
BEYOND
TELESCOPIC
FORKS
Telescopic forks, utilizing 
coil springs and hydraulic 
dampers, have been a 
technological fixture (or 
40 years. Why? Where's 
something better?

RADD

By Kevin Cameron
! * Arrest without exception, modern 

high-performance motorcycles use tn«c:- 
;iCOpc forks Telescope fork develop- 
mt?*’‘. has kef/. w in  the sp:xts mo- 
torcyrif!':; spclOSGfy that nprecc' 
has won a m a p  enampenshp ©' over 
a rao©. on any other k irc  C- f'ont end for 
nearly 50 years Even so. reeJ pmblems 
reman h motorcycle f'ont end de&gn 
prettems cn>:ial to the safety and per- 
‘ ormarce of both race bk.es and street 
machines—and engineers continue to 
search for innovative solutions. Specifi­
cally. these ".ive tc do with Iftt! spaed of 
steering response and the difficulty of 
steering a machine accelerating cut </’ a 
corner.

Bef<y«: wacxarnric the alternatives to 
today1 $ standard ‘cfcsccpic fork. t*s 
helpful to knowhow engineers arrived at 
:ho system as it's used on current street 
a rc  race bkes. how 1 works, and what 
its advantages and disadvantages are.

Front erdda&gn as we know it today 
IS nothing mere than'a kind of stale 
mated compromise among the major 
variables As front suspension a^d

! steering a'e currently implemented, me 
ony ways to ge: taster response are to 
redjee front-wheel spinning mass (as in 
the shift to 16-inch wheels), to steepen 
steering geometry, and to cut whee- 
base by any moans pcsshu.

Sounds simple (Trough But mixing a 
short wroiHhasr with n powerin' engine 
makes an accelerating machine run 
wco cut of corners, moving the engine 
and rider forward counteracts ths and 
csrmts fasten acceleration. c*jt it also 
makes low-speed steering heavy. The 
only avaiaoe cure fer this heavy vow- 
speed steering is steeper steering

geometry, which is u^stabe unVess com- | 
bnec -with a very stiff chassts and ^iqh 
cuafitysjspenscn. Charge coevanabve | 
and you affect all the others.

A rroto'Cytfe's front wheel, and the 
way it attaches to the machine, has 
seme seemingly simple Put crucial tasks 
to perform. Frs: of at. something's got 
to hold :l>e front ere: up Second :tx: 
machine needs a steering mechanism. 
Trrrd the pike must bo stable—it 
mustn’t constantly threaten to get 
awviy'' every time ts r car's mnd may 
•wander

From the beginning, motorcyces to r 
rowed the bicycle's simpe steered torx. 
a system which carries th© wheels bo 
tween the ’tries' of the fork, whose 
handle pvots in steering bearngs 

above the t re. Ihe axis ol these steering 
hearings, it prelected downward, hits 
the road ahead of the point at which the 
tire touches it. Lke a furniture caster, 
theroling tre  then naturally tends to tr.Yi 
pack into ins behind the steering axr, if 
delected.

T':o important v.ir-itjlc n  this caster

KVCOJ
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effect—tra< is measured on the roao 
surface as the dstaroe between tire- 
contact pont forward to tre  projection 
of the steering axis, ’ he steerng ax>$ 
may pass t trough the axle centerline, or 
it may not. it it doesn't, the distance be­
tween the two s  caned offset For less 
intuitive reasons the steer axis is in­
clined backward at an angle called rake 
In cornering. steer-axis rake acting w th  
trail arid the weigh! :v  tf*c from rrr*. al­
to the front wheel to lot naturally to 
the steer angle that w ll make the ma 
chine hod in© To further comptcate 
matters, the exact profile and defection 
charocte-hstcsof the front tire also exert 
a powerfu influence on steenng.
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the bent wfceel. producrg extra steered 
mass that can laad to steering oscila 
liens. Consider the strictest mechanca) 
oscilator—the pendulum. Here we have 
mass (the pendulum bcb), a restoring 
force (gryvty a ways tending to make 
the pendliurn point straight w w i) ,  and 
a diving force (the clock’s escape­
ment), giving the penculjm a ittle posh 
every cycle or half eye'e. ard always in 
step with it. Oamp<ng force is also 
present—the Iriciico ot the air and ot the 
pendulum pivot live pendulum swings 
at a natural frequency, determined by its 
geometry and its restoring (rxces.

