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Whv do

Cranks Break?

Back to the

Drawing Board

Jolm Booth Davies

Editor's xote: Wh! do cranhs sotuetirrres
brcak? A seies of rcaders' lettels ofi this qtes-
tion aøleared recehtl! ix lhc British Cycling,
rdnging flØn the barel! cred,ible (one inditid-
ual uith ten crønh fa,iLures) to othzrs uho itaoe

lourdzd the same clarrh for years with no

Prcblem. Dt. John Booth Dauies, ø Senior
Lecturer ib Psycholog øt Unil)ers;b of St/ath-
cltde, ashed all reødels u)ho egeienced such
failures to write hiot a letter u)ith the details.
He søid, "the oxly adaice §aen is to tø, the
crakks on u'ith a øooden block or møllet,
thzreb! awrehtl! urechirlg the beaings, or
also to s /ch /egularl! for hai i a cruchs
utith a magøifier Giaen thz potetttiallt disas-
trous consequefices of crath breahages, I
thihh the rirne has come to inoest;gate this mat-
ter,nole tharo ghll." Here are his retults. If
an! Bike Tech readers are intelested in con-
ducting caliblated destluctiw tests of
c/athsets, ilease let as hfiou),

ln response to my Ietter I received re-
ports of 44 crank breakages from readers.
Some readers sent photographs, pieces of
crank, and even a complete chainset. I am
extremely gratefirl to all those who took the
time to reply. Below are some preliminary
comments, though I hope to take things fur-
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ther with the help of a metallurgist at some
time in the neer future.

The fiI§t thing to emerge is that much of
the previous corespondence may have been
aimed at a relatively minor issue , namely fail-
ure of cranks at the bottom bracket spindle.
Only three of the 44 reports concerned this
type offailure, whereas 33 readers reported
breakages at or near the pedal spindle. Of
these, 27 reported failure actually through
the pedal eye, and readers' comments plus
the broken bits I received confrm a highly
characteristic failure pattern ål lhis poinr.

The failure actually involves two tears,
one on each side of the pedal eye, the second
presumably precipirated by rhe firsl (see fig-
ure 1) . The samples I received show areas of
dark and blight netal in the broken surfaces,
suggesting that the crack develops over a
period of time and should be detectable be-
fore total failure occurs. I cannot tell
whether there is a tendency for the leading
or trailing crack to develop firct, but the sit-
ing of tie dark areas is identical on all the
samples I received, and indicates that the
crack develops in the outside face (of either
crack) and works its way inward.

Readers cited a fairly broad range of manu-
facturers' products, and I list these here for

figurc 1: Typical lailule points 0l cra[kset
shown by armws.
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interest. It is vital that one does rlot make
careless inferences tom this list because (a)

rcadets oI Ctcling are not a fully representa-
tive cross-section of the cycling community,
they tend probably to be more keen on their
hobby and perhaps subject ttrcir machhes to
more shess, and (b) the sales figures for the
various blands are not known. Thus, the fact
that three oJ the best-known and tusted
braads head the table for crank-failures may
merely hdicate that more keen cyclists use
their products. Breakages by brand were-

§troDglight................ 13 failures
(11 ol these ,lgD)

Cornpagaolo... ..,.. ,.......... . ,. ... ...9
TA ....................................9
Ofmega,.........,..,,..,..............3
Si161ar................................. 2
Sugino................................,2
Galli, SR, Zeus. . . . . . . . . . . . . . . . .....1 each
Unaamed..,..,..........,....,..,..,..3

While these fgures cannot be used to
make relative leliability judgments, they do
show that failures can and do occur in some
numbers, even among the most prestigious
brand-names. The regularity with which the
49D is cited seems worthy of more examina-
tion, as is the absence of anything from Shi-
mano, who are, I thin}, one of the market
leaders. Has anyone broken a Shimano set, I
wonder?

I have one or two further comments-
First, while failures occurred most often at
the peda.l, they were also reported in mid-
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Figure 2: Sideways bendino moment due
to pedaling lorce.

llrye, inlact, suppo ing hcc.

Extra load-spreading suppo

Fi0ure 3

crank ard at the bottom bracket. This sug-
gests that overall there is something mar-
ginal about current desiSns, and the
materials used to impleme[t those designs.
For example, a pair of cut-out Zeus cranks I
examined at Billy Bilsand's shop had bent as
well as torn apart at one side. Maybe a little
more "meal" is worth l.he extra weighl,

The failures at the pedal eye are interest-
ing. The nature of the breakages suggests a
crack starting in the outer crank face, and
this is consistent with many readerc' leports
that the breakage occurred when they were
oul of lhe saddle either climbing or moving
a{ay from lights. The position of the pedal
on the crank means that considerable side-
ways movement is imparted towards the
non-peda.l side. This is accentuated when
"honking," since the ride! uses the upper
body ard arms to lever tle bike against his/
herfeet, both increasing the sideways move-
ment and, as the bike tilts, making its angle
even more acute (see figure 2).

It seems to me that an improvement in
pedal design might possibly help with the
problem. At the present time, some pedals
have a complete round "washer" face which
butts against the crank; whereas others have
only a partial butting face, with the metal
completely removed at the flats Ior the pedal
spanner. If these flats, representing potential
support which would spread the sideways
movement over a larger area if it was there,
take up a particular position when fully
home, there may be an absence oI support in
the critical area.

This problem will not be effectively over-
come by using loose washers, which prevent
surface damage to the crank, but are not a

gid, load-spreading part of tle p€dal itself.
My feeling that pedals as well as cnnks
might be improved is supported by reports

from two "multiple crank breakers," both of
whom reported shifting the same pedals be-
tween their numerous sets of cranls. More
support would be provided by a larger, rigid,
complete wåsher-type face on the pedal
side. Furthermore, if the pedal axle were it-
self dilled and tapped, a further bolt with a
laige washer-face could be screwed in from
the other side, of{ering further support (see

fgure 3).
All of this would, of course, be helped by

beefng up the sides of the pedal eye . Finaly,
although the dangers of overtightening have
been stressed many times before, it will be
apparent that any load-sensing function pro-
vided by the flat face on the pedal spindle will
be nullified if this is not snugged securely
against the crant face. A pedal which almost
(but not quite) goes all the rray home (at
which point the spanner-operator may well
desist for fear of overtightering) \Årill place

considerable stress on the pedal eye through
not properly supporting itselJ, and thus con-
centrating its sideways movement in a very
§mail area.

Ultimately, however, I feel the fact that
cranks can and do fail at the pedal, in the
middle, and at the bottom bracket, suggests
that a new chunkier design is called for. All
the tinke ng about with torque wrenches,
pedal washers and what-have-you will pro-
vide at best only stop-gap solutiors if tlre
problem lies in marginal crank desigl. I
hope, presently, to pass on the views of an
engineer and a metallurgist, but my feeling is
that much light could be shed by a series of
properly conducted destructive tests. Any-
one interested in having his cranks smashed
up in the cause of science?

Reiiflted uith petmission fmm tha Octobel
2A, D84 isere of Cycli,jlg, Coblight 1984.



III IHE LAB

A "Standud"
Crankset

Flexibility Test

Robert G. Flower

The original goal of this research was to
shake out the controvercies in cmn-kset de-
sign. We have all heard claims and counter-
claims: "Aerodynamic cranksets are too
f,exible," "Cranks with an offset clantarm
are more rigid," and so forth. The curious
fact is: there is nothing even close to an es-
tablished procedure in the bicycle industry
for measuring or comparing the flexibility of
cranksets.

The Rodale Press Product Testing De-
partment, which provides technical services
ø Bicycling maeazi;ne and Bihe Tech on ot:ca-
sion, was called into action. My job, as engi-
neering consultant to the Testing Depart-
ment, was to develop a standard cnnkset
oexibility test. This lesl is described here in
detail. The second task was to test a group
oI cmnksets that are typical of what is avail-
able on the market today. These results are
repoIted here, and also appeared in short-
ened form in Bicycling magazine, SeptlOct
1984. ln a word, we found that the most flex-
ible crankset tested was about 30 percent
more oexible than the stiffest.

The third task was supposed to be figunng
out what design features made the "stiffest"
crankset. We started by calculating the
amount of elastic strain energy absorbed by
each of the cranks (a direct measue of the
"lost motion" which the rider experiences)
under hillclimbing loads. The results were a

surprise: even the most flexible crank tested
was not a rnajor contributor to lost motion.
Less than 1.7 percent of the rider's pedaling

energy would be dissipated by 0exing of this
most flexible crank. For the stiffest set. the
figure would drop to about 1.3 percent. The
difference between the two,0.4 percent,
might make a difference in track competi-
tions (if they ircluded hillclimbing), but would
probably be undetectable in outdoor road rid-
ing.

We've concluded from all this that it's not
all that important to find the stiffest crankset
design. Instead, factors such as weight and
chainring interchangeability should be con-
sidered.

