement of the swinging sector is con-
trolled by what's called, the chdining Paul-
The pawl is hinged onto one of the spider
arms of the outer chainring (see Figure 4).
When tie pawl is moved mdially outward
("up" in Fieure 4), the swing sector moves
"out" (away from the small chainring);
when the pawl is moved radially inward
("down"), the s$ring sector moves "in"
(towards the small chainring) . Alter either of
these motions, the pawl is returned to the
center position, under force of a spring, and
the swhg sector moves to tle neutral posi-
tion (i.e., Iined up in the plane of the outer
chainring). This whole sequence of events is
explained more frlly below.

The position of the chainring pawl is con-
trolled by the selector assembly. As the
crank rotates, the pawl passes through two
cøzs in the selector assembly (see Figures 5
and 7). The cams are moveable (in response
to the shift control lever) and, depending on
their position, loute the pawl either up or
dow[, and thus cause the swing sector to ex-
ecute either a downshift or upshift (see Fig-
ure 7).

The trvo-cam setup proides æ intzrhch,
via the internal mechanics of the selector as-
sembly, that eliminates the possibility of
jumping the chain in case the rider backped-
als during a shift. (Conventional derailleurs
are all too vulnerable to this chain-jumping
problem.)

Any conventional shifting lever and cable
can be used to control tie selector assembly.
Some BMX riders like to use sprirtg-loaded
"twist grips" (such as Stulmey Archer
#HSJ-763) for this purpose. Since BMX
bikes have no rear derailleurs, a chain ten-
sioner (such as Shimano #54801010) must
be installed at the rear dropout, to take up
the chain slack that occurs when shifting the
ftont.

Gearing on the BtrD( model is 38T/,14T,
and the Browning BMX dng cassette can be
mounted on any standard BMX axle (i.e.,
any otle-piece crankset using a drive lug).

The three-speed ATB model works on the
same principle as the BMX model. Of
course, there are t /ee chailwheels on the
ring cassette, the lalger tuo of which are
rnade with a swi[ging sector as show[ here.
These two swinging seclors move in unisoa
under tlte control of a sizglz pawl and a single
sele«or assembly. This triple cassette is
geared 28T/38T/48T, making it usefirl for
both mountain riding and toudng. The tdple
cassette will mount on a stardard (tapered
end) cotterless crark axle, and the dimen-



sions have been selected to alloir the widest
range of interchangeabillty with existing ax-
les. Thus, the Brorvning svstem can be used
lvith conl,entional bottom bracket compo-
nents (bearings, axles, cups, retainers.
etc.)-

Solid Engagement

How exactl! does the Browning transmrs-
sion \rork? The explanation is deceptiyeiy
-imple. The impL,r lanl poinl tr remembcr i-
that the transmission is al$als e gaged.l)t1t
ing a shift, the chain is seated momentarily
on two gears at the same time. This is why
the chain can carry a full pedaling load at all
times during shi1ling. Of course, conven
tional front derailleurs keep the chain con-
stantly engaged during a do{nshift. The
Brownjng system achieves tlns constant en-
gagement on åol, an upshift and downshilt.

Thinl< of how a railroad switch works. A
lrain can be (momentarily) on two sets of
tracks at the same time, with the process
controlled by the switch. The switch moves
a short set of tracks into (or out o0 tlle
train's way, in much the same wa-v that the
transmission's chainwheel pa$,I moves the
swinging sector into (or out ol) the chain's
way. (lmagine if the railroads tried to make a
train swilch tracks by pushlng il sideways
$.ith a big ftont derailleur cagel)

The swinging sector serles the same
function as the movcable tracks in a raiiroad
switch. During upshifting, the swing sector
provides an essentially srilal path of teeih
that lifts the chain off the small chainring onto
the large one. During do$ nshifting, it simply
swings out of the way, allowing the chain to
drop onto the small chainring by its orvn
force. Here's a step by step look at these

The Up Swtch

\rl'e'il start with the right crankarm at 9:00
and the chain on the snull ring. At this point,
lhe swing sector is between 6:00 and E:30,
and the pawl is in line with the crank at 9100.
As the crank reaches 10:00 (see Figure 8a),
the chainring pasl meets the triangular cam
which was set for an upshift by the selector
(Figure 5b). 'l'he pawl is forced dolrrr, pulling
the srÅringing sector inward toward the bike
frame (Figure 4b) and into the line of the ap
proaching chain. Shortly thereafter, the
chainring pawl reaches the forward bottom
cune of the reset cam, forcing this cam up
dnd thu. retur'li'g lhe Lrianguldr , am to il,
neutral position (Figure 5a).

When the crank reaches 11:00, the leading
tooth of the swing sector begins to engage
the chain (see Filure 8b). At 12:00, the
sB'ing sector has started to lift the chain off
of the small ring, and the rider is now arvare
he is pedaling jn a higher gear. By 2:00, tlle
chain is ivell seated on the swing sector, but
i" st.ll elgated on Ll'e .rnnl char.l-i.lg. l\ hen Figure 5: operation 0t cams in select0r assembly. Dashed lines show path 0l pawl.



tle crank reaches 7:00, the tralsfer is com-
plete and the swing sector springs back to its
neutral (in-lifle) position.

The Down Switch

We'll start again with the crankarm at
9:00, but now the chain is on the large ring.
When the crank reaches 10:00, the pawl
meets the triangular cam (which is pointing

down, see Figure 5c). As the pawl slides
over the triangular cam, it is pushed upward,
which moves the swinging sector out of the
path of the approaching chain (Figures 4c and

5), At 10:30, the pawl has passed tle tdan-
gular cam and reaches the forward (up-

swung) end of the reset cam, pushing it
down into tle neutral position (Figue 5a).
The swinging sector remains swung out.

At about 12:00 the chain misses tle out-
swung sector and "falls" onto the inner
chainring (Figure 2). The shaved teeth of the
inner rillg provide the necessary clearance
for the chain to move ioto position properly.
If the teeth were not cut away. the chain
would wedge between tle two chainrings, as

often happens when ftying to upshift under
load with a convefltional derailleur.

While the crank is between 12:00 and

3:00, the chain is actually on both chaiffings
(Figure 1), like a train on two tracks at the
same time. The switch is complete when the
crank has reached approximately 3:00, and

the chah is fully engaged by the small ring.

Strifting Loads

Because the chain is engaged at all times,
the Browning transmission can carry fulI
pedaling force during shifting. No conven-
tional denilleur system has this capability. In
tests conducted by Octo Company (see Fig-
ure 9), a Brownhg BMX unit showed no
missed sffis after more than 64,000 up/
down shift cycles under a constant load of
one horsepower (this corresponds to con-
stant 100 lb pedal force at 90 rpm cadence).
By comparison, recent tests on Shimano,

Sun-Tour, arld Campagnolo front derailleurs
were done at only 1/25 horsepower, which,
under the reported test conditions, corre-
sponds to pedal forces in the mnge of 7 to 15

lb. at 25 to 57 rpm (reference Figures 7 and

8 on page 4 of April 1985 Bike Tech).

Octo Company also performed destructive
tests to see which component in the drive-
train fails first under outrageously large
forces. These tests simulate the heaviest
imaginable rider climbing a steep hill with
loaded panniers. They calculated that a con-
stant pedal force of 300 lb. represerts this
situation, allowing for a BMx rider capable of
applying 330 Jb. peak pedal force or a tourist
using toe clips appllng 500 lb. peak force.
Under lhese loads, the Browning transmis-
sion showed no damage and continued to
shift even while teeth were being sheared off
the freewheel.

How much effort is required to shift? Since
the shiJt is iniriated when the swing seclor is
hat errgaged 'rith the chain, a force of only
2.5 grams on the shifting cable is needed. In
compadson, the Shimano New Dura-Ace
front derailleur requires about 4,800 times
more force to shift, i.e,, 12,000 grams cable
teosion is needed (reference Figue 7 on
page 4 of April 1985 Bihe Tech)- The 2.5
grams needed to shift the Browning trans-
mission could be supplied by a battery-
powered motor or solenoid, thus making
fully automated shifting Dossible.

Production Methods

The Octo Company machifles their proto-
types by hand. The small chainring and
swing sector are made of heat-trcated ÆSI
4130 steel, with a finish of electrodeless
nickel plating for corrosion resistance. The
small chainring need not be made of steel,
but it was chosen for the 38T/44T BMX ap-
plication so tlul fie 38T ring couJd be Lhin-
ner, and thus placed closer to the 44T. In
other applications, aluminum may be used.