A mctorcyoc's front or e is also a me­
chanical oscilator In this case. the an­
gular inert a  of the steered assembly is 
the mass, tee caste1 of the steering 
geometry and gyro effects ot tee spin 
ting wheel provide restoring forces, and 
tec driving forces may oe impulses from 
:tx; road trom an oul-ot-rcurd cr out-cf-

Honda NR500

baance front wheel, cr vibrations n 
■rame or terk fne dampng forces are 
pro.-dsd by the tre. Like a pendulum, a 
motorcycle's front end also has a natural 
frequency. ViVil-; any force shakes it, 
the bars will wnblik: at about 8-10  Cy­
cles pe’ second II the damping is ade­
quate, n klls tee oscillation almost in­
stantly. With less camping or m cc  
driving force, a steady wobble may re 
suit. It energy enters the system faster 
than damping forces take it cut. ihe 
wobble can build up without limit -esi/t 
ing i" tiss ol Iron! lire grip ar c an even- 
tual mash

Again, a change in one variable af­
fects all the others Rake anil tral. geo- 
metrically interrelated, arc a prime exam­
ple. it you increase rake. tr?.i increases 
with it. And trail the measure of the 
easier effect—stronger nfluences sta 
billy. As you- would expect, mere Iraf 
makes ihe slewing harder 10 Petted and 
yields increased high-speed stabiity but 
heavier steering Reducing trail lessens 
;l>3 se<‘ stabifzing effects tx.it also Ight- 
ens the steering and increases respon- 
sjveness to rider nputs

There is a classic dichotomy, a 
schism, between stabiity and re-spen-

sveness Make the geometry more sta 
ble (mere rake and trait) and it better fe­
asts all deflecting influences—including 
Hie rider s elicits to slew Make it ess 
stable (css rake arid Imi) 10 obtain the 
benefits ol qnckcr response and the 
iron; end w il also respond more strongly 
to unwanted influences suen as chassis 
flexure or bumps. Steering rake is 
weight dependant, that a. a hgh rake 
ange combined with a hgh forward 
weight pas w ll make low-speed steer­
ing very heavy.

"•Vilh a steered lot*, the whet--sup­
port structure and susptsnsi on pivot with

.ii jw rr  ner
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roilar with stiction i y  'statc-frii-tinn - 
the larger force required to some­
thing Sliding than to keep it sifting On 
forks of Older design. oviri with no 
bf&kt>s apple:!, this station force can 

i easfy amount to 50pounds Under omk 
I iivg. it rises to much higher figures, 

forks are now hid* with k%v friction, 
"felon-charged bushings, and sbefion 
has been n>:ijccr: by seme &> percent 
but tetesco^xc forks are sfil stiver under 
bracing than otherwise Tris results in 
force spikes as the fork telex's its jerky 
descent that must be txxr>3 by the small 

! iron: :ire Rear suspension develop- 
1 ment. trrough use ot rdlng-contact sus- 

pensK>n bearings and sophisticated 
damper units, has taught engneers that 
•res work r ruch better when set free 
from such force spkes.

(7j Ar thair present leve* ot tfaeign 
•cteferks are denied the use o ' any kind 
of rsmg rate tnka^a. 

td) Though they could east*/ be. thus 
! ;ar. sophisticated gas* p re s s u re d

p t t o w  j  ftV&y k '\£h- y  itv 'o \w  &
iravp »i ffv tijbMt k s y#  w#

but i*** rvw\*-.?Â 7Avn <HY»r j
jVIlt-iU/ it'i* W AVu:\.-fc

dampers have not been widely applied 
to telescope forks.

(9) On the matter of significantly 
guekenng steering response there is no 
prospect of any imminent breakthrough 

Ot :tese objections to the telefork, 
only the last »s reaty serous. Items 
1.2.6 /  and 8 need work but have rot 
been cupping disadvantages. Others 
problems, such as 3. 4 and 5. have 
proven to be more theoretical than real.