Test EEipment

Our two maifl concerfls in developing the
fleibility test were: 1) the loading and con-
stIaint conditiom should be as realistic as
possible, and 2) the test setup should use
siople and readily-available componerts so
that others could replicate the results,

The basic test stand (see photo) is a steel
post (2 3/4 inch square tubular bar, 1/4 inch
wall) welded to a 1/2 inch thick steel base
plate and threaded {ith standard bottom
bracket threads (1.34 inch x 24 TPI). To plo-
vide an "unmoving" sprocket against which
the chain cati pull, we welded two standard
freewheel bodies to side plates (3/8 inch
steel); these plates also serve to strengthen
the vertical post which holds the bottom
bracket. The freewheels are mounted
"backwards"; that is, they are free to rotate
in the direction orrosits to the chain pull.
This provides a large degree of adjustability
when aligning the crankarm to a pre-
specified angle for the tests.

A standard pedal spindle (without pedal)
was threaded into the eye of each crankarm;
in fact, the same peda\ spindle was used on
all the cranlsets tested so that any flex in the
pedal spindle itself would be the same in all
the tests. Later measurements found no de-
tectable flexing of the pedal spindle. The
force representing the rider's leg-force was
supplied by a pneumatic actuator ("air cylin-
der") fitted between the pedal spindle and
base plate. A set-screw collar held the piston
rod ofthe aiI cylinder in positiol on the pedal
spindle. This position was chosen to repre-
sent the center of a typical pedal.

We used the following pneumatic compo-
nents, which we found to provide an accu-
mte and flexible system for a variety of me-
chanical tests in the shop:

-actuator: B€llofram Dtaphragm An
Cylinder, Size 6; nominal 2.8 inch bore
dialn.etet, 2,4 inch stroke length, ap-
proximate price $80 (Bellofram Corp.,
Bu ington, MA). .

-pressure regulator: Bellofmm Preci.
sion Air Begulator, Type 41; inlet
pressure 250 psi max., outlet pressure
adjustable 0 - 120 psi. approximate price
$æ.

-pressure 
gauge: Hetcoid Tbst Gauge,

Type G1D; 0 - 60 psi, 1/4 percent accu'
mcy, approximate price $60 (Helicoid
Div., Bristol-Babcock Inc., Waterbury,
CD,

It is necessary to calibrate the "bore size"
of the air cylinder, so that the pressure mea-
sured on the test gauge can be converted to
the lorce exerted by the actuator. We per-
formed this calibration by using a digital labo-
ratory scale (0.19o accuracy) to measure the
actual force exerted at a number of psi read-
ings: back-calculation then found that the cyl-
inder's actuel bore area was 6.1575 in'.

The test arrangement shown in the photo
corresponds to a vertical downward force
applied to the p€dal on the right side of the
bicycle, with the crankarm horizontal. Other
arrangements are possible: the crankarm
can be set at any angle lo lhe horizontal sim-
ply by adjusting it to the desired ångle when
installing the chain. Our tests used 0, 30, 60,
and 90 degree angles, as measured on a v-



Tablo 1: MeasulGd Flsxibilily ol CrantsoB (lhousandths ol an inch psr lb lolce applied)

Force applied to > LEFI PEDAL

rnd ilodel

Shimano Dura-Ace AX (165 mm)

Shimano oura-Ace AX (170 mm)

Shimano 600 EX

Mavic Serie 600 (,Vote 3)
SunJour Superbe Road (Note 4)

Shimano oura-Ace AX (175 mm)

Sakae CRC 301

Campagrclo Nuovo Record Road

Sunlour Superbe Road (,Vole 5)
Specialized Racing

Gipiemme Special

Sakae Aero X
Sugino Aero Mighty
Stronglight 106

Campagnolo Gran Sport
Sugino ABro Tour

Galli XL Aero

Excel Rhino

Edco Competition Aero

Vlrtlcal Forco 15 deg lnward Fotce (Note 1)

03060900306090

1.90 1.50

1.91 1.47

2.05 1.60

2.11 1.79

2.12 1.70

2.12 1.60

2.19 1.71

2.21 1.72

2.01 1.81

2.20 1.78

223 1.83

2.24 1.89

2.25 1.81

2.26 1.88

2.26 1.80

2.34 1.79

2.47 1.98

2.52 1.89

2.56 1.91

0.82 0.45
0.75 0.47
0.81 0.43

0.99 0.56

0.92 0.54
0.92 0.50

0.87 0.45

0.91 0.55

1.01 0.63

0.99 0.59
0.97 0.55

0.92 0.52

0.s4 0.51

1.01 0.62

0.98 0.62
0.90 0.48
1.03 0.56
0.92 0.57
1.07 0.64

1.80 1.58 0.98 0.72

1.86 1.53 0.95 0.65

2.02 1.88 1.'t9 0.88

1.97 r.69 1.04 0.79

2.11 1.83 1.08 0.74

2.13 1.69 1.08 0.74

2.01 1.79 1.31 0.95

2.07 1.84 1.22 0.85

2.00 1.67 1.09 0.r/
2.14 1.72 1.09 0.73

2.18 1.86 1.12 0.74

2.02 1 .78 1.06 0.77

2.08 1.80 1.13 0.81

2.21 1.80 1.04 0.72

2.34 1.97 1.20 0.81

2.23 1.87 1.05 0.70

2.38 2.m 1.24 0.84

Force applied to > RIGHT PEDAI.

Direction ol applied force ------->

tUanulacluror/Dlstrhutor
.nd ilodol

Vo lcal Force 't5 deg lnwad Force (l,lote 1)

03060900306090

Shimano Dura'Ace AX (165 mm)

Shimano Dura-Ace AX (170 mm)

Shimano 600 EX

[4avic Serie 600 (/Vole 3)
SunTour Superbe Road (lvote 4)
Shimano 0ura-Ace AX (175 mm)
Sakae CRC 301

Campagnolo Nuovo Record Road

SunTour SuDerbe Road (/Vote 5)

Specialized Racing

Gipiemme Special

Sakae Aero X

Sugino Aero Mighty
Stronqlight 106

Campa0nolo Gran Sport
Sugino Aero Tour

Galli XL Aero

Excel Bhino

Edco Competition Aero

0.86 0.74
0.82 0.90
0.90 0.83
1.03 1.03

1.04 0.16
0.98 0.84
1.01 0.86
1.11 0.99
1.10 0.95
't.05 l.M
0.98 0.94

0.98 0.92
1.09 0.89
1.24 1.07

1.'t9 1.04

0.98 0.86
1.10 1.05
't.08 1.01

1.06 0.9S

0.60 0.48
0.59 0.51

0.52 0.37
0.71 0.56
0.65 0.51

0.66 0.56
0.64 0.51

0.69 0.55
0.71 0.53
0.74 0.63
0.68 0.5s
0.71 0.55
0.67 0.52
0.76 0.6'1

0.76 0.58

0.67 0.57
0.74 0.59
0.69 0.56
0.73 0.56

0.80 0.93
0.79 0.93
0.95 1.12

0.90 0.96

0.9s 'r.03

0.97 'r.04

1.08 0.96
0.99 1.16

0.90 1.0€

0.88 1.0'1

1.03 t.05
1.11 1.1'1

1.12 1.09

0.92 0.s0
0.99 'r.08

1.03 1.08

0.98 1.05

0.83 0.69
0.75 0.66
0.94 0.80
0.84 0.72

0.86 0.71

0.89 0.78

0.89 0.76
0.93 0.94
0.86 0.75
0.96 0.82

0.91 0.77
0.92 0.n
0.91 0.87
1.22 0.n
0.91 0.84

0.92 0.79

0.89 0.83

Nolesl
1. "lnward" applied force represenls lhe situation where the rider "losses" the bike frcm side to slde, as in hillclimbinq.
2- Angle rn€asured wih respect to horizontalwilh crank lorward; thus 90 degr€e crank anole means bottomdead-center.
3. Mavic Serie 600lested wilh Campaonolo Nuovo Recod axle and bea n0s.

4. Tesled wilh sealed beaing axle.

5. Tesled wilh regular beadng§ and axle.
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base "algle-fi[der" strapped to the
crankarm. Another vafiation is that tle air
cylinder can be attached at various locatioDs
on the base plate in order to apply "side-
ways" forces. These forces represent the
situation (such as climbing steep hills) vhen
the rider swings tlle bike from side to side
and, in effect, pushes inward on the peda.ls.

Deflections In-Line

We measured deflection of the crankset to
the nearest half-thousandth of an inch. using
a standard dia.l indicator that was mounted
iø-lize with the axis of the air cylinder. The
dial indicator was mounted on a steel 90-
degree angle channel attached (by band
clamps) ro the air cylinder itself, This in-line
arrangement is an important detail: it p!o-
vides the easiest way to calculate the elastic
strain energy absorbed by the crankset. Re-
calling that strain energy (a scalar) equals the
dot-product of the force vector times the dis-
placement vector, ve see that a simple mul-
tiplication (deflection measured inJine with
force times force) is all that's needed. We
will use this relationship later to estimate
loss of pedaling efficiency caused by crank
0ex.

Test Procedure

An experienced mechanic installed each
crankset on the test stand, setting the bear
ing cups for minimum free play, and using a
torque wrench to apply 18 to 20 ft-lbs to the
clank 6xing bolts. Before starting each test,
a 60lb preJoad was applied to the pedal spin-
dle, and everything was tapped with a plastic
rnallet to setUe tlle chain and remove loose-
ness. Then forces corresponding to 10, 20,
30, and 40 psi on the test gauge (approxi-

mately 60, 120, 180, and 240 lbs) were ap-
plied, and the resulting displacements were
recorded. The air pressure was then re-
duced to about 5 psi (30 lbs force) and the
cycle repeated. If the displacements on the
second cycle differed ftom those on the first
by more than +/- 0.002 inch, we rejected
the data and re-tightened everlthing on the
crankset and test stand before redoing the
entire run.