For volume production, the chairyings and
swing sector afe made by a process called
6ne-bla ing. This is a precision stamping
opemtion, developed in Germany and Swit-
zerland, using dies that aie "deadly accu-
rate" (a BMX term). Fine-blarking is one of
the few mass production methods that can
hold the close tolerances (plus or minus one
thousandth inch) leeded to ma]e the hinge
on tåe swhg sector work properly.

The outer chainring (except swing sector)
is made of 202-T3 aluminum alloy by tie
fine-blanking process. It is then heat-treated
to T8 temper, which resulls in properties
close ro those of 7075-T6. The 7075 alloy is

not used in the first place because it is very
hard on the fne-blanking dies.

Despite the extensive use of steel, the
Bro$ning system weighs about the same as

a conventional chainwheel/derailleur setup.
In the BMX model the chaiorings are as-

sembled by a process calJed orbital riveLing
(see Figure 5) . The designer felt that regirlar
nuts and bolts were not reliable enough for
the BMX market. In the ATB/touring model,
the traditioMl threaded bolt system may be
used for easy interchangeability.

ATB/Toudng Model

Design of the BMX model was simpliied
by the fact that BMX bikes have only one
gear: in the back. With a multi-gear free-
wheel, the Brownings found ttat the vride
angles of the chain caused it to derail off the
swinging sector. especialJy when ihe chain
was on the large rear cog during aa upshift
under hea4 load. Consequentiy, the swing
sector on the ATB/touring model is åoøød in
the following way: the teeth on the sector at
the leading edge march in an arc away from
the cente ine of the bike. and at the same
time lean into the bike's center line. The net
effect is that all teelh help carry the chain
latemlly as opposed to or y the last few teeth
on the BMX model. The AIB model wil

Figure 6: Ghainrins FUI (at arowlsh0un passirg thro[gh lhG conlrol cams in lie seleclor
asscmtly.



rcset cam

t angutar

handle fteewheels tlat ft in 121 mrn rear
spacing, giving the rider 15 or 18 speeds.

The shift lever for the thee-speed ATB
model works differently than a conventional
font shifter, It has thee positions (center,
forward, and back), but the two outermost
positions (forward and back) ate ,fiamefi.ttry,
i.e., a spring returns the lever to center po-
sition when tie fider lets go. For example,
moying the lever forward for an instant and
ther lettiry go is the signal to "call for a

dovnshift." The taNmission responds as
follows: if in high gear, it switches to middle
gear; if in middle gear, it switches to low; if
already in low. nothing happens. Upshifting
is similar. Thus, to call for an upshift, the
rider pulls the lever back for an instant and
lets go. If the transmission is in low gear, it

2.00 inch radius

path ol pawl

lhrough cams

switches to middle gear; if in middle gear, it
switches to high; and if already in high, rcth-
ing happens. The benefit to this tlpe of shift-
ing control is that tlrc dder wastes no time
making fine adjustments to the lever posi-
tion, as is often needed when shifting into
the middle gear \yith a conventional front de-
railleur. The rider simply hits the lever ''into
the stops," and the shift happens automati-
cally.

Dealer Support

The marketing plan for the Browdng
hansmission was based directly on the suc-
cessful approach of the Browning Arms
Company. A gloup of well-trained, a«ive
dealers is the key. Browning transmissions

lriangular cam

.090" lalenl movement adiustmenl

oqual

Figure 7: Sclcctor assembly in posltlon 0n seat tube (upper drawing). Triangular cam and
r63cl cam contml the palh ol the pawl. Lowel drawing shows crilicål alignmonl belweon
pawl and cams.

are available to customerc only tfuough qual-
ified bicycle dealers and shops.

lnitially, only dealers are allowed to install
and adjust the udts; consumers will not be
able to buy the units "loose" to install them-
selves. The reason is that the selector as-
sembly must be aligned perfectly when it's
tust installed. If the chainri[g pawl does not
go precisely into the trianSular c:lm every
time, serious damage could result to either
the pawl ol cams, Forturutely, tåis critical
alignment process needs to be dorc orly
once,

The selector assembly is designed to snap
off the mounting bracket fo! easy leplace-
mert. (Position of the fixed mounting
bracket preserves the critical alignment dis-
cussed above.) If a selector ever needs ser-
vice, the dealer simply installs a new selec-
tor from stock on the customer's bike, and
returns the bad selector to Browflilg.
Browniag then ships a new selector to re-
plenish the dealer's stock. The net resuli is
that the dealer never faces the problem of
opening up the selector, with its more than
twenty small parts, for repairs.

Why BMX First?

Many would doubt the wisdom of trying to
sell a new transmission ioto a market where,
historically, shifting systems are distrusted.
Besides, the first BMX unit caries a retail
price of $250-quite expensive for what
might be perceived as "nothing but two
chaiffings. ''

Despite these drawbacks, the Brownings
saw BMX as the ideal challenge. If the new
product could take the jumping, bumping,
and dit crashes, it could take anything. In
shorl. the Brownings realized that lheir
transmission could survive in any market if it
survived BMX. Other factors also swayed
the decision. The BMX market is not as
tradition-bound as tle Ilraiostream racing/
fecreational market. And since there are no
competing transmissions in BMX, defensive
reactions from the derailleu manufacturers
were not likely. Finally, if the Browning
transmission failed to thrill the BMXers, this
would not necessarily jeopardize its success
in other cycling markets. So the Brownings
decided to offer pdze money to arly BMX
rider who wins a national event with their
products and to pay for personal endorse-
ments.

Now that a pro BMX dder won the 1984
ABA Nationals using a Browning transmis-
sion. other markets are in the Browning
sights. The all-terrain bike seemed like the
next roughest market, with the se ous tour-
ist in line shortly after that. As of tlis writ-
ing, protot pes of the ATB/touring model
are going out for dealer evaluation.

The largest cycling market, recreational/
sport riders, may be tlrc slowest to accept
the Bro&'r[ng transmissioo. After all, the av-
erage price for a department store bike last
year was $89.



How Does it Ride?

The way it works on tie road is the very
tling that got me interested in lhe Browning
project. I have been going to trade shows for
about 14 years and have tried all sorts of
bike gizmos. For the most part, they are
easy to discard for one reason or another:
too healT, too ugly, unreliable, etc.

The day I fust rode the Browning trans-
missiol, my attitude was "I'll be polite and
take it up the block." Well, that's all it took.
I was sure these folks had something. The
tust time I shifted, I wasn't sure that the
chain really moved. I was stardhg on the
pedals \r'hen I tded that first shift, and I was
sure that nothing was happeniry, so I tded it
again, and got off the bike to confrm that the
chain i{as in fact on the other chainring. At
that point all I could do was smile, and try it
again to make sure that it wasn't a fluke.

After a few minutes I could tell when the
shift was happening and began adjusting to
the new feel. Since the s.riog sector a.lways
picks up the chain at the same place, there
can be a delay of almost a fiIl revolution (a

second and a half at slow pedaling rpm's) un-
til the cranks come around. I had been ex-
pectirg the instant rasping and grinding (gen-

erously called "feedback" in the April 1985

Bih? Tech) lh^t tell you the front derailleur is

at work. Instead, I was disconcerted by the
silence. Like switching to a new electronic

§pewriler *lat does not male the letter in
immediate response to the key stroke, tle
small delay can be distacting for a while.
Once you're used to that, it's gleat! Now I
can't wait to get a Browniflg transmission for
my personal tandem; no more trying to com-
municate and coordinate that difEcult down-
shift while going uphill!

Ahgel Rodriguez started øorh ø.s a bihe sho!
uechanic i,n 1971. b 1973 he o|ened his ouk
shor, R+E Ctcles, and a !ea/ ld.ter studied

flahtebuildirlg in England. He has receioed
seoerul bicycle-related rater,ts. Nouad.als he is
best hnown for buildiw the Rodriguez Tan'
dems. Angel has been a cohs ltant to the

Brownitgs on tfu lransmission lrojett sirce
1980.

This artble uas u)ritten i cooberation with the

Octo Corrgt n! research teøa and the Bmuming A*-
tornatb Transnissian Comlant. Inqtiries concem-
ifig lhe ransrnissinfi m4! be sent k Brouning Auln-
matic T/ansr ission Contant, 105 West 2950
Sodh, Salt Izk Citr, UT alb.

I

Figure 8: Upshilting sequcnce: upshilt was started when selectff moved cams into posilion
as shown in Figule 5b.



Figure 9: Two views ol the main tesl machine at 0cl0 Company. The li ule holds the bike

upright and applies a load al lhe seat. A hydraulic m0t0r dfves thc crank axle lrom the lelt
side through univeEal ioints. A lricti0n brake attached l0 one 0f the rear rolle$ applies
rcsistance. By measuring rotational speed and totque at the lriction brake, powel lhrough
the kansmission is calculated.

