WHEEL
LEAD
FORMULA

by Peter Smith

Hexe's o fow noles on ths formula
useto determine the cornect amount of
whea! Jead when installing any bike to
anysidesar. This appliesto convention-
al set ups, ie. tekescopic forks, non
steryable sidecar wheel and nos.ars
ticolsting connections,
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The following points ate covered in
dutail, in hopes of trying to show the
uffcuts of vatigtions and how they ave
interconuected to combine handling
situations approaching “xs good as its
going 1o ger.* '
X Trail intersection point. 2, Rolling
radius, 3. Differential dse, 4, Contack Point 5. Resultant
steering are. 6, Lincal offsets 7. Lateral scrub factor 8.
LateralTougitudingl center of gravity, 9, Vertical center of
gravity, 10, Overview of all of thess valucs and effects.
Most impo when setting up a rig, after establishing
the track width, the whesl lead s the veey foundationtos base

any consect amount of toe-dn’ on, The minimm towin can.

onlybe obiained after tho.correst wheel lead is found, L have
cndeavored out this information to simplify the
many bard to understand points of importance concerning
wheal lead. T hope this will be of value Lo readers, probably
not as new information, but more of an ton of
eeasuns why 1 highly rocommend this data.
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S0 leUs start with tho first item which is trail intersection

poiat,

TRAIL INTERSECTION POINT

This point s deternined and affected by head angle, yoke
offset, wheet diameter and suspension position, The contact
point of the tircistclative to hisintetsection point snd when
the stezring is iurned the contact point moves along a Koe
known as the ralling radius, This following shows the chan-
es In rolling radius tsing different values of teall, All vicws
are driwn kooking down, with 1ef, straight and right focks,

For dlarity reasanx the sorrected contact point has boan
omilted, 1 moves fram center of the tire when tursing left
ot fight duc o the steoring head angle (if the head angle was
Y0 depraes there would be no variation). As a result of

- pusitive trail and head anglos in the 30 degres area, when

the steering is tuenod fron ceater to Jekt Jock, for example,
the sprung componcats (Frame, fork legs, engine, etc.) will
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| nuturaily fall or become closer o the ground,
‘Chis exeates 3 condition known as differential @
wisc and is shown in the aext sketeh. 2 ,
Fhisgextvicw on [Afwillshow the typical path
of the maultant steering are when used with
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The Tineal offset and resultant
sicering are are typically located
about 1/4 of the way along tha

c as shown. We adjust the
wheelbase by this amount whea
using the formula fo, ‘determing

wheel lead, -

The following sketehes flfusteates
how the Lateral Serub Factor YAl
fects and Determines” the wheet
lead. The negativs-lead sketels is
included {though™hot practical for
street use) to show howy the scrub
{actoris roversed, nctually creating
& sexvo force at Jhe steering. This
advantage is purely singalor, of
eourseydue to unacceptable sup-
port of center of gravily, tire wear
und overeltongth. Thissystem cun,
and hagbeen used to the good for
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tand specd record attempls where the above critesia canbe

adjusicd or for the most parg gnored.
8.8, rofer to the center fine
d on left and right locks lines
interseet at the contact point of

The terms ¢ S.H.
L R of the steering
drawn through thess polnts

the rear wheel. The dot on the sidecar wheel depicts the

movement of the

The Hoo (result

lateralflongitudinal center
ence further in the {oxt.

Tontact point ducing loft and right tarns,
ant steering arc) is also shown. The
of gravity is shown onlyfor refer-

SKETCH SHOWING FormulA
RESULTS.
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ResUlaNT LATERAL .
SCLUB FACTER. (O*& )

WHEN THE ABOVE FoRMULAE ARE APPLIED ToGE THER B
WITH COBRECT STRUT ANGLES, GooD RESULTS ARE

OBTAINED 1N THE ACEAS OF HANDUIN & , FRAME
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The latord and longitudingl ceater of graiity ¥ pootly

supporled in the sepativedead sitnaiim,.%pt sloering sffort
is minfmal, Thess same cenicr of gravitied are very well
supported inthe excesdverdead stualioo, buksteeringefiars
and the associafed problesss thal go :
maximums, at best, but Iypically are Vesy unacceptable in
thes areas of safisty Jovels and oporational mmfw.(){mm
is Ll constant self alipaing force af the rearwheel, tring to
maintain a mediven beaween the front and sidecar wheel
thss in itsell creating excossive tire wear, With excossive
lead the sidecar wheel becomes similar to a von slecrable
wheed Jueated al the front of e sidecar,