A plot of applied force versus measured
displacement showed that the data points
came very close to falling on a straight line.
In fact, the slope of this "best fit" Iine is the
crankset's/efl'åilir, for the loading condition
of the test. (Flexibility is defined here as the
amount of deflectioD in line with the force per
unit of applied force .) We calculated the slope
of these lines, for each Ioading condition and
each crankset, using the standard linear re-
gression formula. In all cases, the resulting
regression coefficient (r squared) was
greater than 0.999, which indicates a very
good linear relationship between force and
deflection. The flexibility values obtained in
this way are a[ listed in Tabie 1.



AERODY]'IAMICS

Aerodvnamics vs.

Weiqht:

DanielKirshnu

Editor's note: We an bepifi.flirrg to see aelo-
dynamic utindshield-lihe føiings apfear oø
all-terrain bihes. Wile the fairings certainll
da er.hance the røhish alfealance of these m4-
chirres , ue haoe to ask uhethal uind resistance
k that much of ø hindrahce at slou moufitairi-
climbing Weds- Author Daniel Nirshner ashs
a sifiilar question hzre about lractical HPV
design: it the sto|-ønd-go, uphill-dounhill
Åding of the contrhuter ot day-tÅPqer, is hu)
øir drag or light ueight ,l.ore inqorta t? His
surflishrg answel is thtt thet'le abo&t equal,
and hz d,efi.fies ø. trøde-off bdratueler to qudn-
tily eflLtl! hou im?ortant each of these tlao

factors is in a oariet! of conditions. Fol exarn-

lle, if you'ae designed an improoed HPV fair-
ing th.at reduces thz whicle's drag bj 10 le/-
cent, it befter not increase the ehicle's ueight
b! more thah 10 lercerlt: ;t if did, the ertra
uøight uould hurt ,rl.o/e thafi thz louered d/ag
hel|s. Aero enthusiøsts and HPV dzsigaers
uill surell fiød much grist here for the mill.

Dafi Kirshnel idzs hk custorn lecumbent
to uork in the "flatlands" of Berheley Cali
fomia., where he hzl\s orga .ize ø. hca.l cha|ter
of the lxtemational Human Powered Vehicles
Associøtion. His undergraduate thesis ifi
lhtsics concem.d the handling of biclcles (see

"So»æ Non-Er|lanations of Bityle Stabil-
lf, " American Journal ol Physics, January
1980). Dak )ol/ld.lihe to achhouledge the øs-
s;stance anil useful comments of Anthony
Werler in the worh that led to this article.

Quan
the Tr

Cyclists know that extra weight slows you
down. And through the efforts of the Inter-
national Human Powered Vehicle Association
0HPVA) and others. ryclists are learning
that aerodlnamic effrciency can speed you
up. But increased aerodynamic efficiency of-
ten entails extra weight, for example, for
fairings, recumbent frame designs, and so
forth. This article describes a method I have
developed to calculate the trade-offs be-

tween aerodl,namic eftciency and weight un-
der a wide variety of riding conditions. in-
cluding the power level of the rider, the slope
of the ground, and the frequency of occur-
rence of stop signs. The results of this ca.lcu-
lation are shown in the graphs and Ebles in
this adicle; I expect tlat designers of futuIe
"practical" human powered vehicles
(HPVs) could rse this inlormation to evalu-
ate potential designs ard design changes.

One surprising result: for a "typical" HPV
under "typical" riding conditions, a small
percentage reduction in the vehicle's weight
is just as beneficial-in terms of overall
effciency-as the same percentage reduc-
tion in aerodlnamic drag. This fact could be
quite useful to designers because, at this
stage of HPV evolution, shaving off a few
pounds ot weight might be easier than im-
provhg the aerodynamic efficiency of a firlly-
faired vehicle.

Measuring the Trade-0ff

My basic assumption is that there is no
such thing as perfectly level ground and that
tlpical HPV riding conditions always include
starts and stops. For the calculations pre-
sented here, I've assumed that the specified

road course is a closed loop that includes
equal distances of equal uphill and downhill
slope (even nominally "level" gound has
shallow uphills and downhills). and also in-
cludes stop signs at regular intewals.

My criteion of overall elficiency is aver-
age velocity (on the specifed closed road
course) for a given level of power output
(i.e., muscular exertion) from the rider. To
quantify the trade-off between aerodynamic
efficiency and weight, I fust calculate the
overall average velocity which can be ob-
tained with a "typical" HPV under the spec-
i6ed riding conditions. Then I change the
aerodynamic effciency and find the new
value for the vehicle's mass which will result
in the same avenge velocity. For example, if
the aerodynamic drag is increased (leading to
a lower average velocity), the mass must be
decreased to attain the same avemge veloc-
ity. All of these calculations are carded out
by a microcomputer program written in
BASIC. The actual trade-offs which result
will depend, of couse, on the specific values
of aerodyoamic effciency, mass, mechanical
et6ciency, etc. which chaiacterize the base-
line "typical" HPV See the sidebar to this
article for further details about the compuler
calculations and for exact definitions of terms
like "average velocity" "aerodynamic
drag," etc.

Table 1: Results 0l a typical computer run. For each specified yalue oI Elfective Frontal Arsa
(ACJ, the computer adiusls lhe mass (ol rider plus vehicle) s0 that averagc vclocity
rcmains lhe samc as that (13.6 mirhr) of the "baseline" design. (Each linc in Table
2 is generated in lhis mann8r, uslng vadous valuos ol rider powor, slope, and slops
per mile.) Resulis l0r the "convonlional bike" (abot e) were calculaled by assuming
lealislic values lor thG bike'§ cllocllvo lmnhl ar8a and mass.

- ridel Powel (Ph) = lm wats (0.13 hp)
- slope (s) = lvo
- stops/mils = 2
- rolling rssisiance coellicient = 0.050 l'lewtons/kg (0.005 lbfllbm)
- transmission elliciency = 90

Ellectlvc Frortal
Area (CoA)

Mass (m)

Bider & Vehicle Velocity (mi/h0

tglfm' down

"haseline"----

0.05 0.54

0.10 1.07

0.15 1.61

0.20 2.15

0.25 2.69

114.3

1(l7.4

100.0

s2.0

83.6

74.4

252.0

236.8

229.1

202.8

184.3

164.0

10.3

10.5

10.7

10.9

'| 1.1

11.4

19.8

19.2

'18.6

18.0

17.4

16.8

13.6

13.6

13.6

13.6

r3.0

13.60.30 3.23

"conventional
bike"--- 0.39 4.21 12.315.710.2195.388.6



Defining a "Tilical HPV"

In this analysis I am irterested mainly lrt
the vehicle's mass (m) and its aerodynamic
e6ciency, which is expressed by its effective
ftontal area (actual frontal area A times &ag
coeffcient CD). Other paEmeters are fixed
at what are hoped to be typical values. The
efficiency of power lrarsmission (i,e.. chain.
bealings, etc.) is set to 90 percent. Moulton
reports three-speed efficiencies of 80 per-
cent, 85 percent, and 90 percent in low gear,
high gear, and direct drive, respectively
(Ref. 1). The coefficient of rolling resistance
is set to 0.05 Newtors/kg (0.005 pounds-
fdrce/pound-mass). This value is given by
Whitt and Wilson for a bicycle with 27-inch
\r,heels (Ref. 2' P. 123).

The trade-off is calculated by varying the
initial values of rnass and aerodynamic drag,
For the initial value of mass, assuming the
rider weighs 77.3 kg (170 lbs) and the vehi-
cle rveighs 22.7 kg (50 lbs, the Vector's ap-
proximate weight), the total mass is (our
round-number goal now revealed) 100 kg
(220 lbs).

Although there are few published data for
area and drag coeffcient for HPVs , Kyle lists
values (Ref. 3) which yield an ACD product
ranging from 0.39 m'z(4.20 ft2, for a conven-
tional bicycle, to 0.07 m'(0,75 ft', for a fulty-
faired upright bicycle) to 0.06 m'(0.65 ft',
for a prone quadricycle with full {airing).
Since practical HPVs might sacrifice some of
the performance (and contortionistic re-
quirements) of these single-purpose racing
designs, I set ACD equal to 0.15 m'z (1.61 ft1
as an initial value. This could be achieved by
a vehicle with ftontal area A : 0.?5 m'(8.07
ft) and a drag coefficient CD : 0.20,

"Typical" Riding Conditions

Flgurc 1a: Lines ol conshnl av0rage vslocity with ridfl 0owsr = 1m wans

(1 percent slopo and 2 stoDsJmilE).

