
Materials o Mechanics o Physiology . Engineering . Arrodynamics

Bicycling Magazine's Newsletter for the TechnicalSH
April 1985

IiI THE tAB

Biomechanics of
Shifting Performance

Desrgn of the Shimano

New Dura-Ace Shifting

System

Shinpei0kajima

In road racing, the performance of the
bike's shifting system is the last thing on the
rider's mind; except, of course, whe[ the
chain mis-shifts at a critical moment or jumps
off the chainwheel entLely. Such failures are
not uncommon-there were even a few in-
stances of jumpd chains in the 1984 Olym-
pic cycling events h Los Angeles. Beyond
these catastrophic failures, conventional
shifting componeots impose other demands
on tlle racer: the need to ease pedaling force
during the shift, ard the need for precision in
moving the shift lever, The racer must de-
vote at least some of his attention and en-
ergy to these demands to avoid mishaps.
And it's generdlly agreed that shifting be-
comes more of a problem when tle racer is
tired or riding on rough terrain.

The New System

In this study we took extensive laboratory
measurements of both the mechanical and
biomechanical performance of the shifting
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system. Io particular, we wanted to compare
the Shimano Net, Dura-Ace system against
a co[veotional derailleur/shift-lever combi-
natiol. The New Dura-Ace group uses the
Shimano Index System (SlS) shifting mecha-
nism, and includes the following compo-
nents:

-shifi lq)ers (SL-7400): A ratchet-and-pawl
tlpe of mechanism ensures each move-
ment of the lever produces a precise and
repeatable amourlt of displacement in the
shifting cable, The mechanism tnrsmits

lmnl = hi0h gGaI

Fi0ura 1: For plociso shilling, thB di§hnca
lrom the dorallleul lockoy pullcy lo
lrsawheel spmclet hoth should bo small
and also consbnl ln all geaB.
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an audible and tactile click when the shift-
ing motion is complete. (The levers can
also be used in the conventiona.l "fiction"
mode by turning a tensioning knob to dis-
engage the ratchet index mechanism.)

-rcar futøilbrt (RD-7 400) : The mechanism
was designed with a single pamllelogram
to keep the guide puley at a constant dis-
tance ftom the sprocket teetl in all gears.
Thus, the amount of cable displacement
needed to produce a shift remains the
same thoughout the shiftiry range. (The
derailleur will handle 1zT to 26T sprock-
ets, ad has a 26T take-up capacity,)

-multi-fnzuheel 
(MF-7400-6): An improved

cassette-body based on the Dura-Ace
freewheel carries 6 sprockets in the 137
to 32T range. Also, a new teehub (FH-
?4æ, lzl t§ 3Zt range) was designed,
which can be used with existing Dula-Ace
sprockets.

-front derailleur (FD-7400): A specially-
shaped chain guide. with a "creased" in-
ner plate and a bridge at the tont, plo-
vides better conrol of the chain dudng
shifting.

-chainuheel 
(FC-7400): Improvement in

the tooth shape of the gear provides better
contact with the chain.

-outer cøsing fur shifiing caåres. Designed
for use with any convertional imer cable.

Any chain normally used in racing (Jni-Glide
or narrow Sedis type) can be used with the
New Dura-Ace system. Our tests used the
Sedi Sport chain, since this more flexible
chail is somewhat harder to shift than the
Uni-Glide.
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The "conventional system," which is re-
ferred to in all of the following comparison
tests, consisted of the following:

-shift levers: Campagnolo Record
do$mtube levers

-rear derailleur: Campagnolo Super
Record

-freewheel: Regina CX, normal spacing

-tont derailleu!: Campagnolo Super
Record

-chainwheel Campagnolo Super Record

-chain: Sedis Sport
This particular group was selected to repre-
sent the best high-performarce components
ol conoentional desi nthat ale normally used
in road mcing.

267 2:tT 207 1Tt 157 137 177 1tr 1{I 137 1T

l Shlmano 74m fl 52T llont

Ooampaonolo w/ 52T lronl

Figuro 2: Aclual measuEd dislancB lmm iockey pulley t0 lreEwhcel sprcckcl leelh lor ileu
Dura-Ac6 7400 and Gampagnolo Supor Rocord doraillours, uscd wlth two dlllsr0nl lro6srho0ls
(13T-26T and lzl-lm.

Figure 3: Bcar derailleur p€ ormancG: operaling range ol Shimano v6]3us conysntional
modol xrhilo downshilling wilh 52T Ghainwhool. Solld circlos lndlcab lha slart 0l lho
"chatlu zono"; llnc lolnlng lho clrclæ ls th6 chattoFlrso zon6. Arrow indicehs tho point
whoro shllllng occuB. Dala ar6 avoragos ol tiG 5 domshllis in lho 21T-13T range (at bn)
and lh6 l7T.l2I rang6 (at 0h0.
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Rear Derailleur Desig

For quick and accurate shifting perfor-
mance, the most critical design panmeter is

tåe distance from derailleur iockey pulley to
teewheel sprocket teeth. With conventional
derailleus, the ploblem is tiat sffiing under
load often requiles "overshif,ing," with a
subsequent adjustment of tle shifting lever
to stop the chattering noise. To avoid this
problem, we attempted to rnake the puley-
to-sprocket distance as siorl as possible, so
that shifting will occur early regardless of
loading on the pedals. In addition, we warted
to keep this distarce cor,stønt at all gear set-
tings, both front and rear, so that the ratchet
mechanism of the SIS shift lever would work
properly (see Figure 1).

These requirements led us to use a single
slaflted parallelogram and a single pivot axis
in the rear derailleur (RD-7400) design.
Measurements show that this design
achieves a shorter aod more constant pulley-
to-teeth distance than the conventional de-
railleur (see Figure 2). As a result, the point
at which shifting occurs dudng the shift-lever
movement is relatively constant regardless
of pedal loading and tront chainwheel size
(see Figure 3).

Shake Out

Regardless of design, durability of derail-
leurs in road racing has always been a prob-
lem. Products that could be used for years
by casual tourists must be replaced weekly
or montNy when used on muddy cyclo-cross
or cobblestone road race courses. To simu-

Figulc 4: Endurancc le6l chambor.

features Eovided improved durability:

-rubber dng seals on pivot axle, bracket
ade, and parallelogam ades

-blass bushings on parallelogram axles

-titanium ca$ide coating on pulley
bushings

-ståinless steel teeth on jockey pulley.
With these features, the New Dua-Ace de-
railleur remained functional on the endurarce
tester apEoximately tlree times as long as
the conventional derailleur.