Figure 10: Bowed ieelh on the swing sector for lhe ATBrlourinq model are needed t0
accomodate wide chain angles due lo shilting 0n the mulli.geal heewheel.

SPECIAL REPORT

American

Frame builders:

A Status Report

An In-Depth Survey

of Twenty-Four

Craftsmen

Mado Emiliani

A mention of the occupation "frame
builder" evokes a host of visions: beautiful
hand-craftsmanship, smooth-iding bicycles,
custom fit, status. Frame builders re.eive
their share of both admiration and enrT; af-
ter all, they make something which is truly
beautiful and yet very functional. Too bad
we're not all so talentedl

Except for those folks who are personal
friends with a fiame builder, most people's
knowledge about frames and frame bui]ding
is gleaned from magazines and books. Unfor-
tunately, some of these sources have been
inaccurate, misleading, or even higl y bi-
ased.

For example, there has long been a myth
that one has to have gray hair and speak Ital-
ian in order to produce a good frame, For
that reason, many people have discounted as
inJerior the brilliant, young new breed of
American frame builders.

ConlribulinS ro the problem is that Ameri-
can ftame builders have never had much of a

forum for inlorming lhe public about their
craft, or to toot their own horn-as well they
might. Fact is, Ameican builders have made
an immense contribution to the art of frame
building. To be competitive with today's
American-made frames, imported frames
must now exhibit consistently excellent
alignment, craftsmanship, and paint and
chrome finishes. Most imported frames
can't compete.

ln an attempt to provide the sort of forum
Amefican frame builders deserve, I sent a
long questionnaire last year to many leading
American frame builders. Their responses,
both facts and opinions, are summarized be-
low with a minimum of editing. In a few
places, I have added my own comments
(clearly identifed as such) to help put mat-
terc into perspective, The resulting status
reporr is surely the mosl comprehensi\e
view yet presented, regarding the Amedcan
kame builders, therr techniques. and their
pnctices.



Anyone considering the purchase of a

high-quality frameset or bike should find in
our survey many good teasons to "buy
American." The survey results should help
you understand howAmerican frame builders
work, ard may help you decide which frame
builder is best suited lo salisry your riding
needs.

Finally, those of you who have been
tempted by visions of jigs, brazing rod and
torches should find much valuable informa-
tion about the frame building business in
these pages. Good luck!

The Frame builders

The questionnaire was divided into four
sections: l)The Frame builder and His Busi-
ness; 2) Frame Tubing, Frame Components,
and Brazing; 3) Frame Failues and Product
Liability; and 4) Miscellaneous Questions.

I sent the questionnaire to 32 Amedcal
tame builders chosen on the basis of geo-
gaphic diversity, range of experience, and
production volume. Prior to sending the sur-
vey, I asked each frame builder if he would
answer the questions, some very personal.
To my surprise, nearly every frame builder
was eager to respond to even the most sen-
sitive questions. I received back 24 ques-

tionnaires, a 75 percent return rate. These
builders are listed h the accompanying box.

I do not list individual mmes along with
specific responses since I promised anonym-
ity in order to obtain more candid and com-
plete responses.

Two notes: Although Albert Eisentraut is
making very few frames these days, he will
be gearing up for increased production soon.
Albert has a lot of experience, and I have
high regard for his opinions. Also, Dave
Moulton is still a B tish citizen but can be
considered an "American" frame builder
since he is working in this country.

On some questions, I sensed a geneml
consercus of opinion, and tried to group the
responses to reflect this. On other ques-
tions, tlere was a wide diversity of opinions,
and I have tried to represent them all fairly.

The Frame Building Busines

qt Hou lofig haoe to beefl bltilding
frames? How long haoc you been selling
frømes?

A: The 24 frame builders have been build-
ing fiames for 3,5 to 27 years, with an aver-
age of 10.95 years. The percon with 3.5
years experience had worked with a torch
for 21 years as a designer and sculptor. The
frame builders have been selling frames
(mostly under their own names) for 3 to 22
years, with an avemge of 9.31 years.

Q: Are yu a full-timc buildct? lf so, how
long? If you're ø Part-tirne frame buildel
whøt do løu do for ø lhting?

A: Sixteen frame builders make frames
f.iltime and have a! average of 8.59 years
of experience. Four builders work part-time

and hold such diverse jobs as hai$tylist, ma-
chinist, railroad brakeman, and manager for
the phone company. The rest divide their
time between frame building and running
their bike shop and/or import business.

Q: Do you refair frames? Do you faint
flafies? Do lou irnbort qel;ng goods or etqøge
in other tjles of basirxess dilectb lel.oted to bi-
clcles? Hout mach of t\rur business does each
of these actioilies account for?

A: All Z ftame builders repair frames to
vadous extents. Some specialize in repairs,
and a few do it as a service only to buyers of
their frames. Twenty-one paht frames, and
mary refinish frames. Fifteen builders are in-
volved in related activities such as import-
ing, retail sales, wheel building, manufactur-
ing custom touring racks and other
comfionents, Iesearch and development, and
computer software for frame design. Only
three builders derive over half of their busi-
ness from selling or importing general "bike
shop" merchandise; the remainder have
very small retail or import businesses. So 85
percent of the typical frame builder's busi-
ness is derived strictly from frame building,
frame repair, and frame painting.

Q: Are you the ong ftame builder in yur
shoi? If not, how man! Peolle buiW entire
frames? Hou many build jun portiots?

A: Thirteen frame builders work alone,
four builders employ others (two to six peo-
ple) to build erltire frames, and three fi:ame
builders employ one to three people to build
portions of frames. One builder employs an
apprentice, and the rest have up to three
persons who do finishing work, i.e.,6ling
lugs, sanding, painting, etc.

Qr How many hours does it tahe lou to buil.d.
an aoerøge frame? Hou ttaly frames do you
build each yar? Hout maqt frames haue pu
built in yur career?

Ar To build a standard ten-speed fiame
(minus the paint job) takes from I to 47.5

hours, with an average of 25.10 hours. Flve
frame builders make basic no-frills produc-
tion ftamesets, which in one case takes as
little as 6 hours.

The tame builders male from 5 to 400
frames a year, with an average of 118 frames
a year. If the five br-rilders who make over
100 frames are removed from the analysis,
the average number of frames built is 53.

Over their careers the frame builders have
rnade from 36 to 3500 frames, with an aver-
age ol 843 frames. Clearly, some builders
have made a lol oI frames. If the eight ftame
builders who have made over 500 frames are
omitted, the average number of frames built
is 219.

qr What Wes of lrames do lou itahe? What
k the aoeruge retail Pice of ø . aoerøge ffame?
Do lou sell comPlete biclcles? If so, Nhat ler
centage of your sale,s is t rdde this u)a!?

A: Forty-two percent ofthe builders make
frames for sport cycling, 40 percent make
road-racing frames, 33 percenl make louring
frames, 10 percent tandem frames, 6 per-
cent off-road frames, 5 percent track, and 6
percent other (i.e., recumbenL. wheelchair,
tricycle, mixte, etc.).

The average retail price of a custom-built
frame is $7Æ. However, the price call ex-
ceed $1,500 for special custom frames, or
can be as low as $475 for non-custom-6t pro-
duction frames. Twenty of the ftame builders
sell complete bicycles, which account for an
average of 44 percent oI their sales as a
group. The percentage of complete bikes
sold mnges from 8 percent to 95 percent.

qi Whot guaranlee do yu gioe with new

frames? Is it in uiting? IfJo had to r at,
uould lotr guarantee be ant diflelehl lhah it
is today?

Al The frame builders give three types of
guamntees: lifetime, limited-time warranty,
and "case by case"; and these guarantees
generally cover a.lignment, performance, and
defeat-free materials and workmanship.
Thirteen builders give lifetime guarantees on
thet product, usually only to the original
owner. Only two give wafianties coveing a

fixed-year time period; one covers five years
and the other covers one year. One frame
builder gives a five-year warranty on racing
fiames, and lifetime on touring frames. The
rest have no fixed policy, but make a sincere
effort to do what they can to please the cus-
tomef,

EiSht builders put their Suarantee in writ-
ing. The remainderdon't because customerc
don't ask for it, or because they feel it's a
worthless document. The frame builders are
very concerned about preserving their good
reputation, ard they believe this is best done
by giving their word that they wil satisfy the
customer completely.