Rider Powol
(P,")

walls np

Stops
Slope per

{s) mile

Velocity (mirhl) lor
"baseline"design:
ACo = 0.150 m'

vohicls mass = 22.7 lg

Trade-oll
paramclel

%ÅACD

up down average o/.ÅYchicle mass

1

2
4

0
0
0

2
2
2

0%
0o/o

0%

10h
4/o
Ulo

1o/t
2o/o

1o/n

't00
'r00

100

100
100
100

100
100
100

0.13
0.13
0.13

0.13
0.13
0.13

0.13
0.13
0.13

16.1 16.1

14.7 14.7
12.8 12.8

0.47
1.25
5.40

0.98
2-29

10.81

16.1
14.7
12.8

r5.9
12.6
6.9

13.6
11.3
6.6

0.35
0.58
1.10

'| 1.6
7.8
3.7

10.7
7.6
3.7

25.6
32.7
49.8

18.6
n.0
3{r.6

\a
ia-

<e

*p

\
X§

\ {

{\ \

I specified riding conditions (i.e., rider

Tahlc 2: Tradeolls betweGn aerudynamic
eltciency and vehiclc mass while kecping
average velocity conslant. The lradeoll
pammeler tclls you the percentage changc
in aem elliciency (ACJ lhal producc§ lh8
samo Gllocl as a 1% change in vehicle mass.
Emmple: lo1 a fder powel level ol 100 watb,
on a closed course wilh 50/0 slopes and no
slops, a 5.40% lmprovemenl ln aerodynamic
ollicioncy has lhe same ellect (0n avonge
velocity) æ a 1% reduclion in vehicle mass.
ln gemral, wt€n lhe tradooll parameler is
grealer than l.m, roductions in lrohlclo mass
are relatively mor€ impo alt lhan
reducllons in air r€sistance. (All values
based on a$uming mlling resistancc
Goetlicient = 0.050 tlrkg and transmission
efilclency = 9(M.)

200 0.n 0o/o

200 0.27 00/o2N 0.n llVo

2OO li-27 loli)
200 0.n Nh
200 0.21 Wo

2m 0.n fln
200 0.27 Zs/o

2m o.27 5%

1 21.6 21.6
2 19.5 19.5
4 16.8 16.8

21.6
19.5
16.8

23.2
20.4
12.8

18.S
17.3
't 1.s

0.20
0.49
1.m

0.20
0.50
2.39

0.62
1.05
4.45

0
0
0

2
2
2

0.23
0.45
0.9:t

0.52
0.73
2.70

25.3
22.8
19.6

n.9
25.7
r7.9

Wol
Vln 2
Wr4
10/i 0
20h 0
50Å 0

1o/r 2
20h 2
ir/n 2

0.40
0.40
0.40

0.40
0.40
0.4ll

300
300
300

300
300
300

300
3m
300

18.7 30.5
t4.t 36.4
7.3 51.7

16.3 22.6
't3.2 25.4
7-2 33.1

25.3 25.3
22.8 n.8
19.6 r9.0

23.6 it4.l
19.1 39.3
10.7 53.4

m.0 25.5
17.1 28.0
10.5 u.7

0.12
0.29
1.42

0.40
0.40
0.40

22.4
21.3
10.1
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=h ss :§ \Sh*h§
Eody:

A = s.4ff=o.sm'z
Ce = 0.2

Wheels:
i = l2l @ in) (1 in) + (16 in) (1 in)

= 70 in'= 0.0452 m'
Go = 0'9

Axle:
A = (24 in) (1.5 in)

= 36 in' = 0.0232 m'

Cn = 0.30 (lor a cylinder)
coz = 0.06 (lor an oplimal airloil)-ss8

lntruluclion h FluM ltechaf,ics
by R.W. Fox and A.T. McDonald,
John Wiley, 1973, p. 412.

Calculations:
AGo, = (.5X.2)+(.11452X.9)+(.0232X.3)

= 0.1476 m'

ACm = (.sX.2)+ (.0a54(.9) +(.0232X.116)

= 0.1421 m?

Figule lb: Lines 0l constanl avelage volocily with ddol powel = 200 wath
(1 percent slope and 2 stopvmile).

power output, frequency of stops, and
slopes) which I felt were typical of a day trip
or commuter run. For the ider's power out-
put, I chose 100, 200, and 300 watts (0.13,

0.27, and,0.40 hp, respectively). Whitt and
Wilson state that an average expedenced
rider (casual commuter?) can maintain 75
watts (0.1 hp) pov,/er output, and a well-
trained racer can maintain 200 to 300 watts
(0.27 to 0.40 hp) for several hours (Ref. 2,
pages 3843). For hills, I chose slopes of 1

percent, 2 percent, and 5 percent. What
passes for level gound in the San Francisco
Bay area, including, for example, the so-

cailed "Berkeley Flatlands" near my home,
actually has slopes of about 2 percent ac-
cording to topographic maps. "Level
ground" almost always has minor undula-
tions with slope Sreater than 1 percent. The
5 percent figure represents a substantial but
bearable slope. Finally, I chose to examhe
stops every 1Å mile, r/z mile, 1 mile, and no
stops.

Table 1 shows the results of the computer
calculation for one set of iding conditions,
The line marked "baseline" in Table 1 rep-
resents the initial values of aerodynamic drag
(ACD: 0.15 m'z = 1.61 ft'?) and mass (m =
100 kg = 220 lbs). For these initial values,
the table shows that the velucle achieves an

oveEll avemge speed of 13.6 mi/hr (10.7 mii
hr uphill and 18.6 mi/hr downhill). The other
lines in the table show what happens as the
ACD palameter is varied above and below its
baseline value while the overall average ve-
locity (13.6 mi/hr) is constrained to remain
the same. These lines were calculated by
finding the mass which results in the desired
average velocity with the specified ACD
value. Note that for a change iII ACD from
0.15 to either 0.10 or 0.20 a 33.3 percent
change-the resulting change in mass (to

107.4 kg or 92,0 kg, respectively) averages
7.7 kg (16.9 lbs) a 34 percent change in the
yehicle's 22.7 kg (50 lb) mass. Thus,
changes in vehicle mass are about 0.98 times
as important as changes in aerodynamic
drag, under the conditions stated in Table 1.
Note also that this trade-off between mass
and aerodynamic drag is roughly linear over
the wide range of ACD values fisted in Table
I (this linear relationship is also graphed in
Figures 1a and 1b).

Table 2 summadzes, for a variety of riding
conditions, the relationship between charge
in vehicle mass and change in aerodynamic
efficiency (measured by ACD)-for a constant
average velocity. For the baseline conditions
(ACo = 0.15 m'z and vehicle mass = 50 lbs)
and for each combination of power, slope,
and stops per mile, Table 2 gives the overall
average velocity and, in the rightmost
column, what I call the "trade-off parame-
ter," which equals the percentage change in
ACo divided by the percentage change in ve-
hicle mass with the average velocity con-
strained to remain constant, For example, at
a power level of 100 watts, 1 percent slope,
and 2 stops/mile. (the same conditions as in
Table 1), the hade-off parameter of 0.98 in-
dicates that changes in vehicle mass are 0.98
times as important as changes in aerody-
namic efficiency.

Table 2 shows tlat at even modest rider
power levels (100 watts) aerod],namic effi-
ciency is more important than mass (i.e.,
trade-off panmeter is less than 1) for small
slopes (1 percent or less) and infrequent
stops (2 or less per mile) . But with more dif-
ficult ridiflg conditions (steeper slopes a]Id
more frequent stops) mass becomes more
important. At higher dder power levels (and

thus at higher speeds), however, aerody-
namic efficiency reasserts its importance.

Flgule 2: Calculation 0l Elleclivo tronlal
Ar€a (ACJ lor a Hypolhctical
HPV.

Sample Design Problem

A designer of HPVs might make use of
these results in the following way. His or her
prospective human powered commuting ve_

hicle might look something like the front
view shown in Figure 2. The three-wheeler
might have its wheels outside the aerody-
namic shell for reasons of stability in corner-
ing and crosswinds, and to keep water out.
Is it worthwhile to strearnline the axle, given
that a fairing for the axle increases weight?
Adding an axle fairing would decrease the
vehicle's ACD by 3.7 percent (from 0.1476
rn' to 0,1421 m'?), by calculations shown
in Figure 2. The designer now selects a

trade-off parameter of 1.0 which represents
(as shown in Table 2) a typical commuting
situation. Thus, the vehicle's mass could be
increased by 3.7 percent, or 1.9 lbs for a 50
lb vehicle, Surely an axle fairing weighing
less than 1.9 lbs can be built, and this analy-
sis shows that it is certair y worthwhile to



Calculating Avuage Velæities By Computer

Average velocity over equally long uphill
and downhill stretches is derived as foUows:
The time T to go a total distance D is:

(1) T = D/2(V,+Va)

where V, and Vo are the average velocities
uphill ard downhill respectively. Average ve-
Iocity over the tot l course (uphill and do\rn-
hill) is givel by V=D/T, and we can substi-
tute T from equation (1) into this expression
to obtain:

(2) v = 2.V".%/(v,+VJ
The uphill and downhill velocities are the
result of net power input and acceleration
between stop si8ns. Net power is the power
available to accelerate the vehicle after de-
ducting power consumed by mechanical
Iosses, aerodynamic drag, rolling resistance,
alld changes h poten§al energy (i.e., hill-
climbing). Net power input is given by:

(3) P*, = a.P, - q.CD.A.V3/2 -
m C*.V - m.g.s'V

where Pn = power input by rider (watts)

a : mechanical efficiency of &ive
train

q: density of air (1.æ3 kg/m3)
CD = coefficient of aerodynamic

drag
A = fronta.l area of vehicle (m)
V = velocity (m/s), either uphill

or downhill
m = mass of vehicle plus lider

(kg)
CR = coefficient of rolling

resistarce (Nefions/kg)
g = acceleration due to gravity

(9.8 rn/s)
s = slope (positive for uphill,

rcgative for downhill)

The fIst term on the right of equation (3) is
the power level of the rider adjusted fo!
losses in the chain, beadngs, etc. The sec-
ond term is the power loss due to air resis-

tance, The third term is po§,er lost to rollilg
resistance. Finally, the last term represents
the power consumed in moving the vehicle
uphil or gained in moving tie vehicle down-
hill.