Front Derailleur Design

The tno factors in front derailleur design
that are most important for effcient shifting
are:

-coatrol of chain Positiot h upshifting, a

large force must be exerted on tle chail
to lft it, agahst the chain tensior, onto t]rc
larger chainwheel. With conventional de-
stns, the derailleur itself must exert this
force; the result is either the need for
large forces on tJrc the shift lever, or the
need to reduce chain tension Oy ur oaded
pedaling) until the chain catches on tie
larger gear. The New Dura-Ace desi8r
takes a diferent approach: the necessaty
upward force is obtained by redirecting the
motion of the ftont chahwheels. This is

achieved by forming the irmer cage plate
with a specially-shaped "crease" (see Fig-
ure 5). The crease stiffens the cage plate
and, more impottanuy, makes only single-
point contact with the chain (unlike con-
ventional flat chain guides), thus guidirg
the chain along a prescribed path (see Fig-
ure 6). The end result is that considerably
less force is needed on the shifting lever
with the new system (Figure 7). An addi-
tional benefit of the rcw design is that the
stroke (distance oI lever travel) needed to
sffi is also reduced (Figure 8).

-rønge of ødjustment:. Conventional ftont
derailleurs are designed with a fairly nar-

Figurc 5: Cru§§.section (lrom llonl) ol
chain luide 0l I'low Dura-Ace lront
dehlllcur. Craa§o in innel cage platc
ensur8s singl8-point conlaEt with chain.

late these conditions in the lab, we built an
"endurance test facility" (see FiSure 4).
Here the complete drivetrain is sub.iected to
muddy water splay plus severe mechanical
vibrations (tequerrcy is 12 to 14 Hz) while
carrying the itll pedaling load.

The conventional derailleur system could
withstand an average of 72 hours of this abu-
sive tleatment before the high-end shift
(13T to 14T) became unreliable. (This rep-
resents about one year of conthuous use in
professional road racing.) We took this value
as the performance target which the New
Dura-Ace design would have to meet or ex-
ceed, Testing of øototlDes on the endur-
ance machine, plus field tria.ls in Holland,
showed us that the following constructjon

Flgure 6: Two phæ€s in upshilting wit[ l{sw Dura.Aco lrunl dotaillcu].

a) Whcn innol caoe plate fl@onhcis th6
chaln, fiiclion [elwecn thc iwo dsvalops a
laacli0n force which senro§ to ln fia
chein onto lhB large, gear.

t) Th6 polnt ol conhcl beM@chain and
cagc plat8 lollows conhur ol lho
"crcæe."



Flo0re 7: Fmnt dsralllour pedorflranoo:
bmlon lorce ln doraillcw cabl6 (meatursd
by in.lln6 straln gaugo) in a 4ZT . 527
u!8tm, hr bott unlodod and loadod
pGdalhq Gorditi0n8. Ihc bquo load l0r
lho lonl dcrallloltr trs6 ln Fl0u]os 7 and I
is appllGd wilh a mobr and elsctrlc brata,
wllh lc pcdaliq cadoncs sel al a
conshnl lltr RPIll. ln hc labels hl
Flguro6 7 and 8, lh6 "lull" torquo load (30
kgam = appruxlm.tcly 20 lnch.lb) is
m.a8ulod al tllc arlc ol lh8 rcar whosl.
[016 thal, uith ho Shlmano §ystsm, lo]ce
in lho dorailleul cablc ls lower l0r both
lodod and urloaded podallno

Figurc 8: Front deraillour p€ ormancq meæur€d sltolc (mm) ol dsnillour moremcrt
ltqull€d l0 shlll. fha toque lord ls m.asurod et tho lsar wtcBl axlc, atld ito pGdalln0
cadsocc ls a conslrnt lm nP .

1l0b lhal in all csr6s bul o[G, lho §ilmano deraillour shtiod wilh filo shortesl §trolG.
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R0ure 9: Adiudabillly ran0c 0l3ll0 dor.lllouB: fu all possiblc lront and rsar 96.r combtnallons, ttis chart siows ths postfion ol lront
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oubld! odge 0l §rd tutc to imldo 6d96 ol outgl ca0o plal.). Erampls: wion ito Shimano lrc dcralllsul is tocated ai 60 mm dlshnce
(dælEd lino), lhan lho lull raflg€ 0l 6 lrusf,hool goals Gan be usrd wtthout naod hr leadiuslmcnt. For tho Camlasnolo and Sun.Tou,
q_smllhul§, therc ls no p0sillon ol thc fto donlllcur tEt allows all 61106wh061 0ear§ to-bo used without somd ådiustmont nsod6d.
(Fnrul|o.l g€ars aro 1A15117 nm1n4.l
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Figure 10: Exploded view 0l SIS shilt
levers. Parl 3 is lhe ratchet-and.pawl unit
l0r the rear shilter. The ftonl shiltel uses a
convenlional lriction bushing (pa 10).

row gap between inner ard outer cage
plales. in order to prevent late shifi ine.
The drawback to the narrow gap is that
the rider must re-adjust the front derail-
leur alter shifting only 2 or 3 gears on tle
rear. With the New Dura-Ace design, a
relatively wide gap between the cage
plates is possible because the "creased"
ard contoured chain guide provides the
necessary control of chain position. The
end resull is that a wider range of [ree-
wheel gears may be covered without need
for readjusting the Irorlt. (see Figure 9).

Shift Lever Design

The shift lever is the main interface be-
tween the rider and rhp derailleur. Our bio-
mechanical testing (described belo1{)
showed that shiftilg with conventional de-
railleurs is a fairly complex process that re-
sembles a feedback control loop. The rider
fust grasps the lever and moves it a certain
distance. Then the rider waits for a whole
series of feedback signals (eg: sound, lever

torque, and pedal force) to determine if the
lever needs to be moved farther forward or
back. After making these adjustments, the
rider can let go ånd continue riding. The time
required Ior this feedback process is about
0.77 seconds with conventional derailleurs.

If the rider could simply hit the lever in one
rapid arm motion, with no need to linger for
fine adjustments, then shifting would be
quicker and would require less attention afld
energy. The Shimano Index System was de-
signed lo meet this goal. specifically by elimi-
nating the need for feedback control. A
ratchet-ard-pawl mechanism is incorporated
into the pivot of the rear shift lever (see Fig-
ure 10). A quick push against this lever will
move the derailleur cable a precise distance,
for a positive shift, and a built-h stop will
prevent overchifting. This action is essen-
tially openJoop or "ballistic" conbol, and
takes less than half as much time, by our
measurements, as conventionål shifting.

The SIS lever can also be operated as a
normal friction-type shifting lever for use
with non Dura-Ace freewheels. The change-
over is made quickly by a hall-turn of the
cover of the ratchet unit (part #l in Figure
10). This changeover leature will be usetul if
racing conditions call for quick replacement
of the rear wheel.

Durability of the shifting lever was evalu'
ated using the muddy-water endurance
tester described above. Results showed that
the ratchet assembly has a liletime of about
300,000 shifts (about 600 days of profes-
sional road racing). Replacement of the unit
is needed when the teetl or pawl become
worn and indexing becomes uffeliable.
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Figule 11: Two views 0l lhe instrumented test bike on treadmill with rider wearing
respiratory gas sampler plus eleclrcmy0graphic SenSorS.