Only two builders said they would like to
change their 8uarantee. One would like to
make it 15 years instead of the five years his
lawyer recommended. He feels that this is a
rea.listic waEanty period, unlike lifetime war-
ranties. The other tame builder who now
gives a lifetime warranty would like to give a

limited-time warranty. He believes that a
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fiame can't be expected to last forever;
tames are subject to rusting, wearing out,
and simply detedorating, just like other com-
ponents on the bike, he says.

The waEanty questions stirred up a lot of
emotion. One frame builder said that lifetime
warranties are ridiculous since so many
builderc have gone out of business and arc
[o loflger around to back their guarantee.
But all frame builders felt that they would do
whatever it takes to please the customer,
One builder. gave a ftee nev, frame to a cus-
tomer whose old frame failed as a result of a
mild c.ash. (I know that many frame builders
will gladly repair tie frames they build, at
tleir own expense. even when the damage is
not their fault. You won't 6nd this kind of
commitment with imported ftames.)

qi Do lou g atuntee relain made on your
framzs? Oa other branls of frames?

A: Eighty-seven pelcent guarantee re-
pairs made on their own frames, and 70 per-
cent guarantee repa s made on other brands
of frames. Most frame builden limit cover-
age to what was actually 6xed-a tube that
breaks next to a repaired joint wouldn't be
covered, for example. Five builders said
they would continue to warranty their own
frame even after they had made lepairc as
the result of a crash. Some builderc were not
willing to guarantee even repairs tiey made
on their frames if they'd been cmshed be-
cause hidden defects could cause failure.
Others refuse to guarantee temporary or
"quick and dirty" repairs requested by the
custome!. Those who don't gualantee re-
pairs on other brands of tames said they
don't want to take responsibility for another
person's work.

Qt Hou da you fit frames to custoflers?
A: All respondents employ a combination

of methods to determine frame size. The
most popular technique combines tape-
measured body measurements, the cus-
tomer's old frame size, the frame builder's
catalogue of geometries he can build, and ex-
pedence. Five builders a.lso use the FIT-
KIT, a system devised by Bill Farrell of New
England Cycling Academy, Lebanon, N.H.
Two frame builders also use theL own mea-
suring jig, and one also uses a computer pro-
gram for ftame design.

qr How do custonters rtnd o t about !ou?
A: While almost everyone agreed that

word-of-mouth is the best way to attract
customers, all but eight builders supplement
this metlpd wit-h advertising in plint, articles
in cycling magazines, references in books,
and appeaiances at trade shows, races, and
tours.

q, What pelcentage of tour sales are
through bihe shot§?

A: Five of the builders sell over half of
their frames through bike shops, eight build-
ers sell less than half through bike shops,
and eleven sell all t}eir f:ames directly to
customers.

Q. What are the rntin selling loints of toul
frames?

A: Nearly everyone mentioned quality
conuol, fit (of ider to frame, and suitability

for intended cycling use), wo*manship, fin-
ish, ide, and the availability of custom fea-
tures. Six builders, who had the capability to
6ll orders witlr little or no wait, said availabil-
ity was also a sales feature.

Frame Tubing, Frame Components,

and Brazing

qt What blahds of htbing do 1ou use? Why?
A: All but one builder listed Rel,nolds and

Columbus as theL bmnds of choice. Seven
also use Tange, Ishiwata, and generic ÆSI
4130 tubing for certain applications. Nobody
uses Vitus tubing on a regular basis. Four
frame builders use ozll Columbus tubing,
while two use ofi,, Reynolds tubing. One
builder says his choice of tubing is a "se-
cret" and sells his ftames without a tube
identification decal.

Most frame builders explain their choice of
a specific brand of tubing by citing "con-
sumer demand" and "good availability. "
Other reasons were lov price and high qual-
ity. One builder said he uses Columbus tub-
ing because of the variety of gauges and ta-
pers available .

qt Hou da tou decide uhich gawes of tub-
ing to use? Do lou use ultra+hin tubifig?

A: All said they choose the tubeset ac-
cording to height and weight of the rider, as
well as the tlpe of ftame and riding condi-
tions. Twelve buildels said they're willing to
follow customers' preferences for tube
gauges, and three ale concerned with the
fiding style of the cyclist.

Eleven of the frame builders prefer to
avoid ultra-thin tubes, believing that weight
savings are negligible and that such frames
don't last lon8. Thirteen builders said they
don't mind using thin tubes, but generally
with the qualification that they use them or y
if tle situation calls for it (e.g., time trial
bikes). Many would warn their custome$ of
the Iimitations of thir tubing.

Comment: Years ago, some American
builders were willing to try anything-some
of their frames were quite far from the
norm. Thus they gained a reputation as ei-
ther iconoclasts or lrivolous amateurs. But
tlEse lesponses seem to indicate a reversal:
American fiame builders showing truly pro-
fessional concern that customers get the
proper size ald weight tubeset-while many
foreign manufacturers will mass produce
ultra-light frames and sell tiem to all com-
ers.

Q: Do 1ou use dilferent fillet metals on dif-
fefiøt areas of the f/afie?

A: All use at least 2 or 3 different brazing
alloys in different areas of the hame. Their
choices deDend partly upon the type ofjoht,
i.e., lugged or lugless. There are two
classes of filler metalsi silver and brass braz-
ing alloys. Most users of silver brazing alloys
use tiem for lugged joints - that is, top tube/
head tube joirts, bottom bracket joints, fork
blade-to-crown joints, etc. The silver alloys
characteristically melt between about 1145-
1350 degees F and are favored because

silver-brazing is quick, clean up is easy,
tubes can be readily replaced, and tubes are
distorted less by the heat.

Brass-brazing alloys melt between about
1630-1720 degrees F, and are preferred for
joints with large gaps, such as dropouts.
That's because these alloys have a wide
melting range (i.e., the difference in temper-
atures at which the alloy is completely solid
and completely liquid), and are thus easy to
build up or fillet. Brass filler metals are also
used to avoid remeltiflg on certain joints that
will be reheated to the silver-ailoy range.
For example, seat stays are often "capped"
by brass-brazing and lhen lhe seat cluster is
joined by (cooler) silver-brazilg. Finally,
brass is widely used because it is economi-
cal.

Qz Do silær-brazed frumes haoe greatel
søles aWøl?

A: Sixteen builders rhought so. but their
reasons varied widely. Five builders feel that
silver-bEzing really does produce a mechan-
ically better joint, and tius its sales appeal is
justified. They cited mostly correct reasons,
including: easier clean-up and repair meth-
ods with silver-brazed frames, and less tube
distortion due to lorÅ/er silver-brazing tem-
p€mtures.

One frame builder called silver-bEzing a
"sales gimmick," anotler thought it cost
prohibitive, and another said consumers in-
correcdy assume pdce is synoflymous with
quality. Five builders who acknowledged sil-
ver's sales appeal said a skilled builder can
make a good frame no rnatter what blazing
alloy is used; I'm sure many others feel the
same way.

Q: What defects do lou rt l ir, flarrre tub-
ing? Which brands of tltbing ho,e the fiast de-

fects? llhich bmnds haoe the best quaLitJ con-
bol?

A: The answers here depended on how
many frames the builder had made; small
builders see few defects, and lonS-time
builders aren't likely to be bothered by a few
defects because tubing quality is much better
now tha[ in the past. Also, users of only one
brand of tubing will never encounter defects
in other brands.

Overall, the frame builders didn't feel tlat
tubing defects are a big problem, since the
ftequency of defects was very low (on the
order of about 3 percent). As for qua.lity con-
trol, the consensus was that Columbus, Rey-
nolds, and Tange, in that order, were the
best. But at least three builders felt that all
the manulacturers have about the same level
of quality control.

The most common defects me[tioned
were: out-of-round tubes, oversized tubes,
slightly bent or bowed tubes, drawing tears
(i.e., gouges along the length of the tubes),
delts, rough surface 6nishes, spiral bulges
caused by not pulling the mandrel out
straight, and pits.

Because Re)'nolds and Columbus are the
most popular brands, it's no surprise that
frame builders would siflgle them out when
listing defects. The major defects are draw-
ing tears h Reynolds 531, and bowed tubes
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in both Reynolds and Columbus. When asked
whether they reject tubes at an "uncomfort-
ably high rate," 79 percent said no. One per-
son said the quality of all tubes except Rey-
nolds 753 satisfed him. One small builder
noted that all tube rejects hurt because he
cannot absorb the cost. Anotier said rejects
are part of the cost of doing business since
it's too much effort to return a few tubes.

Q: Do 1ou find dzfects in frame cornlonents
(i.e-, Iugs, bottorn brø.heh, dlofou.k, forh
cmuns, braze-ons, etc.)? Are the, associated
with an! !ørlicular manuftrcturer?