Net power acts to accelerate the vehicle.
Acceleration as a frmction of net power and
velocity can be derived by differentiating the
equation for kinetic energy:
(4) E = m'v'1lz
(5) P*, = 6876, = mv(dv/dt) = mva
where a = dv/dt is acceleration.t Thus, ac-
celeration is given by:
(6) a = P".,/mV
The computer simulation uses numerical in-
tegation to calculate the time to travel dis-
tance D/2 starting hom a stop sign. This in-
tegration is performed for both uphill and
downldll segments.'

The heart of the computer program is an
algorithm which calculates the velocity and
position of the HPV step-by-step tkough
time, starting tom a dead stop. At each
step, the net power (P,.,, which depends on
the velocity) is calculated using equa{on (3),
alld then the acceleration calculated by equa-
tion (6) is used to determine the velocity for
the next step. A numerical integration
scheme is used to estimate velocity steps in
a Taylor series expan§on with two higher or-
der terms. The accuracy of this Eogram
was verifed by comparing its results with
tie analltic integral which can be solved ex-
actly when air drag and rolling resistance are
set to zero in equation (3).

The progaam includes facilities for repeat-
ing these calculations for uphill and downlill
segments for sprecified values of the relevart
variables (toø.| rnass, drag coeffcient, rider
power, etc.) under the interactive control of
the user.' Given a value for the air drag term
and a target average velocity, the plogram
uses a trial and error procedure to fnd the
vehicle mass that wiil meet the target aver-
age velocity. (That is, if velocity is too low,
reduce mass and try again.)

'Thk derbation hagt.tts th2 poel used in i7.-
cr..lrsing the mtational hirre{t enalBt ii toheels and
clanhs. Il this ucre includ2d, the lonn ol e4uatia^
(5) tteuw le ain the samz bul the tarnt "ri'' in (5)
øøuA thcn lqrletent ar, "effedhe ixettittl nass"
ahi.h antø be søEml te/ceht liwr lhan lfu acttal
trat itatianal m,^rs of thz t)ehib.

2There are a law drirorimetians it thb afiallsis.
Fiist, I Arsuncd lh$l ,to tifie is srefit in slou;w
d4ttn to a stnb. This al,lroirnation resulls in a
sl;git oLvestir ata of arerage oelocbb, onal thus a
swt onerestirnab of thr rclath)e ;ntb anae ofae/o-
dttufiic eIfui.tt! cornlaled lo ,fiass. The analrsis
ako ossu»tas that lhere on sto, signs at the tal a d

botort ol each Lihill and doronhill segficnt. Thus
fiofizntun is ,nt carTizd o1,w horn one segmant to
the,terl. F;no[f, assu W constarrl pwt in ut
horn the dd.r cat ses a ttmerical difrarlt becø&te
aacelelatio becori2s infnile in eq ntin. (6) uhen
oekxilf it zero. Thb øas ooelcorfie b! s;fig,lol the

fust har-second of accebøtiot|, tha analt'tical et-
blessbfi uhih ignoles ø w lott lo air drag, rolling

3The 
Trograu is wri zn ;a Micnsol BASIC a d

shouLrl run on most micmcomtutafi uith ,ninimal
,hodificar r . Readaq fiaJ obtair. a rrinted corf ol
tha lmpafibt send; g s slartled sev-atUressede -

tew ta the a thal at: 1819 Flancisco Strcet
(Rea), Be*e14, CA 94703.

ådd it. In fact, or y under very severe riding
conditions (slopes of 5 percent) does the axle
faiing become a doubtfri proposition.

Final 0bservations

Here are some numbers that should pro-
voke thought among HPV elthusiasts . I sent
a conventional upright, unfaired bicycle
through the calculation, under the same rid-
ing conditions that applied to the HPV in Ta-
ble 1 (100 watts rider power, 1 percent
slope, 2 stops/mile, etc.). For the conven-
tional bike, I assumed a vehicle mass of
11.4 ks (25lbs) with a 170lb rider (same as

for the HPV), and an ACo of 0.390 m'z (4.20

ft'), based on Kyle's data. The result, plot-
ted in Figure 2, shows that the conventional
bike averages only 12.3 mi/k, which is more
than 10 percent slower than the "baseline"
HPV's 13.6 mi/hr. Note that the conven-
tional bike is 50 percent lighter thar the
HPV but it has 160 percenl greater air resis-
tance. Thus the brke s penalty in air drag is
far greater than its benefits in lighter weight
and, ir these conditions, the bike would be a

poor choice compared to the "typical" HPV.
One 6nal point: in Figures 1a and 1b, the

lines oI constant average velocity are very
nearly straight and parallel. This indicates
that the trade-off parameters listed in Table
2 are applicable over a fairly wide range of
vehicle mass and aerodynamic efficiency
(ACD).

Practical HPVs could become popular very
quickly. By all indications, modestly trained
riders could average nearly 20 mi/hr under
typical riding conditions ircluding stops and
hills. These speeds should be attractive to
bicycle comouters everywhere. But HPV
designers have not yet developed a really at-
tractive and practical package. l'd hope to
see more compact vehicles in the future. Af-
ter all, I would hate to include in the calcula-
tions of average velocity the time spent
walking from the workplace to the HPV's
parking space.

I
!

1- "Huwtn Powere.d. Biqtle Coflside/atiofis," b!
Alct Mo lkn, in"lhe Fist Human Powered Vehi,
cle Scientific Symposium Proceedings, A.11 Aååor,
ed., IHPUA, 1982, i.81.
2. Bicycling Scier.ce (second editian), bj F.R.
Whitt and D.G. Wihon, The MIT Press, EA.
3. "Preditng Hu .an Poueled Vehiclz Perfot.
,fianee Using Eryomeht atul Aerodyami Druc
Measulerne ts," br Chestcr R. Kfl.e, i Prcrceed-
ings of the International Conference on Hurnan
Powered Transportation, San Dlego, 1979. Data
are ftttud red in BicwUng, Mar DA, t. 62.

I
I

Thh a/ticle laas adarted uith Pentisstoh
lrorn the Secoid International Human Pow-
ered Vehicle Scientific Symposium Proceed-
ings, published bt the IHPVA, PO Bo* 2068,
Seal Beach, CA 90740.
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ldeas & Opinions

StillFerdinand

I was delighted to 6nd Claude Genzling's
article reprinted in your August issue. Hav-
ing read the March 1984 "Le Cycle" (no.

99), I would like to bring to the attention oI
your readers another paper on the same sub-
ject. Dr. Jean-Pierre de Mondenard signs
this second article entitled: "World Record
and Altitude; the Essentia.l Scienti6c Prepa-
ration." The author discusses the pros and
cons of choosing Mexico in an attempt to
break the record. He points out that, if the
Iower air density gives tie cyclist an advan-
tage of up to 15 percent, the eficieocy of the
athlete diminishes by 7 percent because of
the breathing problems occurring in altitude .

This way, Moser would have benefited from
an increase of his speed rcaring 7 perceflt.
Applying this value to Ferdinand Bracke's
old record, Mondenard found that the true
hour record holder is . . . Bracke again.

Yves Robert
Poliquin-La Cord6e VElo
Monkeal, Quebec, Canada.

Aerodynamic Calculattons

I read both aerodynamic articles in the Au-
gust 1984 Biå? ?ecr. The approximations
made in "The True Hour Record
Holder. . . ls Brackei 'by Claude Genzling
are fairly extreme but seem okay, lt's Glen
Brown's article, "Spoke Drag, " tlat both-
ers me.

1. The intega.l (on page five) bothered
me for a long time, I calculated it all out and

arived at v, : 2/3 V2 instead ofF = s/o V'?as

vas reported. The drag isn't s/s, but 
'z/s 

of
the dmg of the same wheel held broadside to
the wind of the same speed.

2. How did Brown arrive at 3.2 square-
feet for a mounted, fully-crouched rider's
drag area? The most strearnlined combina-
tion in tle preceding Genzling article is 3.23
square-feet. Oversimplification to prove a

point?
Christopher R. Cleary
Reading, Massachusetts

Glen Broun reflies:
I'm happy to clear up the points tiat you

raised.

1. Some of the confusion arises from the
fact that several intermediate equations ftom
the oliginal manuscript were omitted ftom
the final printed version because of lack of
space. This made the mathematics a bit ob-
scure and my comme[ts on the separability
of the [anslational and rotatioml effects hald
to follow.

Here are some intermediate equations
that should help:

v' = v' t(r/R)' + cos'?e + 2 cose r/Rl

. , . this becomes the integrand in . . .

2rR1ta
"' =-;* 

J. J. 
n o'0"'

., . giving the result. . .

V = (th+tt2) \, = 5tø y,

The result is 5/e V'? as published, being the
sum of l/s V2 (translation) and 1/, V'z (rota-
tion). Note that I hcorectly revelsed the
proportion in the article.