As can be seen, positioning the centor of gravity, then
determining wheal Jesd to support (his can be tat
to the handhg of the omﬁt.o{ “‘ng unform;ately hnv(% to
sompromise (ho ideal support of theceater of gravity, (Un-
foss we steer the sidiear wheel), Jn favoue of movs accept-
cbhwhaeilbiza&t Tbed{clgswo{iawow?cd fead far
outweigh oorclical ideal placement of the logrlat.
conter of gravity, Wo do nok ignore the ceater of gravly, On

the contrary, it s bighly presont during the desiga of (e

framae, hallast lucation, seat position, muifiary fnef anks,
trunk capacity, cic, .

We must not forget the vestical- ounter of gravity,also
during the design stuges to-ensure it be kept (0 A minimm,

The goal for the sidecar desipner fu this arca s (v achicve
the maxdmum wheel-kead foe support of variable loaglat.
senter of gravities, without cresting eveossive Scrub which
causes countersteering of the fronf whoel, If there is cxces-
shve strub un increase in the amoniat of dirsct stoer Toccs is
:ﬂeﬂnired ot the handlebar, When this situation exists the

erential sisu is consiantly
carricd on the front wheel, This i furn causes..the soering
o genoraty 4 wobble due to the positive (railed wheol being
pulled by the steering head along the rolling radios,

This may occur at slower speeds becsuse of neufficiont
gyro offoct from the front wheel, The sleering dampor
comes inlo play during this situstion wnd is kighly rccome
e e T

ool wit uervation the following for-
mulze and sketches ave presented us a guide to design the
Ideal wheeldead for nny given change in the motorcyele, it
should be noted that any in OEM, steering
grometry (Le. the alteration of yoke ead to reduce teal, the
conversion o feadimy Kk fork, ele) would Improve the
overall l}andliug. However, these formulse wreinjonded for
arigina] farks/springfwheels eic,

Fwﬁhk%wh%mmdzmmdwm
alotal linegl s,

2basic rules apply here and ane used in the exampler

1, Sidecar wheel lead 25 u porcontags of whoelbase,

Minimi... 0% Maxinym...20% '

2, Overridding fuctor ia this formula is that the Jalersl scruh
{actor should be s more than 20% of taeal offsel,

Reler to the nuxt skeich 1o sor that v have proadjusted
this % figure to alow for the angle Y®which Jessens the
attual amount of baeral srub,

Wihieel lead must bo corrocted within the...10% « %1%
vange by using the eosultant Jatecal sersb Factor.

iee. This faclar 07 0.80° cumpiites to 9" wheel lead uslng the

wiangle of Y degress,

with ity ave st their

changing, helped bysiaticlond

Using Basic Rude #1 and 4 5" wheelbase the maxmns
whtee] tead soudd be: '

Lead = 200 X Wheolbase

L=0%Xer

Low 120

Miniooum whed fead would be;

fead = 0% X Wheotbass

Lw ;‘G%Xﬁff'

L om

Using Basie Ruli #2 and x total lineal offset of 4° the.
maxizatim ateral serub factor aald be:

Y8, = Lineal Offset x20%

LS, w4 x %%

LS, =08 :

Thisvaliwe is the resublant Iateral scrub factor and as shown
in the sketch would result in a corrected wheet Jead of 9",
‘This wheet lead can bo shown as A % of wheethase,

w‘ "
L= 100{-_&{&,,.
L=100% 60
9
L= 100 4666 _ |
L = 15% which falls butween the masimum and misimun
nhaqanombk. -




Hi Roger,

| have been thinking!

Sidecar steering trail angles.

Head rake angles 22 to 26 degrees

Positive trail .5 to .75 of an inch( 10 to 15mm). Contact patch of the wheel on the road to be behind the headstock
angle line where it contacts the road.

Perhaps turning the existing fork unit backwards may give the right dimensions.

Sidecar wheel toe in = 0

Vertical lean of the bike into the sidecar = 1.0 -2.0degrees

Info and diagram on trail on www.race-uscra.com/sidecar.html.

umh this relanvel;r long 1t swiingarm,
a i fork compresse,(dotted lines), trail is
rédaced, swmgan-n length cai.be set to
produce riear constant trail thru imited) ——,
suspensmn travel:.

Cheers
Robert H
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