Figure 12: Elecllomyographic sensors on

der's upper loleam record the actions 0l
llexor (0n l6lt) and extensot (0n ]ighl)
muscles in shilting.



Biomechanics - The Bottom Line

Does it really requLe less effolt to shift
with the Shimano Index System? We an-
swelid this question by means oI a direct
physiological test. We found, in short, tllat
the test riders' oxygen consumption was 3
to 6 percent loøøl with the SIS system, com-
paled to a conventioml derailleur shifter, and
with all other conditions (pedaling speed and
torque, etc.) held constant. Here is how the
tests wete done.

Three experienced amateur bicycle racers
were the subjects. The basic plan called for
the test riders to shift the rear derailleur
every 5 secolds (ftom 17T to 19T and back
again) while riding a treadmill at a contlolled
speed (% krn/hr = 14.91 miles/hr) and work
level. Before the study, tie subjects trained
to become accustomed to treadmill riding.
For the study, each subject proceeded
tkough the followhg sequence:

-1. bdef warm-up peliod ol road riding

-2. 5 minutes rest (sitting)

-3. treadmill riding on bike with conven-
tional derailleur system:

a. 3 minutes at 2 percent grade
b. 3 minutes at 3 percent grade
c. 3 mirutes at 4 percent grade
d. 3 minutes at 5 percent grade

-4. repeat steps 2 and 3 on bike with
Shimano Index System

-5. repeat steps 2 and 3 a second time with
Shimano Index System

-6. repeat steps 2 and 3 on bike witå
conventional derailleur system.

The bike and rider n ere instrumented as fol-
lows:

-a KUREHA brand gas analyzer (Figue
11) was used to continuously monitor res-
piratory gas for oxygen and carbon dioxide

-electromyogam 
(EMG) sensors placed on

the rider's prirnary shifting muscles (Fig-
ure 12)

-touch sensor on the rear shift lever

-strain gauge on seat tube near bottom
bmcket

-tachometer on rear wheel
All readings were recorded by a digital data
recorder and later analyzed by minicompu-
ter,

Graphs of tlpical data are shown in Figure
13. The differences between the Shimano
SIS components (uppei gaph) and the con-
ventional components (lower graph) are
stnling:

-EMG activity is much lower with the SIS
system, indicåting that less muscle action
is expended

-lever stroke is more definite with tåe SIS
system, indicating that little overshoot or
hunting occurs

Shimano Sl§ systom

crlGnsor EtlG

lleror Et[G

lever stmko

llame slrain

lever louch

Gampagnolo system

extens0l EMG

llGxol EMG

level slroke

lrame strain

leuer touch

figuro 13: Typlcal biomcchanicel data ]scordsd duriq a 20-§econd llms lnl€rual wilh lhe
Shlmano syslcm (uppe0 and Gampagnolo 00w60. Shad8d v8rllcal a]las lndlcal€ lho lcvol
touch p€riod as measuied by thc touch sonsor.

197

1Tt

1?:t

1gr



slroke range = 0.05 mm

hllurc mte = 3%
stroke rangc = 0.69 mm

lailurc rale = 23%
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dovlatlon ol lho samplo. "Failure rale" ls d'Gflnod æ lho porcsnla0o ol ml&shilb hal ooounod lh lho tdals.

-lever touch period is shorte! with the SIS
system, indicating that shifting occurs
quicker and more positively

-foame strain measurements show much
smootier application of power with the
SIS system, indicating that peda.ling force
is smoother and less disrupted than with
tåe conventional components.

A statistical summary of the data on lever
touch versus time is shown in Figure 14. Up
per gaphs show downshifting performance
(l?T to 191; lower graphs show upshifting
performance. Again the difrerences between
Shinano and the conventional system are
striking;

-the SIS lever reaches its maximum dis-
placement much quicker than the conven-
tional lever

-actual shifting occurs sooner with SIS sys-
tem: for downshift, 365 ms with SIS ver-
sus 451 ms s,ith Campagnolo; for upshift,
333 ms with SIS versus 387 ms with Cam-
pagnolo

-ider releases tle lever over twice as soon
with SIS system: for downshift, 351 ms
with SIS velsus 766 ms with Campagnolo;
fo! upshift, 316 ms {,ith SIS versus 663 ms
with Campagnolo

-with the SIS system on both down and up
sffi, the rider releases the !reyer befo/e
shifting action of the chain is actually com-

dete
-the four results just mentioned lend strorg

support to our hlTothesis that the Shi-
mano system opeEtes by means of open-
loop "ballistic" control, compaled to the
slowe! closed-loop feedback type of con-
trol needed for the conventional derailleur

-on domshifting, the Shimarc system plo-
duced only 1 mis-shift out of 36 tials (3

pelcent fiilure rate), while the conven-
tional system produced 8 mis-strifts (23
percent failure tate).
The bottom line in designing componelts

for racing is better performance. To obtain a
laboratory measurement that could reliably
predict racing performance, we used oxygen
consumption to indicate the rider's level of
effod. The result, shown h Figure 15, den-
onstrates that the Shimano shifting system
produces a measurable savings in rider ef-
fort. At a power level equivalent to climbing
a 3 percent incline, the rider's orygeu con-
sumption was only 2.04 Vmin with the SIS
system, compared to 2.17 ymin with dle
conventional system, a savings of about 6
percent. Statisticål analysis shows that this
difference is signifcant at the 95 percent

BIKE TECH
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confdence level (i.e., there is less than 5
percent probability that this difference could
arise by random chance). For climbing the 4
percent and 5 percent inclines, savings with
the SIS system are on the order of 3 per-
cent, alld this is statistically signifcant at the
75 percent level.

The meaning of these results is clear: the

physiological load imposed on the fider is sig-
nifcantly lower with the New Dura-Ace sys-
tem compared to the conventional system,
under conditions of moderate Nlclimbing and
fiequent up/dou, shifting. It is very likely, in
our view, tlnt this savings in shifting effort
will translate into better competitive per-
Iormarce under real racing conditions.
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911 bosMin ($$ Canadian)
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Bellirgham, WA 98227
(also aaailable in retail outlets)

reviewed by

HalJeftey Davis

We certainly do take bicycle wheels for
granted. Even wheelbuilders don't usually
give much thought to the delicate balance of
forces that keeps our wheels in line. For
people who long to understald the theory
behind wheel spoking patterns, here is a

new book that you should read. The Spok
ing Word by Leonard Goldberg sheds new
light into the tradition-bound world of wheel-
building, and contahs a wealth of insights
and surpdsing new ideas.

The book's major topic is the desisn of
wheel spoking patterns. Goldberg takes the
classical engineering apploach to the prob-
lem: he sets up the physical equations which
relate forces withh the wheel to the wheel's
geometry and usage conditions. He then
solves these equations to 6nd the forces and
stresses exerted orl the wheel dm, hub, ad
spokes. With these solutions in hand, he of-
fers recommendations for improved spoking
patterns, for longer spoke life, less flex, et
cetem.