Note also the twographical error in the
original article showing the bar denoting an
average appearing under the exponent, They
should be reversed, as correctly shown
above. It is the average value of the square,
not the square of the average.

2. The use of 3.2 instead of 3.23 is not an
oversimplification and was quite intentional.
The way that a number is written implies its
accuracy along with its value. The drag value
of a rider on a bicycle isn't sigrificant to one
percent, especially if his or her identity,
clothing, and positiol on the bicycle aren't
specffied exactly.

The point of the article is to provide a the-
oretical justi6cation for the assertion that
spoke drag is a highly significaflt portion of
the total dras of a bicycle (one that I found
hard to grasp intuitively). Once Chester
Kyle publishes his wind tunnel results, in-
cluding both drag and torque measurements,
tiose values should be used.

3. ['d also like to comment on Genzling's
article. His conclusion in terms of athletic
performance is, of course, corect. How-
ever, tlose who believe that cycling should
remain a pu.rely athletic sport should a.ll ride
high wheelers. There is only one hour-
record in my mind, and it belongs to Fred
Marl'tam h a streamlined Easy Racer re-
cumbent, set September 29, 1984 in India-
napolis. His distance was just over 60 kilo-
meters on a very rough s/e-mile oval in the
wind!

Glen Brown
Zzip Designs
Santa Cruz, California

It's Section Modulus that Counts

I disagree with Doug Roosa's explanation
n tl:€ Apii, Bihe Tech article on rim rigidity
and strength. He says that the Mavic Model
4 and the Rigida 1320 rims have equal rigidi-
ties but unequal strengths because "the Ri-
gida has less material to bear the load, so
each bit of material is under a higier level of
stress." The Rigida is weakerbecause it has
material at a greater distance from the neu-
tral axis than the Mavic. This material, being
more highly stressed than ally rnåterial in the
Mavic rim for the same applied load, may ex-
ceed its yield poirt arld cause pelmalent de-
formation, while the materia.l in the Mavic
rim, lying closer to the neutral axis. remains
within its elastic limit.

This can be seer by noting that the bend-
ing moment M" at the onset of permanent
deformation is given by:

M" = sy (UY)

where s, denotes the material's yield stress,
f is the distance of the farthest element
from the neutral ards, and /is the moment of
ineltia for the rim section. The quantity 1,/Y
is commonly known as the section modulus.

If the rigidity P is defined by the relation-
ship R : EI, then the rigidity-to-strength ra-
tio becomes:

R/M' : BYlt''

Note that the above expression is indepen-
dent of cross-sectional area. Ifthe ms have
approximately the same elastic moduli and
yield points, then the rigidity-to-suength m-
tios are proportional to Y alone.

Using the data supplied in Blåe fuclr, we
have for the Rigida rim:

(R/M")R,sd" = 92143 = 2.14,

and for the Mavic rim:

(R/M")M,"r = 92161 = 1.51.

Consequendy, I would suspect that the cor-
responding Y-values are roughly in the ratio
of 2.74 | 1.57.

To sum up, the Rigida and ivlavic rims are
equatly dgid because their moments of iner-
tia are similar; they are unequal in strength
because their section modu[ differ. This is
the only possible explanation iJ variations in

leld strength and elastic modulus are ex-
cluded. Differences in cross-sectional area
are immaterial.

Raymond Pipkin
Western Springs, Illinois
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HPU SPECIAT SECTIOl'I

Easv Talker

Inteririew with

Gardner Mrtin

Jim Redcay

Editor's ,lote: The uømes East Racel, Tour
Eos!, and Gordner Martifl Nill be fdttiliar to
those leaile$ uho attended the Tehth Anfi.Ml
Human-Powercd Speed Championships in
Irldi.anoPolis this ,ost Sertenber. The Eas!
RaceL utith rilel Fred, Marhhan, set tuo neu
IHPVA World Records (the 1000-rheter l /-
suit akd ofie-hou.l time trial), and other
Martin-designed uehicles also took seaerol
high aøards. The Tour Eas!, a louer-ficed,
higherltuduction successor to the Eas!
Racer, won the IHPVA's Most Pructical Vehi-
cle Awa in 1983. As one of the feu) designers
of HPV'| afid rcc rnbefits uhose Ploducts
haae been søccessful in the corh? ercial mar-

hetfl.a.ce, Gardner Mørtin has a unique loint
of aiew. In this iatefi)ie&, he erqloles sorke
tech iml and lructical factols that u)ill ihiu-
ence HPV design in tht heal future.

Bike Tech: What research have you been
doing on partial fairings or streamlining for
commuters' protection from the elements?
Most o{ what we've seen in the past seems
impBctical.
Martin: The practical approach to strean in-
ing for the street is basically a twojold sys-
tem. It's a quickly removable windshield, a
streamlined windshield such as the standard
Zzipper, or the new Super-Zzipper, which is
about thee times the size of the standard.
Then by adding a removable, stretchy body
cover that zips onto the big windshield and

entirely covers the rider, substantial aerody-
namic benefts can be achieved.

For the street, the strearnlining should be
easiJy removable i[ rhe bike s to be ridden in
hea\ry wiflds or heaw traffic with trucks or
buses - in some siluations any large surface
area can be higNy aflected by side winds.
You can learn to ride in the wind. and do what
sailors call tacking into the wind," but in a

lot of situations, full strean ining is not safe.
The large fiberglass bodies that we use on
the Easy Racers literally become airborne
under adverse wind conditions.
Bike Tech: So you're saying that elastic
cloth as opposed to.hard laminates would be
the way that strearnlining will go for bikes, if
åt all?

Martin: We thinl that that's the way it \,r'ill

probably go for bicycles in the immediate tu-
ture. because it's so simDle, so light and
does significaatly reduce wind resistance.
Bike Tech: What are we talking about m

miles per hour?
Martin: If a small Zzipper windshield adds
one and a half mph to the top speed on level
ground, the lørge Zzippet windshield adds

turo and a half mph. The large Zzipper wind-
shield with a body stocking will add another
two or two and a half mph above the wind-
shield alone. We're talking 4Il2 to 5 mph hour
for the complete setup, maybe even a little
more downiill.
Bike Tech: How about the cooling . . .?

Martin: The cloth body stocking probably

starts to become a little hot lor the ider,
with temperatures above 65. There are
things we're going to try \a'ith different ven-
tilation points. We've found that without
good ventilation your hands get awfuUy hot
and sweaty, and control could become a

problem. Although I haven't investigated
what percentage of heat is lost through the
hands, I think that could be one of the more
important places to ventilate the rider.
Bike Tech: Have your HPV's been venti
lated?
Martin: We haven't done any ventilation yet
on our experimental body stockings. Don
Licht, in Ohio, is working with his own ver-
sion of a cloth body stocking made out of sil-
ver reflective nylon. It completely covers
the windshield so sunlight can.ot get
through. (The rider's field of vision is above
the windshield.) He says the big wildshield
acts like the greenhouse effect. His bike has

three separate panels of the cloth. One goes

over the head and shouldels, and just that
will keep the sun off of you. And he says lhat
it's cooler to ride with the cloth than without
it on hot sunny days. So maybe he's onto
something.
Bike Tech: Are ant malor manufacturers in

terested in taking advantage of the pioneer-
ing work that's been done on recumbents?
Martin: The manufacturers are interested.
The boom in mountain bikes was very easy
for all of the manufacturers to jump into. Be-
cause they are so similar to the conventional
diamond frame road bike, any manufacturer
could tool up in a week to build a mountain
bike. But the manufacturers are unsure how
big the market may be for recumbents and

they know less whose recumbent to copy.
So, until they know, I may have some
breathing room.
Bike Tech: You said you won't sell to bike
manufacturers; have you tried negotiating a
joint venture or licensing agreement? Is
there anything to license?
Martin: Certainly, our name. I'll tell you,
almost all of the current recumbents on the
market have features that were patented 75

or 80 years ago. The patents are all expired,
and the Patent Office considers none of the
recumbents patentable, even though they
might combine many of the features into a

different overallpackage. That doesn't mean

I

7)

Galdner Marlin, al right, helps ridcr Greg Millel l0 gel the Easy Racer I rolling. The Tour Easy

name appearing 0n the uehicle is not its name, bul an advertisement lor Martin's mass'
produced recum[ent bike. (All photos accompanying lhis inle iew were taken at the 

.l(lth

lntemtionbl HPv Speed Ciampionships, §eptember 1984.)

ntf\lJltJ\-n:
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Two views ol rider Fred Ma ham in lhe
Easy Racer ll: in hot pursuit 0l Lightnino X-2,
and moments altel setting a new world
rccord in lhe one Hour Time Trial.

that somebody couldn't invent something
that is patentable. But so far the ones that
work best have been tinlered with for the
past 100 years. Until just five years ago no-
body really built a recumbent to sell that had
the bugs wo*ed out ofit well enough to be a

viable alternative.
Bike Tech: Do safety and comfort concern a

much greater segment ol the population than
most cyclists realize?
Martin: Yes. I really believe so. Our first
100 buyers reccived questionnaires in which
we asked them, "Which is most important
to you? Comfort, safety, or speed?" and I
was surprised that most of our buyers
bought the bikes for comfort and safety,

Knowing you can put your feet down on
the ground at a moment's notice makes the
bike, perhaps, more user'friendly to some
folks than conventional bicycles are. It takes
a little bit of learning, but in five minutes in a
flat parking lot, anybody can learn to ride a

recumbent. They'll be smiling and saying,
"Wow, lhis is neat: Now there are a few
people that it's not going to be better for.
The trained racer that knows how to get the
maximum out of his bike in both braking and
performance - well, our bike is maybe not
his cup of tea.
Bike Tech: Do you feel your bike is more
stable in high-speed situations, like descend-
ing hills, than a conventional bike?
Martin: There is certainly less tendency
with the long wheelbase recumbent to be as
upset by bumps into a speed wobble, or to
be knocked off the course. The ultimate limit
of whether you skid off the road or not is
probably going to be as close with a good re-
cumbent bicycle as with a good upright bicy-
cle.
Bike Tech: One of our more accomplished
test ride^, who has bee! commuting on the
Tour Easy for more than three months,
claims that although he "loves" it and he's
now used to the handling differences be-
tween your recumbent and an upright bike,
he finds a certain quickness in the Tour
Easy's steering that requires more concen-
tration for straight line riding. Don't you

The "street le0al" version: this is
lhe slandard production model
Tour Easy, shown here wilh the
small Zipper lairing snapped lo
lhe handlebar§. The owner has
added his own lairings on the
wheels and rear lendel.