A: Nineteel buildels said the rejection
rate for ftame components isn't high enough
to be a problem.

Common defects in frame components
were: undersized outside diameters of lug
sleeves (or oversized tubes!), pits in invest-
ment cast components, argles of the chain-
stay sockets in bottom brackets are off, and
cable guide holes are off-cente!, Campagnolo
dropouts were listed specifically by sevefl
builders as having poor forging qua.lity. Eight
frame builders said defects welen't a prob-
lem (some fix minor irregularities), and nine
said that defects weren't associated with any
particular manufacturer. Those who did list
manufacturers spread it out evenly over
those Foducing tame compoflents.

q: What guarahtees uould tou lihe to haoe

flom ,narrufacturers of hrb;ng and comqo-
,rznts?

A: Eight builders thought the existing war-
ranties good enough, while six said that man-
ulacturers should assume complete liability
for defective products. Four builders thought
that manufacturers should simply inspect
their products better, three said no waranty
is needed, one thought replacement of de-
fective parts would be sufEcient, and the
rest didn't answer the question thoroughly.

qt Do lou nomallf cold set frames ard
forhs?

A: Cold setting is a process used to align
and straighten frames, forks, and dropouts
by bending them to their proper position af-
ter joining (and sometimes at periodic inter-
va.ls during joining). Also, forks and rear tfi-
angles are often spread apart a small amount
after joining to compensate for thermal
stresses which draw the dropouts together.

Consumers think that competent frame
builders shouldn't "resort to" cold setting;
they imagine that frames and forks come out
of the jig straight as an arrow. However,
frames rarely come out straiSht enough for
no-hands riding because jigs aren't perfect,
thermal skesses alter aligrment, aJId tubes
aren't straiglt to begin with. These a.ll con-
tribute to small amounts of misalignment, so
cold setting must be done to ensure a proper
ride. It s as much a part of the manufacturing
process as is fling lugs.

Twenty-two builders said tley cold set
their lrames and forks by "small amounts, "
typically less than 2 millimeters. Only two
said cold setting a correctly brazed frame is
unnecessary. One frame builder {rho said
this noted that he cold sets his dropouts ''oc-

casionally" to make them parallel to each
other, and the other aligns the rear triangle
with his torch. (This torch method works -
I've done it - but it is inexact and may cause
the stays to spread farther than is needed.)

Two frame builders objected sEongly to
those who say they don't cold set their
frames: They said that a frame builder who
doesn't cold set is "either lying or kidding
himsef that his frames are straight." Ooe
noted tlat "all fork blades are ovalled and
bent cold, so why are consumers so con-
cerned about cold setting? "

The most prevalent reason given for the
need to cold set is that it's the only way to
obtah a near pedect a.lignment. Some fiame
builders said that even though they make
very straight frames, their own standards
fo! alignment dictated small corrections afte!
joining. One builder expressed concern over
frame builders who, by making large cold-set
adjustments, can put bulges in tubes or
cracks into bEzed joints. In summary, build-
ers would like to end tie controversies about
cold setting. They would tell you tlat, used
intelligently, it's nothing to be concerned
about.

What If . . . the Frame Fails

Qt Eow many of you.r frømes haoe failed?
Did thzy føil cohsistehtlt in ary la*iculør
fløce? llas aryoøe injured?

Ar I was surprised that all but two of the
fraine builders answered this question. Five
said they'd had no åilures. The seventeen
others avenged 4.5 frame failures, with four
of the seventeen having only one failure. The
greatest number of failures was 15 to æ by
one highly respected long-time builder who's
made over 2000 ftames.

Many pointed out that most failures oc-
curred early in their careers and that they
have long since corrected the way they make
frames. In additiol, mary failures were at-
tributed to defective components which

ftame builders couldn't have known about
beforehand. I found no correlation between
the rumber of tame failues and the numbe!
of trames built.

Only one builder had a failure which re-
sulted in (minor) injury. Apparently the
steering column separated from the fo*
cIowrl. Ten builders said they'd experienced
a similar tyge of failure in their frames, but all
have made cofiections in their fabrication
process to prevent a recurrence.

Q: If you had a frame failure caused by de-

fectioe corflPoh.ebh, did the ,nafilfachtrer of
thz cornbonents fut for lelai/s?

A: Only thirteen frame builders answered
this question, all saying no manufacturer has
ever covered the cost of labot repainting, or
frame replacement due to a component fail-
ure. A few were able to obtain new parts
free tom the importer or malufacturer, but
felt it wasn't worth the effort of proving who
was at fault,

Some builders noted that impolters don't
handle claims for defects, ald distance
makes it imEactical to seek restitution ftom
foreigr manufacturers. One frame builder
said "most manufacturers will never accept
responsibility, so there's no point in ask-
ing, He stated further that he repairs
"about 10 qacked Campy 10108 dght rear
dropouts each year (on all makes of
frames), " and believes those dropouts have
a "design defect." Anothe! builder said tlat
"every self-employed person has to do
some work for nothing for the sake of good
customer relations."

Comment: Even though hilures are rare,
ftame builders spend more time and money
than they'd like fixing frames which failed as
a result of defective comppnents. Many
would like to see manufactruers assume !e-
sponsibility for the components they make.
But nobody thinks manufacturers will will-
ingly change their "you-bought-it, you-own-
it" method of doing business.

Qt Are you ircortorated? Do 1ou carry
Ilod ct liabililJ ihsurance?

BIKE TECH
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A: Only seven of the builders, most of
whom also have retail or import businesses,
are incorporated. They did so for financial
and tax purposes, arld to separate them-
selves tom business liabilities. The rest,
who aren't incorporated, either haven't
looked into it or were advised by lawye$ or
accountants that their business is too small.

Fifteen frame builders have product liabil-
ity insurance, with coverage ranging from
$25,000 to $3,000,000 pe! accident. Most of
those $'ithout covemge said that its cost was
too high. But the costs mentioned by those
with covenge were $0.69 to $10 per ftame.
To my mind, that's very litde money for
peace o[ mind in today's litigious society.

Customer Relations

Qt Do consumers haue realistic etlectations
tuheh thej tuant to buJ a frame?

A: Eleven frame builders said consumels'
expectations were about right. They said to-
day's customers are "well-informed," and
that the builder's own standards are usually
higher thar the consumers' anyway. To my
surprise, only four builders thought expecta-
tions were too high. One reason is that
"customers aren't avare of the limitations
of hand craftsmanship and the materials
used. " And problems with handmade frames
do occur. The most common are minor cos-
metic blemishes in bmzing or paint.

Believe it or not, five frame builders
thought consume$' expectations weren't
high enough. The most sensible reason is
tlat consumers "do['t fully appreciate the
effect of the time alld effort put into custom
6:ames." One ftame builder said this is the
fault of "magazines, books, alrd bike shops,
which glorify inferior products,"

qt Do tou thinh frante building qualit!
standards should be adofted?

A: I asked this question because some
frame builders feel that inexperienced part-
time builders rellect badly upon their busi-
ness. Horrever, or y four builders said they
favor frame building standards, while two
said "maybe," noting that minimum salety
standards and assumption of liability by the
builder would be desirable. The remainder
said no standards should be set. Most felt
that "hobbyists" don't affect their business
much. and those who can make good frames
deserve the business.

Q: Would 1ou st flolt 4 f/arte hiwer's
crafi g ild?

A: Seveml years ago, an attempt to form a
guild failed, partly because some builders
suspected, rightly or wrongly, that the orga-
nizer (a frame builder and importer) was try-
ing to monopolize the market for frame build-
ing supplies.

Fifteen builders thought a craft guild a
good idea; most said it could increase their
buying power for materials, advertising, and
liability insurance. Two builders had no opin-
ion, and the remainder were opposed.

The comments I received indicate tiat or-

ganizing a guild would be difficult, no matter
how desirable. For example, one frame
builder said he wouJd join only if 'four or 6ve
others whose work I respected would be the
(other) members."

Qt Hoø manl frames ur.st a lelson , oke
to become a cont etekt buildel?

A: Many builders said that an exact num-
ber could not be specified, since differences
in learning ability and investment in fxtures
and equipment were also important. Others
said that about 50 frames was the minimum,
but noted that some builders have been
working for years ard still can't get it right.

q, Do tou ,totice trobletus tuith irkloied
ftames?

A: The frame builders felt, in general, that
imported frames suffer from inconsistent
quality and poor mitering, brazing, align-
ment, ard 6nish. One builder said imported
fiames are "a]l hype, decals, and chrome;
they may look as good as hand-crafted
flames, but they are just cheaply built
ftames made from high quality materials."
He also said "the public is led to believe
these imports are the same quality" by ex-
tensive advertising.