The telescope fork, didn't become a 
standard future cn production motorcy­
cles until after World War I The earliest 
forks came literal*/ straight uff bi::*/cles 
When speeds required some bump pro-1 
teebon, engineers added short bottom ! 
Inks. Purists complained about every 
kindof suspension. .indwrthreason: it s 
hard U>beatrigid fork for steering pr«-

ci



cteton. arid ihe new suspension sys 
were at pretty bad.

Through '.iyjt 920s a ix j '3!>; n-.gi 
cxpmmentcd wib* many types o ' 
nu$pCT-rjOn( hut :tx? recjjire
mortis defied a successfti solution. As 
speeds rose and brake forces in 
creased, vehicles needed more have’ 
but increasing suspe^son tra 
magnified other inadequacies.

The short bottom »n

design. the wtee' was bdtec between 
the prongs ot a lu r ir^  f :>-k-tke slruc-
tu'O. wlv.>se *’handle" i'i turn attached In I >*j*ELF < fX̂ ’ iWiV vJtfi Tm) /> i\S\t s*?\i
Ihe frxk cfOwriS '.trough tw0 vertically ' 
paired Ink sets The; whole grdcr rose ,

toaly in&de the -whoei tub. raked back |H* i*>% A.v.f̂ Xfc ..<* a*v dO/>."W>3 1ZrCS&t J
at only 14 Agrees This tiny rake 'was 1

and fell with the wheet as it moved over 
bumps with the links cefming the since no "fork offset" cculd be provided By tha later 1930s and early *40s, il>e
wheels P?*th tv: rig>3*y- and there ir*o e  f t^m^l t,\h*va| hub qircder terk. with its heavily stressed inks
fore slatolity—of this desgn depended Hut-center steering has the ad van- and short travel, could no onger cope;
cn the stiffness of the girder and its tcor tage or elminatng much steered mass. with the speed and power'd brakra of
inks, and on the tightness ot the eight 
m< boanngs With a girefcr tor<. roahte i

pus the weight and bulk of the tail steer­
ing head structure. T 'e  Ner-A Car

racing motorcycles. Lir k  b r e a k s  bo 
carre routine, and heavier parts did" t

nance was the key to acceptable pe<fc»'- proved remark aby stable almost cry- | help. The telescopic fork—srrpto. ro-
mance.

Some alternatives to the bicycle-type
tainy because its low steered mar;?; 
could*:'! Stcn? i.-rauc^i w:>:>:>«! energy

bust, and ab’e to accommodate longer 
•.ravel—offered solution men* 1935

pivoted fork worked extremes w e t. onward BMW adapting <fc/efcprrents
chief among them hub-center steering, from air era h related work. pcneerec
used cu the Ner-A-Car scooti** ns'.ead have been, hstor c  momentum lay with fu»d damped telescopic forks on its pro-
Ol the ri.-r c te  bicycle steemg pivot. to the steered fore the pubic had already duction and raeng motc<cvcie3. Ihe
::.jt«d above w»v.:<: it thr* end of f«edor tro  way amo*orcyce ought to new teles &W bent blrxfed arid suffered
king fixk the Nor-A-Car s pivot was ac* '! lock.' ‘ and that was that. distortion from single-sided drum



brakes, but their cntcs couW promos* 
rc th n g  better

•n the early post-war period, as brake 
performance improved and powerful 
machines ike the taian rruiiis <yew 
mere and more unstable at speed. brake 
dive nduced trail loss caused increas­
ing concern. Manufacturers with these 
special problems turned to the tracing 
ink lork. whose brake torque ca" be re 
acted into \\v.i Iriks to counter or elimi* 
'•ate brake dive This eng inee r 
reasoned, would elrnnate trail loss and 
irprove stability. Leading-Ink forks also 
dimriatcd siding fricbon and permitted 
w :  of newly available co ' over type tu- 
buter dan-pers ns:ead ot r e  more primi­
tive and hard to sen-ce interna damp­
ers o ' teietcrks

On the othe' hand, link forks need :> v  
ots. and the only sokitton that offered 
'easonabte r>9city was the use c'* pre 
loaded pars cf tapered roller hearings 
That, and the d ific iity  of making 3 ink 
fork structurally ngid. meant a lot or 
steered mass with its potential osclia 
tion problems. Veto Guz?i won numer­
ous world rood racing tttes on leading 
links n  the f950s. but as bre grip im- 
proved, the poor lateral -bending resis­
tance of tearing inks became a O'cb- 
Icm. in the meantime, builders like 
Norton and Matchless. beng less bur­
dened by t” e problems of engine power, 
continued with the tele.