The two Easy veiicles: I (back-
qround) and ll (loreground). The
chanOes in desi0n lrom I to ll are
signilicant: shorler wheelhase,
mole compact body, largel wind-
shield lor visibility, and greater
ground clearance.

BIKE TECH
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HPV SPECIAL SECTION

Another
Record Year
Robert G. Flower

"ll's only a matler of lime belore local tlPV
laces become as common as IJSCF-sanc-
tioned bike races." Thal was one of lhe pre-

vailing opinions among HPV enthusiasls al
lhe 1984 lnlernational Human Powered Ve-
hicle (IHPVA) Speed Championships, held in
lndianapolis this past Seplember. ll might
be a lew years hefore lhat prediclion c0mes
true, but lhere certainly is a lot 0t momen-
tum in lhal direclion. Three new world
speed records were set this year, and a
record number ol entranls (84, up lrom 62
last year) participated. There were 8 sepa-
rale speed conlests and one compelilion l0r
practical "commuler" vehicles; top linish-
ers are listed 0n page 14 0l this issue. And
thanks to the tireless ello s ol volunleers
from the IHPVA lndy Chapter, plus the
world-class racing lacililies at lndianapolis.
the lhree-day aflair ran smoothly. The event
was delinilely international: lhere were 5
Canadian entrants and 5lrom Greal Britain.
And there is a good chance lhat the 1986
HPV Speed Championships will be held al
the lnlernational Transportati0n EXPo in
Vancouver, British C0lumbia, to lhe accom-
paniment ol worldwide publicity and inter-
esl. Technical highlights 0l this year's
competition are shovirn here and on the next
few pages ol Bike Tech.

Hybrid Vigor: The Aer0'l\40ult0n shown here uses an elastic labric ("Spander") lairing laslened
by zipper t0 a clear Lexan plastic windshield. Hybrid lairings (parl-rigid, pa {lexible) are
starting to be seen as solutions to some 0l the dillicullies inherent in all-rigid designs. At 29
lbs., the Aero-lvloulton is am0n0 the lightest one-rider HPV's wilh almost lull fairing c0verage.

Winner 0l lhe "Commutel'Vehicle Compelition: Windcheetah, designed by Mike Burrows and
ridden by Andy PBgg, b0th 0[ l{orwich,
England. The main lrame is 2 inth by 1/8
inch steel tubing. assembled by gluing in
cast alloy luqs. The main lairing is libeF
glass, wilh a sfetch tabric top and rem0v-
able wind screen.

,clsI./
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The lourrider Fusion vehicle seen here, designed by Leisha Peterson and Kelly Londry ol Pegasus
Research, demonslrates a number 0l noyel and well.integrated design ideas. A descendent ol the lour
wheeled Pegasus vehicle that competed last year, Fusion is three.wheeled, with two lront (unpowered)
steering wheels plus one rear d ving wheel. A total 0l eiqht tires (two per der), obtained by assembling
conventional bicycle wheels in tandem, are used; thus the rear "wheel" actually has lour tires (see
ph0t0). The lrame is now a light (36 lb.) "spacelrame" slructure made ol many small diameter steel
tubes. The body shell was madG by conventional automotive liberglass techniques, and is based on a

design fom the Pininlarina Research Labs (known lor their Ferad aulomotive designs). Light labric
seats are suspended directly lrom thc lrame tubing.

Spaceframes: one of the designer's biggest challenges is lo Greate an etlicient structural lrame. Here Biotec Challenger (liS9, lwo rear wheels)
and Biotec Vision (1,1S60, one rear wheel) show lwo variations by one design team (Eric Conlad and Gil Linde) on lhe lheme ol a well-kiangulated
3-dimensional spaceframe. Both designs in-
clude a main lrame tube which passes ovel
lhe rider: on Biotec Challenqer this tube also
carries lhe steering conlrol levels. Both ve-
hicles are sleered lrom lhe rear wheels and
ale poweled from the lront.

§.,
PL;
I ii
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ToP FIIIISHERS-1lllh lnlemational Human Powered Speed Ghampionships

200 Metei Sprints Flyinq Sta (9r28l84, lndianapolis Molor Speedway)

Place Speed (mph) Vehicle {rumber) Rider DcsignerrBuilder

open Class

'1 57.39 Lightning X2 (0y9) Carlsundquist T. Brummer

2 55.M Bluebel Il (0556) Doug Adamson D. Henden/S. Mettam

3 54.94 Cole Dalton (0510) Cole Dalton C. Dalton

Paillally Faired Class

1 35.13 Econogator (PS97) Stu Krebs J. Lebsack

2 34.36 No Name (PS92) David Wilson M. Bannan

3 34.09 DeFelice (PS78) Tony Peyton B. DeFelice

llon-taired ClaEs

I 37.20 DeFeLice (NS79) Dan Griesmer B. DeFelice

2 35.50 Navigator (NS44) Jon Lebsack J. Lebsack

3 35.43 Biotec Challenger Eric Conrad E. Conrad/G. Linde

(NS09) G. Nlosser/B. Bostofl

Multiplc Bider Class

J. Gross, R. K. Londru

K. Nowakowsi, L. Peterson

H. Peterson,

D. Stanley

tull-body lairings present a classic design
dilemma: how to open the shell lor the ridel
to ente exit the vehicle. Shown here: the
"landing gear" do0rs on Lightning X-2,
which open so the rider can put down his
leet when stopping, and lhe side door on
Dust Devil with rider Tom Cochran emerg-
ing.

Cr0ss-breeding belween the BMX, ATB, and
HPV species is inevitable. Power Mills l,
shown here, sports BMX wheels, ATB gear-

ing, and is steered by leaning.

1 53.90 Fusion (0M99)

(oM40)

2 40.03 Counterpoint opus

(NM40)
3 39.U Counterpoint Opus Tom McDonald, J. !!'eaver Ken Yu

4000 mebr lndividual Pursuits (9/28/84, Maior Taylor Velodlome)

Approximate 0esigner/

Tim€ (m:s) Speed (mpt) Vshicl0 (#) Rider Euilder

3:43.79 40.09 Easy Racer (0530) Fred Markham G. Ilartin
4:01.07 37.10 Lightning X-2 (0V9) Cari Sundquist T. Brummer

4:07.52 36.15 Easy Racer (0531) Greg Nliiler G. Martin

1 36:34 Easy Racer (0530)

2 38144 Lightning X-2 (0549) Carl Sundquist T Brummer

Place

2

3

Al I Lemans Sla Road Race (9r29r84, lndianapolis Raceway Pa]l)

Place Time (m:s) Vchicle (#) Rider Designer/Buildct

1 268 Lightning X-2 (0549) Carl Sundquist T. Brumm

2 :32 Moby/tnfinity 2C (0551) Murray Wilmerding T. Hreno

3 29:03 Easy Racer (0530) Fred Markham G. Martin

34X Paced Start Road Race - 12 laps, 20 miles (9/29/84, lndianapolis Baceway PaIk)

Place Tlme (m:s) Vshicle (#) Eider Designer/Builder

Fred Markham G. Martin

3 38:59 Easy Racer (OS31)

Time (n:s) Veiicl8 (#)

13:29 Lightning X2 (0549)

13:45 Moby/lnfinity 2C (0551)

14:15 Windcheetah(0536)

Greg Miller G. Martin

Rider DesignellBuilder

CarlSundquist T.Brummer

Murray Mlmerding T. Hreno

one H0u1 Time T al - Starding Sta (9/29/84, lndianapolis Baceway Park)

Place Distaflcc (miles) Vehicle (#] Ridsr DcsignerlBuilder
.1 37.50 Easy Racer (0530) Fred Markham G. IUartin

2 35.73 Easy Racer (0531) Greg Miller G. I{artin

3 29.62 Bluebell II (0556) Doug Adamson D. H?nden/S. Mettam

8K LGmans Start R0ad Bace. Approx. 12 Miles (9/30/84, Eagle C]eek Park)