What makes this book important is that
it's not merely an academic exercise: Gold-
betg has plied the wheelbuilder's trade for
the past eight yeals in his own bike shop,
and his experience clearly shows through.
Moreover, gior to wheelbuilding, Goldberg
was a design engineer at the Boeing Airplane
Company, The book itself grew out of a se-
ries of courses taught by Goldberg at Green
River Community College and Northwest
Free University, both in Washington state.
You can imagine that Goldberg has heard al-
most every question that can possibly be
asked about vheel design. He has tried to
put a.ll of his answers into this book.

It's true that the alcebraic forrx as and ta-

I
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bles of numbers that 6ll tle pages of The
§poking l ord do look intimidating at 6rst.
But tlle persistent reader will quickly find
that nothing more than high-school trigo-
nometry, algebla, and physics is involved. In
fact, the book is so well-organized, with
most of the derivations relegated to apændi-
ces, that the non-math readet could glean
many of Goldberg's insights on frst reading.
I rvill admit, however, that I had to rely on a

pocket calculator and scratchpad to keep
track of some of the discussions. This is
most likely due to the hiSh density of infor-
mation on the pri ed page. Readers with a
strolg math background will be delighted;
Goldberg's notatio[ system is simple and
consistent, and he usually explains the most
important equations in words as well as sym-
bols.

One of the book's most importrnt features
is a new system for graphical illustrations of
wheel construction. (See figues and photo
accompanying this review.) This includes
both a side view and a "rim-edge" view,
witl a standard notation for indicating which
spokes lace into the right and left flanges of
the hub. Perhaps these graphics evolved
through Goldberg's teaching experience,
fiom the need for a simple way to draw com-
plex wheel designs. ln any case, it is a major
contribution to the 6eld. I would be happy to
see this new gaphical notation adopted by
everyone who deals with wheelbuilding and
design.

Goldberg aims his ana.[tical lights at some
areas of long-staldi[g controversiy: ate ra-
dial spoking patterns rea.lly too stiff, and
what is the best way to equalize the stresses
in a dished wheel? He also breaks new
ground by analyzing oaJ,'rDmetric spoking
patterns (where the pulling spokes are laced
in a different pattern than the non-pulling). I
found his results intriguing, but I won't try
to summarize them here. since I recommend
that all wheelbuilders should read the book
for themselves. But I can say that I would
find Goldberg's arguments more convincing
if he had carried out more empiric4.l tests to
verify his results. I suspect that a sedes of
careful tests of nheel strength, spoke
stess, hub size, spoking pattern, etc. would
surprise everyone, at least slightly. Do I
hear anyone volunteering to carry tie tests
out?

Still, most of Goldberg's suggested im-
provements do seem quite practic2l even
without å sheaf o{ test mea$rements to
back them up. For example, he recommends
"forward rotatio[ of the hub" to improve
spoke life. This solution wou.ld require some
re-engineering of most conventional hub de-
signs, But at least one manuJacturer of BMX
hubs must be thinking the same way, since
they have aheady incorporated this concept
into their designs.

Most wheelbuilders have read Jobst
Brandt's book The Bicycle Wheel (1983 !e-
vised edition available from Avocet, Inc.,
Menlo Park, CA). It's fair to say that Gold-
berg's book stands on the shoulders of

Edoe vicw ol a lelt-all Dullho,
ghl-all-shllc dlshed ,Ear whe8l. Pmpel

mlvc localion can bs elhclod only with a
bn-hand rim. [Roprtnlod wlth pomlsslon.l

Rlght sldo vlow 0l a 3&spoke dBhed rcal
sh€ol ln which all right side spolec (solid

llno$ in forcgrcund, with blacl nipples) arc
shtic, and all hn-sidc spokes (dashed
lln0s in backglound, with white nipplos)
aro gulling. lRcp]intod wilh pormission.l

Brandt's, even though Brandt is not merF
tioned once in it. Brandt, after all, was the
6rst to apply the concepts of modem stuc-
tural engineering to wheel design, and to re-
port on his work so tlat othels might learn.
Now we have two good books, and still all
the questions are not answered, at least to
my mind. But I do recommend that wheel-
buildeis and budding wheel designers every-

rvhere should have both books in their tool-
boxes.

Excerpt from the Spoking Word

The major problems encountered in a con-
ventional dished rear wheel are excessive
tension in the riSht-pullhg spokes and insuf-
fcient tension in the left-static spokes. The

A lolt all.pulling, dght-all.shlic wfisel [uilt a]ou a speclal rear hub slrcngthon6d lo
rcsist ue lwisl ol one llango rslativs to tho olhor. lnepdnted w[h psrmission.l



htensity of these problems may be reduced
by:
(a) installing the right-side spokes in a more

static direction, and
(b) instaling the left-side spokes in a more

pulling direction.
lf we follow this idea to its logical conclusion,
we come up with a 'i'heel in which all right-
side spokes are static and all left-side spokes
are pulling, Spoking geometry for this wheel
is shown in Figule L8, and on the covers of
this book. [Editor's note: Figue L8 is re-
produced to accompany this review.l

This wheel solves the two major problems
associated with dished rear wheels (over-

loading of the right-puliry spokes and under-
loading of the left-static spokes) in the most
simple and direct 'ray possible. There simply
are no right-pulling spokes or lelt-static
spokes in this wheel.

Tension distribution in this wheel is very
good. Tensioa in the spokes on the /ig&, side
which, during steady-state is unavoidably
higher than that on tle left, is reduced dtdng
pulling. Conversely, tension in the spokes on
the ,e, side which, during steady-state is un-
avoidably lower thar that on tle right, is ir-
creased dJlrg pulling. Spoke tensions for
this wheel are calculated in Appendix L4.

Spoke angles uL and uR for this wheel must
be selected with great care. Tbe procedure
leading to proper selection of tlese angles is
explained in Appendix L-6. Typical values
are u. = 82 degrees, and uR = 38 degrees.
Orce these angles are determined, proper
spoke lengths can tlrcn be calculated ftom
Eq. F-11. And 6nally, installing spokes of
these lengths n'ill guarantee that the spoke
angles will actually conform to the calculated
values ard that the rim will be proDerly lo-
cated between the two flanges and the hub.

One disadvantage of this spoking confgu-
ration is that it imposes atl uncomfortably
large twist (approximately 1875 in-lb. of
torque in the steady-ståte condition) øczoss

the barrel of the hub. This torque comes
about because all the spokes on the left are
tryirg to rotate the left flange of the hub
rearward, wme all the spokes on the right
side are hying to rotate the right flarye of
tJle hub forward, The resulting twist can eas-
ily demolish a hub of averdge strength. A
strong disadvantage, but one that can cer-
tainly be overcome (see Photo L8).
. A second disadvantage of this wheel is that
during puling, tension increases in all the
spokes on the left side and decreases in all
the spokes on the right. As a result, the dm
shifts to the left slightly during pdling. For
the maxilnum probable load (200 lbs. bike-
and-rider climbing a 10 degree hill), the rim
shifts to the left about 0.1 inch. This could be
a problem if the clearance between the rim
and brake blocks, or that between the tLe
and chain stays, is small, A few ways of re-
duciry the magnitude of this left-shift are
suggested in Section L-31.