The mainstream builders stil voted for 
the telescopic fork, which rewarded i 
them with adequate performance. Foies j 
cn the production ofces of the 19603 ‘

were certain*/ .no more than adequate, 
de igned for instant rrarufacturc. mace 
to indifferent tolerances. often equpped 
with laughable darning. They were as 
weak as the frames that earned them. 
d»sc brakes cn street designs of 1966- 
72 could provoke a 'rghtenng nop. n

ama conspired to create the d e ra i— I 
anddar qercus result 

After years o l work. i  s  now accepted ! 
tnat a heavy or fast machine needs a ; 
teietork w«th large-diameter stanchions : 
of *10 m< i imeters or more. Fork travel 
should be kept to a minimum because

COfiVStCTA« 1‘Cfl <5 iVrS'J
which the fork slammed forward and I y.K&ntJ. C-*;Vi
back at tow frequency and the motorcy ■'*#*»•*}<&* '•*>* <•*—• •* ?n
cfe bounded alternately between -rent 
ami rear tiros. Peer damper perform 
ance inadequate tube st ffness. ande>: 
ccssivo frame flex n the steenrg read |



the Ionrjcr lt-<: lock the more suscepttie 
: lo heeding a-id twilling
forces Gcnmol opinion ho Us that 5.5 
notes Tra-.’ol is about right for street 

. okes, with road racing machines han­
dling opt Tiattv with loss Excessive 

| travel means exaggerated attitude 
changes under braking. and reduced 
atabilty A. Iron; end t^at wallows makes 
it raid to insert the machine cn-ime nto a 
turn fo r road racing machines stiller 
susnitrisiirr and ili-.-npy.ir settings Oiler 
the od  virtue Ol live rigid lru.-rv; steering 
precision

A arga damete' front axle heps re­
sist twet as dees a stiff ove* the tre 

| terk brace Fork crowns mast be both 
] heavy and deep, with preferably two 
; pinch bolts at each engagement. For ex­

tra grip, lire tubes in racing designs a*e 
oltt.-i knurled wl*ere they pass through 
trim crowns Also, size lor-si/e, rcJktr 

j head bearings give -0  percent r.mic. u-

| ing the lc<k bui reduced st tineas in the 
I head area ixu-promises me po-torm- 

ance ot the btxil leeks 
Tl>a stiller the fork 11Axis are, and the 

less mey bend under braking, ihr: tighter 
j  their intor-ai oeararce can bo -without 

danger of b n d rg  Even vwth at that s 
known attout the' teteterk today sema 
recent production super sperts ds&gns 

I arrive with such stopoy fork teteranees 
i that the bushings must be hand 

slimmed to eliminate ratting and Park 
nrj Cn the otr-rrr hand, some makers are 
now so confident of Iheir telelorks rigid- 

j tty they put alt the dompng ir- one leg. tx 
relegate b u rp  and rebound damping 
functions to separate terk legs 

The tamcu3 Ceran terk that carried 
so many road racers cf too tDGOs. arc 
so many dirt-trackers of the i9'/0e. had 
only 35mm lubes, but street bkeso l to 
day often have lubes measuring 40 or 
more n-ilimolers At constant wall thick -

I neers can go astray. Cne year at Day- | 
tona, Gary N&con had everyene lumblng 

i fo- ther side tides wnen he returned , 
from o-aciice with a set of experimental 
tubes bent back against the engine by 
l«s hard braking. Steel has Is Irritations. : 
which sw tiya l least twoGP teams have i 
tested or raced ‘ orks fabricated from a 
oorposneoi carbon fber.