Another comment on imported Irames:
"They all come fiom much larger shops than
mine, and as such cannot glve as much atten-
tion to details. The paint iobs on some of
them aie pathetic . . . alignment can also be

a problem. I loved the ad a few years ago for
a leading Ita.lian tame that was designed to
take either five- or six- speed rear hubs! [
guess they put those dropouts somewhere in

the middle and you just made up the drffer-
ence with a little push and shove."

Arother builder noted, 'There are loreign
builders doing beautiful work, but importers
bring in the shoddy, fast-buck frames. These
bikes have problems, all (oD which indicate a

hurried building process." Another said he is

impressed by the mid-priced ($500-$800)

Japanese production frames, and noted that
"their alignment, brazing, and quality con-
trol are far better than the European bikes in

that (price) Iange."
Finally, one builder said that imported

frames "sell because they are available." (A
good point, I think: many customers are not
willing to wait 2-6 months for a frame.)

Q: Hou do yo justily tht highet iice of
,ou/ frumes, comøared to imtolts?

A: Most said they don'tjustify it; one look
is enough to coDvince people that their prod-

uct is superior, Bul some builders said their
"overall quality is better" because they
spend more time on each frame and pay

closer attention to details.
Some builders pointed out tiat they make

produation frames or relatively inexpensive
custom frames that are competitively priced

and higher in quality than mass-built imports.
Q: Do you lose , uch busin?ss to th? im'

porled frarfie , arhet?
A: Ten frame builders said no, citing such

reasons as: "[ have all the bu§iness I can
possibly handle," and "Ou market is with
people who .rant a finely finished frame. The

import customer wants lots of chrome,
stickers, and pizza sauce."

One builder said that "American builders
must become automated if they are to com-
pete with imported frames in the years
ahead. They must use automation to de-
crease the time spent on machining, align-
ment, etc.. rhereby allowing an hcrease in
time speDt on the real craft of frame building;
. . . hand shaping of lugs, finish, and cus-
tomer interaction."

Eleven frame builders said they lose soøz
business to imported frames. (One added
". . . but rlr?, are a.lso losing some business
to me, ")

Conclusion

Conducting this survey was quite an ad-
venture. Some frame builders who did not
participate were [othing short of rude at my
attempts to enlist their heip. One builder
said he couldn't fill out the questionnaire be-
cause it was suited only for "garage-shop
amateurs.' rHe considers anyone building
less than several hundred fuames a year an

amateur.) I asked him to change the ques-
tions to suit himself, but I never heard from
him again.

Another frame builder declined to partici.
pate because he felt that "customels knew
too much already." He said past technica.l ar-
ticles told customers more than they need to
know, and they ask a lot of questions he

doesn't have time to or want to answer.
Aside from these few, a1l the other re-

sponses I received were sircere and helpful.
American frame builders are defnitely com-
mitted to the highest degree of technical ex-
cellence in their craft. In my opinion, no one

can seriously claim that American-made
frames are injerior to those of the European
"master" builders. In fact, American frames
as a group have the highest. most consis-

tent, quality of any frames in the world.

Thanks to the frame builders whose re-
sponses to the survey made this article pos-
sible: Matt Aasolmrcher, Assen-
macher Lightweight Cycles; Bob Beecoft,
Bob Beecroft Cycles; Ror Boi, RRB Cy-
cles, Ltd.; BiII Bo€toD, Bill Boston Cycles;
Salo Braxton, Braxton Bike Shop; Blll
David8oD, Davidson Cycles; Albert Ei€€tr
trauti Glenn Erickson, E * E Cyelee;
Bruce Gordon, Bruce Gordon Cycles; Jim
Holly, Cycles Griffon; Skip Hujaak, Hujsak
Bicycles; Tom Kellogg, Spectrum Cycles,
Inc.; Ctrie Kvale, Chris Kvale Cycles;
Boone McReynolds, Doablo Cycles;
David Moulton, David Moulton Bicycles;
And;r Newlaude and Damian Boller-
Eann, Shawberry Cyclesport, lnc,; Mark
Nobilettæ, Nobilette Cycles; PetBr Quel"
lett, Quellette Cycles; Jim Orlord Ox-
ford Design; Chrie Pauley, Ckis Pauley
Frame Design; Daw Plaatenga, Plantenga
Framesets; A.gsl R{dr€guez, R * E Cy-
cles; Bichord §acås, Richard Sachs Cydes;
Peter Wetgle, J.P. Weigle Cycles.

nll\r- r r-\- rl
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IDEAS & OPII{IONS

Shimano's Shiftins

Psvchologv 
(r

And Decision

0verhad
Mr Okajima's article on the Shimano New

Dura-Ace shifting system in April 1985 Biå?
2c, is laudable for its clarity and breadth of
coverage. I agree with Mr. Okajima that ox-
ygen consumption is an important variable.
But actual race performance is "the bottom
line." Better performance on the Shimano
treadmill test might sornurrr4es trarNlate into
improved racing performance, but not al-
ways. My impression is that the Shimano
SIS system proides a lychologbøl advan-
tage that is just as important, if not more so,
tbanllre biomecherrical advantages that were
reported in the article.

On a 2 to 5 percent upgrade at 15 mph, the
Iimiting factors are more likely to be local lac-
tic acid accumulatio[ and leg muscle fatigue,
rather than total body maximum O, con-
sumption. This is clearly seen m exercises
which require arm, leg, and othe! muscles to
large degrees, e.g., swimming and cross-
country skiing. (See repolts by D.L. Costill,
et al., referenced below',) Thus, oxygen
consumption savings will reflect decreased
calorie expenditure, but not necessarily im-
ploved cycli[g performance.

Comments on the oxygen measurements:
The description of the measurement proce-
dule was not complete. For all purposes ex-
cept rough estirnates, measurements of ex-
pired gas mlume are requted as well as the
gas analyzer readings. In the article, Figure
11 showed air collectiofl bags, not the gas
analyzer mentioned in the caption. The
reader must assume that correct procedure
was employed, afld that conversion to stan-
dard temperature and pressure was made.

The Shimano treadmill test seems to be a
good simrlation of amateur road-racing con-
ditions, but to be certåin, we should know
more about tie subjects' maximal O, con-
sumptions and body weights. For normal-
weight subjects, the measured O, consump-
tion at the 2 percent grade would be classed
as "healry" exercise, while the readings at 3
percent, 4 percent, and 5 pelcent gade fall
in the "very heavy" cåtegory (Morehouse
and Miler, 1976). I estimate that the ridels'
maximal O, consumption would be at least
4.7 liter/min (assumiry that the reported
readings were about 70 percent of rnaximal) ,

compared to a world record of 6.2l liter/min

set in 1968. Thus, the Shimano test was rea-
sotubly demanding ol the frers tfioi.dad
they were of average or below-average
weight.

Assuming that the 0, measurement was in
fact done correctly, I still believe Mr. Okaji-
ma's interpreration of results could be mis-
leading. First, data from or y one of the
tkee riders is presented. Second, at only
one of the four working levels (3 percent
grade) did the Shimano system produce a

statistically signifcant improyement, reduc-
ing a 1in 20 chance to a I in 5 chance. The
75 percent confdence levels for grades of 4
percent and 5 percent would be viewed by
most scientists as interesting but not statisti-
cally significant. The contxadtctory inøease
in O? consumption with the Shimano shifter
at 2 percent grade is udatly ignored. Over
all four grades. the average O, consumption
improvement is 2.65 percent (though this
average may lack statistical signifcance). In
short, the O, consumption data needs more
analysis to demonstrate a solid case for the
new system.

A genuine reduction in O, consumption of
2.65 percent would certainly improve bicycle
racing performance. However, the Shimano
testing required a shift every 5 seconds, a

condition seen in no ordinary bicycle race or
tour. Riders are more likely to shift about
once per minute on the average. Thus, I
would expect to see O, consumption im-
provements during racing of rougl y 0.3 per-
cent. While even a third of a percent im-
provement is pmiseworthy, one readily sees
horv laboratory tests showing 3 to 6 percent
implovements may not be borne out in field
testing.

The real advantage of the Shimano SIS
system. I thin], is that it reduces "decision
overhead." Here's what I mea[: I have en-
joyed riding a five-speed Sturmey Archer
rear hub coupled with a TA triple tont. I can
attest to the advantages of an openJoop ver-
sus closed-loop manual control: the S-A hub
shifts quickly and clear y. To me, this is
wolti the estimated 1 percent loss in me-
chanical efficiency. (I only wish that the S-A
hub had held up to norma.l touring use.) I
personally wouJd prefer an indexed shifting
systemlor islchalogica, advantages as much
as for presumed energy-saving reasons.