Place

1

2

3

'denoies new World Re.ord

14

Andy Pegg M- Burrows



Place

1

2

3

Place

1

2

3

4

5

6

32K Paced Start Road Bace - Appror.20 Miles (9/30/84, Eagle Creek Park)

Tlme (m:s) V€hicle (#) Rider Designer/Euilder

40:39 Easy Racer (0530) Fred Markham G. Martin
41:55 Lightnjng X-2 (0549) Carl Sundquist t Brummer

42:55 Moby/lnfinity 2C (0551) Murray Wilmerding T, Hreno

Commuter Vehicle Road Rally (9/30/84, Eaqle Creek Park)

Vchicl€ (#), Country Bidsr

Windcheetah (0536), GB Andy Pegg

Camp Carnrr r0S22,. US Stephen Delaire

Hon FoLder (NS57), US Adam Englund

Joyrider (PSu), CAN J\'lorgan Lemen

Moulton Aero (PS20), US Jim Glover

Sneaker (0595), US Dan Valatka

Designer/Bullder

M. Burrows

S. Delaire

H, Hon

D. Messenger/L. Robert

A. Moulton/D. Millikeni

P. Milliken

D. Valatka

Close quaners in this lurn highlight a tough
design problem: the need l0r better c0ntrol
ai high speeds. Designers this year geneF

ally agreed lhal "q00d handling" is almost
as impo anl as good aerodynamics in a
winning HPV. Seven vehicles in the 32K
road race crashed in this turn: contlibuting
lactors were sleering inslabilities, low
gr0und clearance. and road roughness. For-
lunately, lairings protecled lhe liders lrom
serious iniuries.

Gudner Mætin Interview

Co"ttt ual llan lage 1t

thini( the live'minute learning period is a lit-
tle brief?
Martin: Nobody can be fu]1y adapted, cer
tair y, in even five hours. To get all the nu-
ances might e1'en take sir months.
Bike Tech: Do you think it's easier for peo-
ple who have trouble with the standard up
right position or who are nol as used to that
position...?
Martin: Or have never ridden a bicycle be-
fore. An example: my wife's best friend from
college wants to get into some kind of exer-
cise. She has never ridden a bicycle, al-
though about seven years ago, my wife and I
lried lu tea.h her how to ride å regular bic!
cle. Well, she fell about three times, hard,
and gave up. A week ago, I took her out
agarn on a rerumbent, and inside of l5 min.
utes I had her riding the recumbent by her-
self.
Bike Tech: If somebody wanted to try rac-
ing on a recumbent, would they handle the
same?
Martinr Oh, yes. Our racer, Greg Miller,
from the Los Angeles area, can ide our bike
in most situations with any kind of racing bi
cycle.
Bike Tech: Does that long frame necessarily
mean that the bicycle is going to feel whippy
or like you're losing power when you're ped-
aling it?
Martin: Some recumbents do feel whippy.
Ours is very well triangulated and has no
whippiness whatsoever, so far as side-to-
side motion is concerned. There is some flex
in up-and-down motion because your weight
is concentmted bet$een the long wheeL-
base, and as you go over the bumps, you can
get a little springiness in the frame.

But the frame is very well braced against
any bottom bracket twisting because most of
the force on a recumbent is going in the dr-
rection of the major frame tubes. And on a
recumbent you generally sit more still than
you would on a regular bike; by not actually
shifting your weight so far from one side to
another, there'll probably be much less flex.
Bike Tech: Do you think major innovators in
the market place are somewhat penalized by
the buying public? That ifparents go to buy a

bike for littLe Johnny they want a bike that
looks just like the one they had?

Martin: Could be. It certainly could be over-
come. Look at the Marx BiSwheel, lhe fir'l
successful recumbent sold to the masses.
r Ir r ha' saved probably mrlhons of dollar. rn

dental bills Ior parents all over the country.
The Marx BigWheel might be the most suc-
cessful children's toy in the past 20 years.
It s murh "afer for kids in mosr respects.
Bike Tech: Do you think that the general en
thusiasm of the public for genuine improve-
ment would carry the day?
Martin: Oh, lihink ir would. lthink lhc sen-
ou5,'yl.Lct market ic perhapc lhe mosl re:ic.
tant to change in that direction. They have
so much ego as well as money invested in
whar they ha!e per.eived as the bcsr possi-
ble bicycle they could get.

But I would say perhaps as much as 50
percent of our buyers are not serious cy
.lists. They may be seriuu. engineer.. '*ri-
ous about thei exercise, but they're not
serious about the brand name of their derail-
leur. They just want it to function. 'l'his is the
kind ofthing that recumbent bicycles and the
lluman Powered Vehicle Association are
stimulating more than any other thing has
stimulated bicycling in the past 100 years. So
we are going to see a revolution in bicycling
and human powered developments. It's
showing some delinite progress toward find-
ing out if there are alternate ways to pedal.
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newsline
THE PRACTICAL VEHICLE AND COMPONEI{I COMPETITION, sponsored by -Bi-
clcling Magazi^e and the lnternational Human Powered Vehicle Association, has already re-
ceived over 100 inquiries. The purpose of this competition is to encourage development of more
practicai human powered vehicles for use on eisting streets and roadways, WNe speed can
sometimes be an important design element, there are countless practical features that, if incor-
porated into HPVs, could make them much more usefirl for various purposes besides racing.

There ar.e actually two separate competitions: The Practical Vehicle Competition and the prac-
tical Component Competition. The Practical Vehicle should be better than a conventional bicvcle
by providing better protection, superior lighting, greater cargo capacity, and easy maintenance.
Judges will be looking for designs that have high pedaling efficiency and are safe on existing roads
in automobile traffic. The Practical Component designs could include improved brales, signaling
systems, weather ponchos, energy storage devices, or any other design that is a pmctical im-
provement over existing components.

Desi$s will be judged at the 11th International Human Powered Speed Championships on
September 26-29, 1985. Winners for overall vehicle and better component design will receive
$5,000 and $2,500 respectively. Information packets for entnnts are now being prepared. For
entry inlormation, wite to Bicycling Magazine, PVC Competition, 33 E. Minor Street, Em-
maus, PA 18049. Participants do not have to be a citizen of the United States.

REFTDCTORS ARE NOT ENOUGH, SAYS NHTSA
The National Highway Trafic Safety Administration (NHTSA) has publjshed its long-awaited

study of the ability of overtakinS motorists to detect bicyclists at night. The final report con-
cludes that it is essential for bicyclists to use an "active source" of light in addition to the Legally-
required standard CPSC reflectors, and suggests that "those who ride regularly at night,, should
use "one of the available high intensity lighting systems."

The study included field tests of how easily an overtaking motorist could detect and recognize
various commercially-available lights and reflector devices; here is a partial summary of results:

Device
Detection
Distance

Becognition
Distance

Highway barricade (7 inch dia. flashing amber
light on a 3 ft by 3 ft barricade with
amber/white diagonål reflective stripes)

Bike w/standard reflectors plus fanny bumper
on rider

Bike w/standard rellectorc

Stationary strobe light (Honeywell
"Strobolight," 3 inch by 2 inch white tens)

Flasl ight carried by pedestrian

Belt Beacon on static bicycle (no rider)

1119 feet 617 feet

Bike w/ standard reilectors plus leg light on 1303 481
rider

957

u4
1201

469

439

396

1379 316

1341 U
Or y the highway barricade had a recoglition distance greater than 550 feet, the distance rrhich
the Institute of Traffc Engineers specifies as the stopping distance for a car traveling 55 mph.

On the question of whethe! reflectors provide a safe level of conspicuity, the NHTSA study
made this comment: ' 'Significant doubt must still exist concerning the efficacy of the basic reflec-
tors as required by the CPSC and used on all bicycles in this study. The most complete accident
investigation of bicycle/motor-vehicle accidents in the literature (Cross and Fisher, 1977) indi-
cates that most bicyclists struck at night had their required rear reflectors in place. Hence,
something in the driver/bicyclist system is likely negating the inherent conspicuity of these re-
flectors as measured in this expeiment. Driver intoxication, particularly at night, is certainly a
major factorjn nullifying the standard reflectoG, but other influences, such as the possible con-
fusing meaning of the single, bright, red rear reflector, must also be considered." The report
also commented that active light sources performed signjficantly better in the tests than "pas-
sive" reflector devices, and noted that motorists are becoming familjar with the distinctive "sig
nature" of the cyclic up and down motion of pedal reflectorc used with a leg lamp.

The work was performed as part ofa three-year study on bicycle conspicuity, and was funded
by NHTSA for $250,000. Copies of the report, titled Canslicuitr t'or Pedestria s and Biclclists:
Defihition of the Problem, Deuelopmefit an(l Test of Cou tenneasules (Report No. DOT-HS-806-
563, April 1984), by R.D. Blomberg, A. Hale, and D.F. Preusser (Dur ap and Associates East,
Nonvatk, CT) may be purchased through the National Technical Information Service (NTIS),
Port RoyalRoad, Springlield, VA 22161. Also available from NTIS is a companion report, Rzrirr.,
of the Literatur. and Programs for Pedestian and BicycList Conslicltit! (Report No. DOT-HS-
806-564, April 1984), which provides an annotated bibliography and a summary ofbicycle conspi
cuity programs in various states and foreign countries.
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