A ditferent approach to tork stitfnese 
i t3 to turn the whole device upside-down 

as Moto Guzzi did years ago and Simons 
dues today. A Sali-g Stub's mast lapi.-s 
becoming thickest at dock level where 
the bonding couple is the greatest 
Should not a fork, with Ms greatest stress 
coming lost where the stanebens enter 
the lower fork crown, be designed in the 
same fashon? The upsidedown to-k. 
places the larger diameter female mem- 

| be- at the top, where the greatest stir 
ness is re tire e , and the wheel attaches 
to the steel stanchions. r or a given

v i bearings The temptation

BEYOND
s. tube stiffness rises as the fourth 

framo whio strengthen- I power of 0  0  (outside dametet), and at 
I constant weght, stiffness rises as the 

square of diameter, so the temptation

weight, sixth a fork is si Her than a non- 
volitional Ink;. txit oorrphiuitkxis arse in 
attaching fenders ang tyake calipers 

Because certain designers (most re
to design very large 0.0. thnwal tubes [ oantly Yamana and & m ota i1

:o l addng ightness, engi- least a theoretical interest in teerork trail



toss d ig  to brako induced p  ich they've 
tried m om tng the fork egs at a greater 
angle than the steering axis Tr<s system 
alowr. the wheel to T O e  b3Ck wards as 
the suspension compresses. preserving 

! the tra< and maintaining stabJity, to t  it 
a'so increases the fork's p rod ive  
tendency

At the moment, refinements have 
done much to address traditional criti­
cisms of tefeforks Racing and svipm- 
sports bikes alfce roe cn hghfy devel­
oped lelelorxs and they work Trail loss 
and reduced stability under braking are 
no longer problems, the ICO percent 
weight transfer trat occurs dLring hard 

I treking makes reduced trail act as more 
than enough, and stabiity b; provided by 
rigid chassis and good suspension 
Yamaha’s ro ta te  GR road-racing suc­
cess campaigning a machine without 
anti-dive hardware calls nto question 
the soundness of the whole ide3

Stii. engineers are nervous What if 
seme new concept proves better than 
•ha too? Those fork designs which sub 
Stitute smooth rotation fee the Spikey 
stiction o* the too all share the benefit of 
enhanced brake performance. Some al­

ternative front ends also lay clam to 
weight reduction and increased stiff­
ness. Let's review some of fhc loading 
alternatives to the telescopic fork

DiFazio H ub-S teerer
This descendant of the Nor A Car and 

tre  cJd TT Walis design lias been buit 
in marry forms snee 1965 by Jack and 
Richard OiFazioof Frcmc. Fngland. One 
test example surmised and pleased no 
less a rider than 20-year veteran road* 
racer Mick Grant.

In this setLpa swng a m  projects for­
ward from in front of the engine, a rc  at 
the center d  its a*Je is a stubby, five 
rich tongph raked back a: some smal 
angle and provided -at top and bottem 
with steerng bearings A -.'tori pfece of 
aoo'oximatety five-inch ID (ir*. de diam­
eter) tubing tits ovor those bearings 
such that ther axis spans a diameter of 
tty; tubing. This tube can now pr.*ot to 
rigrt or <?t! a few degrees to proves 
stocking lock imitec by interference be 
two on the axle ;v<: tl>e open e rosot :rg 
tube Tr-o ends of this short tube camy 
argedameter bail hearings cn which 
ihe wheel itself ndes

rtf3*i'jcFtofctyiw?' •••
H4}\> »-«\r aw-.
v.i'ty.viv.u'.^ .«v,-

w r / h f
IftC'Y JWYV 
. V .vY*r*\%’.»*.*»vrm

ASLWFfY Tj

Thscfesign offers a potentialy strong I 
structure. te c 3use toads pass threogr 
symmetrical paths (the iwo-benm swing 1 
arm) stra ght rearward at engno level to- | 
ward ihe rear arm pivot, rather than mak- 
nrj tty; roundabout tnp up a 'ong fork to > 
a conventional steerng head, then back 
down through a frame to  the rear pivot 
Tho need to carry tr-o front wheel cn ui 
tra thn section, large I D. ball bearings 
b rngs  the usual tncky problem o f setting 
up such beanngs. whose life i$ fruited 
even a: relatively ow rpm The lack of 
space insxte the *ub  makes it impossi 
Wn to provide much steer axes offset, sc 
the choices o f rake and trai are Im ted  
K ingpn angle is ccntrofed Dy fever arms 
nsmg from either end of the front axle.

I veoca iy  up to a link that projects tor- I 
wa'd from the chassis, above the tre . 
This arrangement can ba made to give 
constant trail under braking Steering is 
through Inkage.