What are the psychological advantages? A
ride! is constantly making decisions regard-
ing gear requirements, shift timing, body po-
sition. bike position. pacing, etc. A decision
to shift results in benefts (e,9., riding effi-
ciency) which must be weighed against its
costs. Costs include the necessary muscular
exertion, partial loss of steering control, and
the possibility of a mis-shift. Another cost is
the "overhead" of making the decision it-
self, which includes the time and a(ention
needed to think about it. Knowledge that a

mis-shift is very unlikely could greatly re-
duce this "decision overhead" for many

dders. It is fat to say that a rider who has
less reason to worry about mis-shifts has a
psychological advantage.

Once a decision to shift is made, the SIS
indexing system will defnitely reduce the
shift time, and will thereby reduce the period
of steering instability, and the chalce fo!
mis-shifts, and may perhaps save a bit of
power. Any time and effolt saved may tien
be devoted to other tasks, rÅ,hether they be
positioning, cadence, vehicle dodging, or
turning to look at a glorious stretch of scen-
ery. These decisions are usually made al-
most simultareously with a shift. While a
conventiorul rider sænds an additional thfud
of a second per shift on the shift motions
alone (not to mention the decision over-
head), the Shimano rider has that time avail-
able for other tasks. In short, ease of shiliing
frees the rider for other activities. Finally, at
a reduced cost, a dder can "afford" to shift
more often, especially in marginal situations,
and thereby perhaps improve efficiency.
Such increased freedom oI action is what I
mean by a psychological advantage. This
may be very important if tle rider is operat-
ing near his behavioral limits.

Unfortunately, it is hard to trooe that a
psychological advantage exists, since we
camot observe the decision-making process
directly. In fact, once we can measule and
improve a behavioral/mechanical per-
formance-like Shimano's shifting speed-
we stop callirg it "psychology" and cal it
biomechanics iNtead.

In any case, whatever we call it, the Shi-
mano lab testing has defnitely made some
crucial discoveries about bicycle shifting sys-
tems. But to go furtler with this research, I
thinl it is necessary to correlate the O,
treadmill measurements witi real world per-
formance on the racing course.

Flederic& J. Rayfield, Ph-D.,
Associate Professor of Psychology
Roosevelt University, Chicago, IL, and
President of Raldeld Equipme[t, Ltd.
(a manufacturer of computer ilterfaces and
spirometers for oxygen consumption
measurements)

''Enzrg etterrditurc duiiglm t claul so;mfiihg:
Pledicling sltccess in niddla dislance suint ing;"
br D.L. Costill, J. Xo\alr:hi, D. Po e/, l. KiruaL
R. FieUirE, and. D. KinE; International Journal of
Sports Medicine; ir r/ess, -1985.

"Measuftme ol n øn krce and fuuer duirrg
furrt caau,l §"intnits;" bt D.L. Costill, F Ray
fuU, J. Kiruan, a d R. Thn nlls; submitted lor
l bli&tiM 1 5.

Physiology of Exercise; ,) A,E , Molehouse and A.
T, Mi er; C. U Mosbf Conlanf, St. Louis, MO
1976.

"Relatbfishi, bet&ven fou,el a spr n lreesgle
suirn tlirg;" bt R.L. Sha$, J.P. Trour, ahd D.L.
Crsålr; Med. Sci. Sports E ,ercisei vol, 14, lages
53-56, 1982.



Mr- Okøjina replizs:
I aweciate D/. Rølfeld's lefter, which ex-

tlaibs clearlf what the Shhøno SIS systetn

can do duing shifiing. I agree uith most of
hisiotes, bat I haae some cotwunh ønil efila
doto to claih thz disilt d ,oinh.

In the Atril Bike Tech article, the full O,
hreasurernent slstem uøs ,tot shoun in detail
døe to s?ace limitutions. We used Douglass
collection bags and o srirometer to meas /e
lha olur c of erpiled gas. Tlufi the corniosi-
tion of a srna.ll sø.tt le of gas was determined

b tha gas ø. al!ze/. Tfu cotect ilocedlan, øs

he øssuued, uas emqloled, For corr.Olete ob-
jectitit!, ø lrofessor on the fac ltf of a sborh
colkge designed all the et?etifiextal set-ufs
øfid cordu.cted the data aqais;tion arrd. aialt-
§§.

The subjects uere oll ulodenced idels.
Their marimum O, intahe measurcd o the

bihe tred.ttr.ill uas 3,8 to 4.9 liters/min (at 20
deglees Celsius). whih, accoutttittg for thcir
uewt, equals 65 lo TS rrlkg/niib. Ii the

U.S-, thef u.)ottld be ro.ted with those u)ho

couw finish the National Charn inhshils but
rrot necessorib in the tol tue .ly. All had en-
joled trøifling a d racbrg lor man! learc uith
Comtagnolo derailleu$. Thus, the! were W-
icøl of riders who haoe laced for ø feø )ea/s.

I øgrce with Dr. Rayfeld lhal a reduclion in
02 consurn tiofl does not akwts meah better
cJclirrg leio/mahre. In fact, lower cadence
(ufider 60 r\rn) often decleøses O, consuflt-
ti.t n, but lacers still lnfe/ highzl cadarlces
(o\e/ 100 ,ttt) lor befter fefontaue. They
uay feel betler using higfur cafuntæ in racirg
to go faster.

Howeoer, wr stud! uas contlolled so th4t
all facets of tlv idars' futfonnaxce (i-e., uorh
loøil, cadence, lost /e, shirting octiofi, etc,)
uere tfu sarne in all triak, Tfurefoæ, redøed
O, cohsumltiol in our studt does indicate
that the s bjects could ide easier orfaster uith
the SIS ststern.

Ou procedure øas ilesigbed so that fatigae
o l anaetubic focto/s oould not alfect th.
les lts. Afler the )a/tt-ul beiod, 5 ,nifiutes'
/est befo/e stalting edch test øas standard;
restihg O, consuntltion Øøs , .easured ifl the
last ,rrinute of the 5-nitute rcst. RiÅing on a
tletlrn;ll at 2 felcebt grdde is ery sirniLlr lo
easl spinaing ot the roød. (Somz energt is re-
qaired eoen to ide ofl leuel ground.) W ,norri-
toled thz subjects' heart røtes to aooid possible

isk. HMlt /ate stablized in about 30 seconds

afrel each change ;n uøg/ade of the tftadtuill,
till 5 ,ercent grad4 aas ftirh2d. H.ørt rates of
ø øether ider did ttot sttffiize ot grod4s of 6
iercent ot more. The tzst ridels could uith-
sta d slades of 8 berceit to 9 bercent. For ea-

ønlle: the oolh nte at 5 Nrcenl grafu is
obout 0-33 hl, uhbh øn erbericnced rider can
,noifllain lor afi haur, øhd iø/eøses to 0-6 hP

at 9 &lcent grøde (65 hg rider's ueight * 10
hg bihe's aøight = 75 hg, U hrn/hr = 6.6 m/

s, thls, 9 telcent , 75 r 6.60 : 44 hC-mA =
0.6 fu). For comparkofl, the greøt cha»thion,
Eddy Merchx, co{ld mairrtoifl 0.5 h, for a
hoø in tlials øt Cologfle Unitersitl.

It's true that afier one peiod of tiding, the
ridzrs nay be fatigucd or h4oe øccur *lated
batic øc;d. Houeoer, oul erlerir errtol iroce-
dure u)as designed so that th;s )o A not olfect
the rusults; ue altenated thz orful of testing
(i,e., SIS, contentional, conoø,tionol, SIS)
and aaeroged thq nsults.

Thefe aøs ø Wgralhiral rnistake in the ar-
ticle: The data br Figuns 14 and 15 t/)as f/om
3 rida6, nat just 1. I agree that the 75 Percent
confifuwe louel is not signifua t, but is of irr-
tefest. I did rrot d cuss the "contradictary"
di,fere re at 2 pelcent gløde becørase it uos
statisti.allt insigtifaaflt. (Editing of the arti-
cle lor Btke Tech øimed, ot fiahirrg it less tedi-
ous thon a doctorol thesis.) HoueoeL the not-
sigr,ificance at 2 Pefteht grøde suggesh the
orygen sønittgs cøme fton the legs (throragh
,ion elficient rhtthrnic fcdoling) torrw thafi
Irorr. the drrts (thlough l2ss folce ot the shifi
leoer)- In fact, ue hau collected elz.ttorrto-
gtorn datolrom the riders' leg ,rhtscles Øhbh
suwtts this tieu- Thh EMG dala uas iot
r@otted in the Brke Tech article betause we

felt thot ,nore anallsis was needed to irolell!
colrel^te il uith the O, fleasu/ernønts.