The main advantage of this wheel design is
that the spokes will last almost forever. [Re-
printed with pelmission.l

MATERIAI]S

Te$s of Heat

Treatment Effects rn

Brass-Brazed and

TIG-Welded LuSless

Keith Bontrager

Today's fuh-quality bicycle framesets are
constructed using a variety of kazhg and
welding methods. "Lugless" frames are as-
sembled using two techniques: å/4ze-
ueldittg, where a low-melting temperature
flle! metal is added to the joint creating a
fllet, $d uelding, whele the joint is p!o-
duced by melting the base metals at the joint
and adding a steel flle! matedal to produce
the desired joint size and shape.

The heat used in all of these joining meth-
ods causes localized changes in the crystal
structure and physical properties of the
metal tubes of the hame. Roughly speaking,
these "heat treatment" effects can be clas-
sified into two groups:

-"Annealing" represents a weakening of
the tube: its tensile strength is de-
qeased and its ductility (indicated by
percent elongation at break) is in-
creased. Annealing generally occurs
whetl the tube is slowly cooled afte!
brazing or welding.

- " Ilardening " represents a strengthen-
ing of the tube: its tensile strengtlr is in-
creased, and its ductility is decreased.
Hardening generally results from rapid
cooling.

Previous work by Emiliani (Ref. 1) and
Phelan aIId Cuuingham (Ref. 2) pointed out
how these heat treatment effects cån be con-
ftoled by adjusting certain yariables in the
Aamebuilding process. Ir the tests reported
here, I am concerned primarily with tradi-
tional brass-brazed lugless joints and how
the amout of added 6ller metal affects the
final tensile strength of the tube. For com-
parison, I also tested joints made by Tung-
sten Inert Gas (TIG) weldirg, an electric arc
process currently used by several frame-
builders. The results ale h general agree-
ment with the ideas of conventional metal-
lurgy: joints lrith large amounts of 6ller
metal cooled more slowly and caused greater
annealing and weakening of the surrounding
metal in the tu!e, Moreover, TIG welding

I<eith Bontløgu is a llolessional frøfle-
buiklzt in Saxta Cruz, CA.

The outhqr erilesses sfecful thanhs to R. Sha-
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produced a hardened, less ductile zone at the
joint because of lapid coolilg following the
short, high-temperature welding process.
These tests are the 6rst reported efrorts to
quantily these effects in typical bicycle tame
joints.

I used two popular brands of tubing in the
tests: Reynolds 531, and Ishiwata "CrMo."
These tubes have similar "as delivered"
tensile st-re[gths and other mechanical prop-
erties but shov considerably different micro-
structures and ductile properties before
brazinc Gef. 1).

Brazing with Brass

Importart variables in braze welding are
the location where the weld is started, the
time spe positioning the joint wNe braz-
ing, the amount of fller metal added, and the
late of cooling. The brazing matedal (l used
brass in these tests) will form a puddle at
approximately 1620 to 1700'R with temper-
atules decreasing in all directions away ftom
the puddle. The therma.l history of the tubes
near the joint is quite complex because, as

the brazinS torch is moved around the work,
the tempelature alternates about the li-
quidus and solidus tempeEtures of the filler
metal (Fig. 1). In any case, brazing invariably
heats the tubing near the joint to tempera-
ture above its "austenitic transformation
point." This is the iemperature (approxi-
mately 1333"F) at which carbon steels un-
dergo a major change in dystal shucture:
orce the steel is heated above this tempera-
tu-re, its subsequent rate of cooling has a

very critical effect on the 6nal tensile
strength and ductility of the material. On a

microscopic level, it is likely that the heat of
bnzing causes most of tlrc steel's carbide
structule to diftrse irto the austenitic phase;
the end result, if the joint is cooled too
slowly, will be "annealing" (hence weaken-
ing) of the tube.

Cooling rates for the braze welded joints I
tested depend primarily on the amount of
brass filler material that is used. The 6ller
metal built up at the joint stores heat from
the brazing operatiol. This heat is conducted
down the tube and slows the cooling rate in
the region near the joint. As the cooling late
is reduced, aII amealed state can result in
the tube, and the degree to which annealing
has occurred determines the post-brazing
streryth of the tube near the joint. So, the
longer the tubing and its joint take to cool,
the softe! is the tubing tom more annealing.

We catl relate the amount of 6ller metal (a

difficult parameter to measure) to the radius
of the 6llet. Large radius fllets increase the
mass of the brass fller by:

Åm(70) =
Where:

Åm=

pÅV(%) = 100 ( (r,/r,)3 - l)
increase in mass of 6ller metal
filler metal density
6ller metal volume change
large radius
small radius
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For example, the percent volume increase
ftom this experiment's smallest radius (.10

inches) to the largest Edius (.75 inches)
sample is about 5,000 percent, or 50 times
more brass.

Other effects on tlrc cooling rate are the
length of time the joint is at brazirS tempera-
ture, aIId the sectiol area of the tube avail-
able to conduct heat away from the joint.
The heat conduction is directly proportional
to tle section area. The lshiwata tube with a
.040 inch wal has about 12 percent more
section area than the .035 inch wall Reynolds
tube . and shou.ld cool faster. A longer brazing
time causes a slower cooling rate because
additional heating of the joint mises tle tem-
perature of the tube adjacent to the joint,
making the temperatue gradient more grad-
ual. Since the rate of cooling is proportiona.l
to this gradient, the tube cools more slowly if
it is heated longer.

I estimated cooling rates by observinS the
colors of incandescence at the joint while
brazing (Ref. 3, "Heat Treatment of Steel, "
page 1941). Although the actual colors var-
ied with the brazhg time, this rough esti
mate gave a cooling late on tåe order of

1" diameler 1020 sleel carburizod and
quenched (RocIwell C appror. 30)
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40'F/sec for a medium size fillet, At this
rate, partial transformation of the austenite
should occur. Larger proportiorc of ferrite
and/or pearlite ard larger grain structures
should be found in the slower cooled samples
(Ref. 4). These structures will produce a
weaker, more ductile tube. Conversely,
quickly cooled samples should have less fer-
rite, smaller grain stuctures, and exhibit
harder tubing near the joint.