B/m ota Tcsi H ub-S teerer
Better-known tha* the DFazio ays ; 

tem. but of similar type, the Bmota Tes«
| uses hydraufc rather than mechanical 

Steenng Both these scptips art.- stress- 
symmetrical; that is. domical bod paths i 
are provided cn each side of the central 
pane

ELF H ub-S teerer
Honda has taken some interest n the 

I El F pro jects, and Suzuki’s Falco 
Rustyco design study shares Ihe ELF'S
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fj«y:nr;il concept Here' s how t works: 
The ELF-typy hub-Stfegrer uses a pai* o! 
forward-projecting, singl&'sided arms, 
one above the other. The forward cods 
of those ore bat -jointed to carry ;i r.tecr- 
mg upright, from :ho *>dc of which 
projects tho front-whed spnrile The 
frort whed is deeply dist>vd to allow the 
two baltjomtstotie n  tho whod's centra 
p4ane A In© drawn through the two 
;oints detnos the stoor ax>s. w'hich, ow- 
ng to tno dshod -wheel, can bo offoe: to 
the rear of tho axis as n :do desgne.

ot the dished irort wheel, a rc  ike the 
ELF-type, this deeign permits a fiil range 
of offsets, rakes, and irate.

The RACO design steers directfy 
through .ifiversa joints arid a spirited. 
Slking shah. while the Foae uses Ink- 
age. The long upright enables twisting 
iPads to be carried at lower sirens than 
on tty; ELF. The :>:x!n r;r <:<*d spindle of 
both FI F and Foalc-RAD.O designs 
lends itself tn quick tire-changing, but 
tho asymmetrical arms may impose 
s:oGf effects 'when they qe*ect u^der

H o$sack /F io r Des/gn
A loss radical a-d ikely more work 

aoe corcept {independently concaved 
by Norman Hossack. London, England, 
arc Claude For. Nogaro. Franco} thrs 
system is a g rd &  fork whose suspon 
Sion inks are not steerec Instead tho 
'our tiny Inks of the o c grder forkme'ge 
into two forward projecting. horizontally 
pivoted A-arms, attached to the front or 
the chaBSie at ccnventkyia steering- 
head level. Each arm carries a ball joint 
at its forward end. and the two bat jofrrts 
carr y the girder, serving as both. susper. 
sion pivots arc  steering bearings. A line 
drawn through the bal jonts deines 
steer axis These designs are stress- 
synrnetrical. a tvs the tut range ot rakes 
trails, and offsets rsavaiable. Steering ̂  
by linkage.

The positioning Of tlx; two A-arms n 
the • *05$ack:Ror requires a corivnn- 
ti^na sfryjrng hcad tw e r  above the en­
g ir t .  to t  the rxoad base of the two A- 
arms means tho stross fed through:hem 
and nto  tho chassis «s much ess con 
centrated than m tho case of lelefork 
ho3d bganogs. 8oth o f these develop 
rrents have enaWed use of stoop head 
angles like those of ma,or team GP 
t«kes. indicating good nheront stability.

Kenny Robert's, cuncus about the 
Sc*' system bike tha: appeared in prac

alkywng ..tu: of conventional rakes and Despite co ring  close to winring n 
endurarce, the ELF machines have

what it was interefed to accomptsh.
t-afs Variations in length and angle cf "Eliminate chatter " he was told. Front-
tne two arms a y  p rw de  coi sta-'. trail been frustrating mfej-fiett at best in GP end chatter is a resonant Pcunciro ot

ELF machines have laryn trails and so 
steer heaviy Why? Trn traditiorvil rea­
son for using a lot of trail is to mask inad­
equacies elsewhere Tho ELF dosgns 
have evidenced a number of problems, 
such as wnoel nop. ball join* oreakage. 
and poTorsng A'-o because almost ev­
erything co these machines is so rad cal. 
teething problems have been esoecaty 
severe For examtfe. by insist ng that 
the engine function as cart of tne frame 
the ELFs mpose engne vibratory stress 
cn every pari. Furthermore w th the sen 
sitive steered wheel supported from one 
Side by cantilever arms rgldity & ditfi- 
cult to adteve and may explain the need 
f<x lii-ijn 'm i . Also, the many necessary 
bearing bas£$ 000tribute weigh!, and 
provide ii*i incentive to skimp elsewhere.