Tha aterage 2.65 lercent O, satirBs cdlclt-
lated by Dr Rayfuld does tøu slatistical sig-
nificance because of the lalge tumbel of dota

!oi,,ts. I realize that this 2.65 Percefit irnøooe-
meflt might be o\ershadoued bt other factirs
ifi th? røae: b$t that agairr, it nbht be i-
creased if lfure's ø lot of shifiing in tfu bø.ch
or otfur condilions that uould be more de-
fia dittg than the 17T to 19T æfetition in our
test.

The bokom lirre ix rucing is not to lose the
uifining breoh. Afi attach is ofie rnade o tof
the comel ol ofl a hill, uhere hequent shifring
is rcquinl.

Fiald tesling, as Dr. Rayfcld srSg,usls, ,!
interesbing and logical. I lersorolly ua t to do
il, but Shinarc's lesearch is fot iloduNt d.-
,elot tent, ,tot for j st øcadernic stud!. Fol
field testihg, tb. ltould use ø Nrlable dotø re-
colder or /a.il;o tlansrrrifter to obtøin signøls
ftoø EMG, ECG (elecllo-cardiog/or ),
torque, strain, dis[lacement, etc- But tue al-
retdl get feedbøch fron some of the lhousands
of iders, aloig t ith seoerol Wflsored lacing
tearfis, ,rofessiottol afid uuateuL uha use the
Neø Durø-Ace comPonents. Frequent cou-
munitatioa behoeen Shifiano and tluse U.S.
ønd Eururedn radig tearns is imio ant.

Dr. Ralfreld's letler egbins th? isychologi-
cøl adoantages of the SIS stslern ,nore clea !
thaø I coud. In the future, ue shouø study
the lhysicøl reasons behihd thz,r|. I thaxk D/.
Ralfield for tfu adtice, arrd uill conlinu. ef-

lorts to seeh bettzl ,neasulernents ønd citt al
oariabLes-

BIKEDRA\ry Frame Graphics

Readers of Bihe Tech tuieht be ilter-
ested in a simple computer graphics program
I have wdtten to aid in the design of bicycle
framesets. I iun im amateur frame builder,
engineer, and active cyclist, ard I wrote the
progmm ("BIKED[{AW") to strean ine the
early phases of design where various layouts
are considered.

As input, the program asks for nine param-
eters (wheelbase, tube lengtls and angles,
etc.), and then produces a line dmwing of the
fame on the computer sqeen (see illustxa-
tion). This immediate feedback allows me to
inspect a large number of designs very
quickly. A half-inch variation in bottom
bracket height, for example, affects the
ovemll ftame design in many ways. The pro-
gram will also plot the ftame layouts on pa-
per at any specifed scale via dot-matrix
printer. I use this feature to generate firll-
scale plots of the frame joints, which I then
use in making blueprints of the 6nal design.

The progarn is written in BASIC for the
NCR Decision Mate V personal computer,
and is easily adaptable to other PCs capable
of dot-addressable graphics. Interested
readers may obtain a copy of the plogram by
contacting me at:

Mike Cambron Cycles
1123 Gomber Ave.
Cambridge, OH 4l!725
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newsline
OLYMPIC WHEEL§ SPINOFF: Aero Sports Company is a new venture founded by devel-
opers of cycling equipment used in the 1984 Olympic games. Chester Kyle, Ph,D,, Don Gui-
chard, and Scott Gordon (members of the group that designed the US Team's aero bicycle and
equipment) have joined forces with Gary Hooker and Dave Spangler (Chairman of the Board and
President, respectively, of Hooker Industries). Hooker Industries, best known for its Hooker
headers (automotive mcing exiaust systems) a.lso manufactues equipment for the aetospace
and aircraft industry.

The new compaly's 6§t product will be low-drag spoked racing wheels (see photo at left)
similar to those built by Gordon and used by Mark Gorski and Nelson Vails ir the 1984 Olympics.
Other products on the dmwing board are high-performance pedals, hubs, cranks, and lightweight
solid Kevlar wheels.

Don Guichard designed and built the disk wheels used by the 1984 U.S. Ollrnpic Cycling
Team, and also built the first HPV to exceed 55 mph (a record set in 1979). Chet Kyle, founder of
the International Human Powered Vehicle Association, led the group that designed the US
Tearn's aero bicycles, helrnets and uniforms. Gordon, Hooker, and Spangler are all currently
active in bike racing and triatt on competition.

{The Aero Sports wheel was developed in hundreds of wind-tunnel tests co[ducted by Dr.
Kyle. Aero Sports Company provided data from those tests to demonstrate the superiority of
their new design over conventional spoked wheels (see table below). (Admittedly this data
shows tlat disk wheels offer a greatet drag reduction than do aero spoked wheels. For example,
using a disk ftoot wheel could save over one minute in a 2s-mile time trial,) Note the following
results:

- Narrow tires are better: A narrow 18 mm racing tire has about 30 gams less drag than a 1-
or 1-118 inch tire. This meaas 10 seconds saved io a 2s-mile time trial.

- Fewer spokes are better: Each spoke removed reduces the drag force by about 4 glams.
This means that a 28-spoke wheel has about 32 grams less drag force than a conventional 36-
spoke wheel, with a time saving of about 10 secoflds.

- Flat ("aero") spokes are better than round: Aero spokes have about 0.6 grams per spoke
less drag than round spokes of the same weight or gauge. This means 17 grams less drag for 28
aero spokes versus 28 round spokes, with a time savings of 7 seconds.

- An aero dm is better than a standard flat rim: The aero rim gives about a 30 gram drag
reduction, or about a l0 second time savings.

- The benefits of the combined system are greater than the sum of the parts: A complete
wheel built with 27-inch aero rim, 18 mm tire, and 28 aero spokes has about 106 grams less drag,
for a total time savings of about 39 seconds. This is for the front wheel only; adding an aero rear
wheel would be even better. But since the rear wheel is drafting in the wake of the frame and '

tont wheel, the savings tom an aero rear wheel would probably be less than half that of the front
wheel.

DRAG REDUCTIONS and TIME SAVINGS with ADRO WHEEL COMPONENTS (cornpared
to a standard 27-inch \r,heel with 36 round spokes, flat rim, and l inch tire):

Wheel desigD:
Dlag R6ductiotr

at m mph
Time Saviaga ia 25

mile tine hial

E

F

Disk Wheel (same weight as spoked) .,....,...,.,.,....
Aero rim, 24 aero spokes, 18mm tire. .. . . . . .
Aero rim, 28 aero spokes, 18mm tire......
Aero rim versus standard flat dm....,.......
LSmm versus standard 1 inch tire..........
Aero versus round spokes (28 spokes). . . .. .. .
Aero versus round spokes (2 spokes) . . . . . . . . . . . . . . . . . .

(Aelo Wrts Cornlar», æ16 Pan;rqlan Diue, Nar,tingtan Beøh, CA 92646, tewou 714-5361J02).

DUTCH-MADE ROULANDT RECUMBENT: Desisned by A. J. Roulandt, the Dutch

180 grams. . . . .. .. ,. 66 seconds
tn .......... 44
106
30
30

14

39
..........10
..........10
.,.,.,.,.. 7
.......... 5

frame builder ard designer, and manuiactured in Holland by Ziciani B,V, the Roulandt Recum-
bent (see photo at left) is nov available in the U.S. Its relatively low price (M50 recommended
retail) males the Roulandt perhaps the only recumbent in the same price mflge as high-quality
conventional sport-touring bikes. With a total weight of 32 pounds, the Roulandt has the same
overall length as that of conventional bicycles, thanks to its 16-inch front wheel and the dder,s
position over the 28-inch rear wheel. To accommodate various sized riders. the entire cranlset
assembly is moveable forward or backward on the "do$ntube," Twelve-speed gearing is pro-
vided by a six-speed lreewheel combined with a two-speed internally-geared rear hub, with all
drivetrain components by Sachs. Reviewers report that the Roulandt shares many of the same
advantages (e.9., cornfort) alld a few of the drawbacks (e.g., harldliflg) of other recumbents o{
similar design. Others have commented that use of chrome-moly tubes for buildiag the frame
would have been a better choice than the relatively healy low-carbon tubes that were used. The
Roulardt is available in the U.S. though Tekton Corporation (Allen Koenig, President), Route
116, Conway, MA 01341 (413-369-4364.
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