TIG Metallurgy

In TIG weldiry, the electric field strength
is sufficiently high to bring the metal to its
melting temperature (2600'F) very quickly,
about two to three seconds. Therefore, TIG
welding times are very short compared to
those of braze welding, and the heat-affected
zorc of the tubing is also correspondingly
smaller, being localized to a region within .2
to .3 inches from the weld-

The small amount of heat required for TIG
welding is demonstrated by the location of
the oxide color bands on tte tube after the
weld (Fig. 2). The yellow band (approxi-

mately 450'R see Ref. 3) is within 3/s to 1/2

inch ftom the seam on the TIG welded sam-
ples, while the small fllet braze welded sam-
ples show this band 1I/2 inches from the
joint.

The puddle in a TIG welding joint also
cools very quickly. Photomicrogaphs of the
anlicipaled micros(ructues are shown in
Fig. 3. The actua.l properties of the rveld 6l-
let are critical because the cooling rate can
cause signifcant hardening and loss of ductil-
ity. Rough estirMles of the average cooling
rates (again, from observing the colors of the
joint dudng weldhg) indicate that the joint
material cooling rate is on the order of 300 to
400'F/sec, almost ten times faster than
braze welding.

As a precaution against overhardeling, it
is common welding practice to use a mild
steel filler (approximately .12 perced car-
bon). Since I have constructed bicycle
fames n ith this 6ller material, I chose to use
this techrfque for the TIG welded samples.

Preparing the Samples

Down tube joiflts were selected because
they are prone to failue along the lines of
Phelan and Cunningham's destructive test
method (Ref. 2). My test specimens were
mitered to simulate a common geometry
used in off-road bicycles, and joined in a man-
ner resembling the actual construction of this
type of joint (Fig. 4). I decided on a six-inch
tube length to provide suffciert tlermal ca-
pacity and surface area to closely ap$oxi-
mate the actual cooling rate of a ftame as-
sembly. (Later observations of oxide color
band locations indicated that six inches was
appropriate. )

All joints were brazed ushg standard pro-
duction ftamebuilding techriques. includjng



Table 1: Tost spo0im6n idonllflGalion and avangs moasurcd hanlnoss (Rochxotl 8).

Aueraoe measurod hadnoss (Rockwell B) at
sp€ciliod di6tancc (inchos) trcm fillot 0dg0 (s00 Fi0. 4)

§amplo
l{umber Mat6rial

Joining Tlmo
(min)

Fillcl Badlus
(inchæ) .1 ,4

'100

'100

85.5 83.3 94.5 99 100
86 89 90 96 98
90 95 93 99 99
89 89.5 89 96 97 97
96 95 95.5 94 95 98
93.5 91 97 99 100 100
97 95 92 97.5 100 100.5
100 97 97 98 97
101 99 98 100 100 100
99 (control sample, not brazed)
98.5 (control sample, not bræed)
see Table 2 for data
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control of the shape of the fillet in order to
minimize finishing time. The time required to
braze each joint was recorded, including the
time required to reposition the tubes while
brazing (See Table 1).

Strip samples of 1/z inch width were cut
from each brazed joint dowrl the axis of the
mitered (down) tube. These samples were
taken from the section where the brass fillet
build-up is largest, and where buckling fail-
ures noted by Phelal ard Curningham occur,
corresponding to the unde$ide of the down
tube/head tubejoint on a bicycle frame. The
samples were cut out \i,rth a cold sawing pro-
cedure in order to avoid heat-treating them
again. Care was taken to avoid bending the
specimen at the joint to eliminare lhe possi-
bility of strain hardening the sample. The
TIG welded samples were prepared in the
same way as the braze welded samples,

As control samples. srrips of 'as deliv-
ered" tube were prepfied which were not
subjected to any heat treatment (Samples

#10 and ,111). In addition, a non-joined tube
(Sample 12) was prepared with a TIG weld
applied along the tube axis (Fig. 5). This al-
lowed a hardness test to be performed on
the weld fillet itself.

Rockwell Testing

Hardness measurements were taken along
the length of the sample strips using a Rock-
well B hardness test (Fig. 6). None oI the
samples showed any marks from the inden-
tor on the underside of the tube. As a rough
guide, this irdicates that the Rockwell B
hardness scale was appropriate. At each
point along the sample, several measure-
ments were taken around the c curnfererce
and averaged. A larger spread in readings
occurred in the area near the joint which was
heat affected. The maximum speed in hård-
ness measurements was three Rockwell B
unil.s, with one to two units'spread being

typical. No coEection was made for the
shape of the specimens (cylindrical sec-
tions). This coEection would nise the hard-
ness values slightly, but would not alter the
general rcsults.

Hud Data

Tahls 2: &orago moæured hadnsss
(RoclMoll B) ol TIG wold toad

Dlslance
(hches) lrom

wsld cantel Hardn6ss

Tonsilo
Slronglh

(l(psi)

Table 1 shows the results of the hardness
measurements down the length of the strip
samples. I converted Rockwell hardness
unirs lo rensile strength units for graphing
(Figs. 7 to 9) by using stardard Rockwell
conversion tables. As expected, joints with
larger fillet radii (Samples 1, 2, and 3)
showed a signiflcant loss of strength at the
joint because of annea.ling in the joint region.
The Rockwell data suggest that strength dif-
ferences on the order of 10 percent to 15
percent exist between the smallest and larg-
est fillets. And I found that TIG rvelding pro-
duced less softering near the joint than braze
welding, most likely from less amealing of
the tube metal.

The graph in Fig. 7 shows the expelimen-
tally determined relationship of tensile
strength and 6llet radius. This relalionship is
linear throughout the radius mnge of most
blaze welds. The glaphs in Figs.8 ard 9
show the comparison oI skength vs. length
away from the fillet edge; samples are
grouped by tubing rnanufacturer. For both
types of tubing, longer periods of braze
weldinS combined with large radii fillets
soften the region significantly within 0.4
inches from the edge of the fillet. TIG
welded joinrs show much less softening in
the heat affected zone (Samples 9 aod 8 in
Figs. 8 ard 9, respectively). These joints
had a much higher cooling rate than the
braze welded samples.

Control Sample 12, prepared to examine
the strength in the weld material, indicates
that the weld material undergoes consider-
able hardening, even with the precautions

talefl by usiflg mild steel filler metal. At a
hardness of 110 Rockwell B, the material has
a tensile strength of around 180 kpsi and
ductility on the order of 6 percent elonga-
tion, In fuct, the hardness measulement on
Sample 12 may be lower than that of an ac-
tual welded joint because the amount of ma-
teial available to conduct heat away ftom a

puddle in this sample tube was reduced by r/3

(no mitered tube, Fig. 5). The cooling rate
world be hster on the sample joints.

Recommendations

My results show that the smallest possible
brazed joint radius will produce the strongest
joints by minimizing amealing effects. This
applies to internally reinlorced joints (Reg.
2) as well iI the reinforcement dimensions
are kept to a minimum,

ln pmctice, the smallest brazeable fillet is
on the order of.10 to .15 inch radius, due to
the minimum area heated during brazing. A
6let of this size should proyide adequate
joint strength for a well-mitered unrein-
forced joint. Reinforced joints will require
larger fillet radii.