success. ELF will next try a compromise 
design in which the epper cod o l an ex­
tended steering upright slides through <i 
guide built into tho frame—much Ike a 
McFtic/scn st'ut auto suspension T-iis 
•vil increase rigidity. but must also re­
introduce si

Foalo/RAOD S cm i-H ub-S tcorer
Indoponccntiy conceded by Tony 

Foa* 3. Tonbridge. England, and James 
Parker. Santa Fe. New Mexico, tne 
Foa € PADD uses tne ower. single 
sided arm of the ELF*type, ccnrectmg 
to the lower end ot a sleenng upright, 
but the upper e^d ot the tpogn: reaches 
up above the tre  to beccme bat .ointed 
toa centra torwardp-ojeemg LpperA 
arm The steer axis still les h the plane

sociated vAlh tront-eod bind, damper 
cavitation, or inadequate stee-ir>g-J>i;&d 
support. Y\ its werst term, chatter makes 

1 it i-npx^sikXn to hold Int?. and tlxi rna- 
r-hirxi runs wide. KR up an observ­
er 5 JX>5»tion r>;:t :>'i the;Course tOSCC for 
hrrsclf. I ater "o. rornarkcif, “ Yup. ycu 
gnt r«'i nf t-io ctvittcr, and now you've 
got hop.”

Hep describes I Sownr-frcqucncy.
1 h^hor-amplitudc movcnxsnt tr*,m chat­

ter. and hop is ccmn-on n unconvon- 
I ticna front o-ds Chatter may be associ 

ated With the mass'C-prirg s-/^tem o" 
tro-: whed'front t/e  The kywer fre­
quency of hop is a mest certainty the re 
3uft of q'oss structural flex as it was on 
early dtec-braked machines vMth their 

I aplndty fork tubes At makers ot novel



front cay± ; make great cairns loc still­
ness. but tr<5 Ikdy lac! is that the “ hop­
pers have components « sewhere 
which are tco tght and therefore prone 
to flexing ELF attacked the pro#cm by 
attaching the damiper drectly above the 
steering upright, but the rep  rertairv3.

Lead ing  a n d  Trading 
L ink D esigns

Alternatives exist r i mere conven­
tional pivoted forks, such as the Sharp 
and FbaW; k:ading-tink de igns and the 
Offonstadt trailing Ink The Rio fi>rk, of 
special interest n  'notoc'oss. uses a 
complex knee action and combines 
both leading and traling lirks to achieve 
extreme travel /without wneeibase 
change or trail redaction, fcither excess 
steered mass or rigrfty prebtems attend 
'.fese locks, all of wftich also requre 
steering-hf;od towers

Ready O dd S tu ff
Thought provoking if not pract>“ ai for 

motorcycles is the Mantzel wheel, 
w tose suspension movement is pro 
v>ded by allowing the rm  to move with 
respect the hub. bat only in the same 
pane.

Members ot the press were recently 
treated to roes n a specal Corvette 
whose l.oUis-dei-qnw: suspension op­
erates without springs or daripn-. ri- 
stead nyrfratfic rams, powerod from an 
engine -dnven pump, contrp wheel pea 
ten. lr.stri>:!>:os as to tow  and when 
the wheels are to move onginate with a 
computer. actmg on iVormatcn gath 
e^ed frem accelerometers at each cor­
ner of the car. W ien an accelerometer 
detects a dsturtoanoe. the computer 
acts tu i !'. or drop  the appropriate :i'e or 
t i: s;.c:h .» wviy as to cancel it Thfc 
system is said to tic  miraculously ix n -  
fonabkj. siaoe. and free from such an 
noyances as red and p ich  Such an 
achievement suggests the feasbiity of 
a motorcycle front end in which the front 
axle s pos-ticn and orientation in space 
would be determined ih a eimfar man* 
ner. Tt*«e desired steering or suspension 
behavior could be programmed into 
such a contraption, but it wotAd be nei­
ther ight r:cir cheap

It 5 wet to remember. however. that 
motorcycles have passed through sev­
eral stages of becoming ever more pow 
edu fast and compV3x. only to be re 
peatedly slashed back to bare 
essentials by the requirements o- a tluc- 
tuatng world economy. Any 'eptace- 
rnent for the telefork—simple, light and 
relatively iflexpunsive tu produce—wil 
rx:c:i a si mi.nr sirnplcity for long-term 
success