One complication: the builder who is inex-
perienced with sma.ll radius fillets must pay
more attention to fixture techniques. The
strength of the brass filler at elevated tem-
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peratures is very low. Jigs and fxtutes that
constrain the tube in all directions can intro-
duce stresses in the 6llet that cause cracks in
the filler, a result of the nontmiform expan-
sion of the ioint naterials during heating. I
have noticed this phenomenon when experi-
menting with Extue techniques.

A.lthough TIG welding produces less an-
nealing of the tubes than brazhg, it irtrc
duces potential problems with brittle fail-
ures, and because of the geometly of the
joint, it can cause stress concentlations
which will lead to fatigue failures, The work
of Phelal and Curmingham indicates that lo-
cal reinforcement to reduce stress concen-
trations is a very efrective way to increase
the stren8th of the joint. This is true regard-
less of the method of consttuction.

TIG welding produces very localized heat
affected zones. This characteristic can be
used to produce "built-up" sections for rein-
forcement that shift tie welded areas to rela-
tiyely low stress areas of the tube. For ex-

ample, a "saddle" gusset (Fig. 10) can be
employed to move the welded zone around
the tube to tlrc rcutrdl axis, minimizing the
possibility of failure at the weld. This is not
possible with brazing techniques because of
the necessadly lalge heated area.

A TIG welded joint that includes one mild
steel alloy tube (AISI ,1010 or #10æ), such
as the bottom bracket joints of a bicycle
ftame, will be less prone to embrittlement
dudry cooling since the material in the pud-
dle will be lower carbon, Iess hardenable al-
loy. On tandem and off-road frames, the
head tubes are often a very heavy gauge
tube in order to eliminate distortion during
the frame construction. These tubes could
be an AISI 1020 tube rather than CrMo and
still be adequately strong, and the resulting
TIG welded joints would be less plone to the
hardening effects as discussed above.

A simple uEeinfolced TIG welded butt
ioint has a very serious stress concentration
in the joint vhen loaded in bending. Joint de-
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Flgurc 10: Diagram 0l "SaddlE" Gusssl

signs usinS light tube gauges must take this
into account. The localization of the heat-
treated metal at the joint makes this very im-
portant, Internal reinforcements, as dis-
cussed by Phelan and Cunningham are
potentially useful in solving this problem.

A TIG welded ioint can be purposely an-
nealed oi tempefed after the weld has been
completed, by heating with an oxy-acetalene
torch, This step is mentioned by Reynolds
Tube in their publication, "Guide to Cycle

Questions." Often tlrc assembly process can
be designed to include this step while install-
ing braze-ons in tlle area to be heat treated,
eliminating the necessiry of extra steps in
tlrc building process.

My personal observatiorc indicate that the
simplest (unreinforced) TIG welded frame
may have adequate strenglh only for low
stress applications. Severe off-road use can

cause failures. There needs to be more qual-

itative wolk done on joint desi$ and fatigue
considerations.

Big is Not Beautiful

Since large radius fllets are so popular
with some builders curently, we should re-
consider the motivation behind this joining

technique. The obvious reason for creating
this sort of a joint would seem to be in-
creased strength. Curiously, a.ll of the build-
ers with whom I have discussed tlis readily
admit that a much smaller radius 6llet will
supply adequate strength. What then is the
reason for this §pe of construction?

My experieoce indicates tiat brazed joints
are built with large radius fllets for two rea-
sons. The fust is purely aesthetic. They look
nice, Magazine wdtels have nice adjectives
to describe thern as well ("beefy," "mas-
sive," etc.).

The second is that they are eas! to "rt*
ls}. " The faishing process involves smooth-
ing out the iregularities along the surface of
the 6llet, and "blendinS" tle weld into the

tube. This is a demanding, time-consuming
operation. Finishing is genelally done witl a
hard-held lotary 6le using a ''cartddge roll''
abrasive cutter. The large fiUets allow the
use of a larger cartridge roll. The larger roll
lasts longer, cuts Iaster at lower angular
speeds that are easy to control, and allows
the blending at the tube to be done with less
risk of cutting away the tube wall. And, for a

given volume of meta.l removed, the large
roll will cut a shallower notch because of the
smaller curvature at the cutting surface
(larger radius) .

The production of high quality braze
welded frames is a labor-intensive process.
Much of the time is spent in tedious Enishing
operations, So there is considerable incen-
tive to produce an attlactive product. But
tllese tests indicate that large radii fllets, al-
though perhaps more aestlrctic and easier to
produce, compromise the critical skuctual
properties of tlle frame. These structural
properties should take precedence if the
tame is to be as sfong afld light as possible,

Fuhre Study

Because of the complex thermal history of
the brazed joints, a more statistically sound
study is desirable. The average ploperties of
a lalger group of samples would smooth
some of the fluctuations in the data. For ex-
ample, Sample 7 yielded "as-delivered"
hardness measulements above the rest of
the goup of Reynolds samples, and I noticed
a spread in the hardness data around the pe-
riphery of the joints.

Though the as-delivered microstuctures
of the Ishiwata aod Reynolds tubes are con-
siderably different, it is probable that the
heat treatnent they receive during brazing
would make them more similar alter brazing.
An examination of the microstructure before
and alter joining would allo.x a comparison of
the effects of pre-blazing microstructure on
the fnished joints, if any.

Examining the miqostructure in the heat
afiected zones of ali specimens would reveal
the natue of the heat treatment more accu-
rately. In particular, examining the micro-
structuie of the TIG welded samples for
martensitic structures would be valuable.

Beferences
1. "The Metallurgy of Brazing: Part 4," by
Mario Emiliani; Bihe Tbch, Yol. 2, No. 2,
April 1983.
2. 'Calibrated Destructive Testing of Bicy-
cle Frames, " by Jacquie Phelan with Chades
Cumingham; Bihe Tech, \o1. 2, No. 4, Au-
gust 1983.
3. Machhzry's Handbooå (19th edition), H.
L. Horton, editor; Industrial Press, New
York, NY; page 2060.
4. Tlan$for'rnarbrrs h Metøls, by P. Shew-
mon, McGraw-Hill, New York, NY 1969.
5. Metals and Pløstics: P/oductiofl a d
Plocessirg, by Thomas P, Hughes. Irwin-
Farnham Co., Chicago, IL, 1948.
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IDEAS & OPINIONS

Fork Tubing Dimensions

I enjoyed very much Ray Pipkin's Front
Fork Analysis in Augu st lg84 B;he Tech. Bd
there is a mistake in it which results from
misinterpreting the Columbus-Sl specificå-
tions; the tubes used in making Columbus-
SL fork blades do ttot have a uniform 0.91
mm thickness before taperiog, as Pipkin as-
sumes. Rather, they are a uniform 0.90 mm
th .k ofler ld:pe'jng, according to both Co-
lumbus speciications and to measurements I
took on a sample. Befole tapering, they are
single-butted tubes, with the wall thickness
varying ftom 0.90 mm at the clown end to
0.45 mm at the &opout.

So some corrections in Pipkin's diagrams
n ill be necessary. The graphs for Columbus-
SL will always be parallel to those for Rey-
nolds 531-SL. Actually, the Reynolds 531-SL
is somewhat stiffer than Columbus-Sl be-
cause of the thicker wal. Pipkh's diagams
showed the opposite.

This mistake is often made because Rey-
nolds is tie only manufrcturer who speci§es
the r a.ll thickness of fotkbhdes before taper.
ing. AI other brands (Columbus, Ishiwata,
Tange, Vitus) specify the wall thickness ølet
taæring. This mistake appeared also in the
"Straight Talk on Steel" article in July 1982
Bicacling.

Pipkin's graphs labeled Columbus-Sl
would actually apply to cheap "HiTen" or
low-carbon fork tubes, which are normally
made from 1.2 mm thick unbutted tubing. It
would be intelesting to see the calculated
flexibility results for such a folk tube.

Thomas Metzmacher
Munich, West Gerrnany

Rat Pirhin reslottds:

I'm a6:aid I was the victim of advertising.
The cleverly-worded ads for TI Reynolds
suggested, witiout actually saying so, that
od, Relnolds' fork tubes have constant wall
thickness after taperiflg. I took my data ftom
Deloflg's G ile to Biclcles øtd Bicylittg,Ta-
ble 3.2, page 45, which reinforces tie im-
pression that Relnolds and Columbus forks
differ ir construction. In fact, Mr. Metzma-
cher is right: not only Reynolds and Colum-
bus, but also the othe! manufacturers he
mentions, produce fork tubes with constant
wall thicl ess after tapering.

On the basis of tiis corrected data, I would
aSree that fo*s made of Columbus-Sl and

Reynolds 531-SL are nearly equivalent in
stitrless, with the latte! beirg slightly stiffer
because of the thicker wall. Thanks to
Thomas Metzrnacher for settilg the record
straight.



newsline
TI REYNOLDS UPRATES 753 TI'BING AND II!'TBODUCES NEW 5OO SERIE§: A
2070 increase in the rated mechanical strength.of Reimolds 753 frame tubes has been announced
by TI Reynolds of Birmiagham, England. The ultimate tensile strenSth rating has been improved
to 179,200 psi (up from 168,000 psi), and the leld strength rating is now 156,800 psi. The
fatigue strength rating has also been upgraded to 145,600 psi with up to two million stress-
reversal cycles. Accordirg to Neal Kastley, TI Reynolds Markethg Marager, the upgrading was
made possible by a new step in the proprietary production process (which already includes 7
cold-drawing operations and 11 heat-treatment cycles). The new treatment process uses vac-
uum induction furnaces manulactured by ABAR Corp. (of lvyland, PA) which was recently
bought out by Reynolds' parent corporation, Tube Investmerts, Ltd. Noting that 753 tubing was
used in building two of the 1984 Olympic gold medal-winning bicycles, Kastley points out that the
upgraded 753 tubing wil provide a 2070 improvement h trame strength and fatigue resistance.

In a separate announcement, TI Reynolds has introduced the new "500" series of chrome-
molybdetdum alloy main ftame tubes. The 500 series tubes are based on the well-knom Rey-
nolds 501 Cromalloy-M specifcation, but have a constant wall thickness (20 gauge), and a rated
tensile skength of 98,600 psi. Reynolds is targeting the new 500 series at the high-volume
manuhcturers of conventional lightweight sports bikes and BMX machines.

< BBIDGESTONE UNVEILS NEW STEPLESS TRANSMISSION: A continuously vari-
able transmission that mounts on the crank axle, in place of chainwheels, has been introduced by
Bridgestone in the US and Europe. Full details of how the mechanism works have not yet been
released, but dra$,i[gs plovided to Bihe Tech by Bridgestone show that the system uses an
eccentric rotor to drive a series of ten ntchet-ard-pawl arms (see illustration). The system
seems to work well: the demonstration model shown last October at the Las Vegas lnterbike
Show did indeed give stepless shifting over a wide ratio range. Stay tuned for further details.

DESIGN COMPETITION FOR NEIGTIBORHOOD BICYCI,E SHELTENS IN NEW
YORK CITY The Stryke!'s Bay Neighborhood Council, of the Upper West Side of Malhattan,
is looking for innovative designs for overnight bicycle shelters. There ale an estimated two and
one-half million bicycles in New York City, yet most residents have no reasonably secure and

convenient means for parking their vehicles. To help remedy the problem, tle Neighborhood
Council is sponsoring a Design Competition which will award $1200, $600, and $300 prizes to the
designs judged to be most "economical, street-wise, and appealing." The judging panel will
include representatives of local bike shops, cycling advocacy groups, architectural and industrial
designers, and the police depaltment. To enter the competition, designers must 6rst register by
sending $15 along with their name, address, and phone number to: "Bicycle Shelter Design
Competition," Stlyker's Bay Neighborhood Council, 561 Columbus Ave., New York, NY 10024.
Deadlirc for registrations is March 22, 1985; deadline for submissions is April 22, 1985.

< NEIY FI.OW VISUALIZAf,ION TECHNIQT'E REVEALS SURF:ACE STREÅM.
LINES: Flow visualization is an experimental technique used extensively in the aerodl,namic
design of aircraft and automobiles. The technique could help designers of bicycles and HPV's in
their efforts to reduce air drag. But the complexity and expense of the plocedure has limited its
use to high-budget projects. Nou,, however, a new flow visualization method has been developed
that is simple and inexpeDsive enough to be usefirl to experimenters and inventors h the cycling
wo d.

The new technique provides a permenent record of ink traces that reveal the shape and direc-
tion of flow strearnlines near a sotd surface. First, a matrix of ink-dots is applied to matte
polyester draJting 6lm using an indelible felt-tip pen (see upper illustration). Then the 6lm is
attached to the surhce of interest (eg, a faidnd. Firally, a layer of Oil of Wintergreen (methyl
salicylate) is sEayed onto the 6lm, and the air flow (ftom fun, wind tumel, or forward motion) is
started. The result is that the ink dots slowly "dissolve" irto the Oil of Wintergreen, which is
behg swept along the surface in the dominant pattern of flow. After a lew minutes, the Oil has
evaporated, leavi[g a permanent picture of ink kaces that reveal the strean ines of flow near the
suråce (see lower illustration, which shows the classical flow pattern arcund a circular cylinder).
A howledgeable designer catl interpret these patterns to 6nd clues for reducing air dmg.

Further details are given in the report "A Nerv Surface-Streamline Flow Visualization Tech-
nique," by L.S. Langston and M.T. Boyle, Jounal of Fluid Mechanics, 125, pp. 53-57, and in
Technical Support Package ILEW-13875, available free ftom NASA, PO. Box 8757, Baltimore-
Washi4ton Intenational Airport, MD 2120.
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