Tno Fior andHossack bikes have won 
ices, 'aces and. like the ElF. are the 
brain chidren of auto racing engneers 
Each ot the alternatives listed etminates 
s ltfng  steten. and so >s potentially use 
ful m hoping braking action The hub

steering designs have mnmal steered 
mass. AT except the pivoted torkscould 
easily use rising-rate suspension Ink 
.icon .ird  alow ijst: of tin* fall range ol 
exccfent gasprcs-v.xizod rear suspen­
sion units Most COUld CfimirvitO brake- 
ircuOBd trail CSS

Designs that use bail joints w il hev- 
itabty suiter the prvot section and wear 
troubles that have driven such ;Ointscut 
of usage in the best rear suspenses. 
Motorcycle tires a*e dsturtod by levels 
of suction tfiat a car tire can ignore, and 
motorcyce steering *smuch more sensi­
tive to loosens;*; and llexibiity ’.Iran that 
p i a car. It w il bn especially difficult to 
combine adequate stiffness and fight 
•weight n  the desgns that support the 
front ere from a single sk*3 Stress sym­
metry- -at least fer the front, steered 
wheel—seema essential tor success.

n short, no model here unities at de 
sired charactercstics in a single design. 
TTmrrios! significant fact to emerge from 
ail the do^gns tested so far is that noth­
ing offers to solve the central problems: 
Obtaining significantly bister, stable 
Steering respor^o from a rrotfxoyco. 
and making >1 steer out of comers

To steer, you first must rol the ma­
chine over cn its see. To do that, you 
countersteer the front wheel--away 
from tlx: desred turn. The resulting side 
ways fon t wheel movement acting over 
the over-arm of the wheels/.;, slowly 
countersigns the rear wheel as wci. so 
that both front and rear -wheels steer 
‘out from unde*' ’ the machine around 

the turn, i  nis sideways movement at the 
tront again acts slowly over trie pon 
derous :ever-arm of the wheelbase to 
steer the rea' wheel as well. 'h»s ex. 
pains the present preoccupation w th  ui 
tra-short wheeroases. but alternative 
front ends off** no more relief here than 
do telescop es—because both are 
bound by tha same steering geometries

White -t may sound stick-in-thc-mud to 
say. there's little pent n  change for its 
own sake. Realty fast steering response 
can be achieved, but ony by steering 

; the Iron! and rear wheels simuit3 
rcoL:. y. Here ishow the turning process 
w o iiii look with two-wheel steering, the 
rider countersteers to initiate the turn, 
and both wheels sirnii’.iriecusly steer, 
whppmrj o ; ‘ from under the machine to 
roil »t ever nto the turn :n this process, 
the wheelbase doesn t matter, because 
there is no detey as the front wheel tres 
to steer the rear wheel with the wheel 
base as lever-arm. Once the machine is 
rolled in. front and rear tires steer to- 
wards the turn center, and in a fraction 
of a rcvokitxxi develop cxxnering forces 
simiitoncously at both ends of the rna- 
Chine At this point, the rear wheel ;-.s- 
sumers a straght-ar-ead dirix;txxi, nr-xj 
Sloering corrections are ma<kj by front 
wheel alone. There s no delay in devel­
oping the force at the rear because we 
don't have to ’wait ter the steered front

tire to drag the front of the chass-* 
around to establish a steer angle and 
comermg face  at tre  rear.

Making such an idea work wcud be a 
nightmare, bat conceptually t otters bg 
gains in spend of steorir>g response, ard 
separates handling variables from 
wheetoase so that off-fun whodir^; can 
be eimirated e^d turned n to  accelera­
tion.

Racing and spots rretixcyc-'e desgn 
remains stuck cn the issues of how to 
get the machne turnng in mnimum 
time, a ro  fyyw to make it steer out ol 
corners Alternative tront erds do not 
addre:;*; tfies^ issues any more than 
to&esco&xcs <Jp—because both are sim­
ply ways of dong tt-xi ‘ .ame job, using 
the same geometric concepts mven it 
the actual parts are different Trai" lo$s 
was the issue in 1560. but wc have since 
found other ways to get stability. Stab* 
ity used to be the issue back in 1560. tu t 
better chassis have fixed that Hear tires 
were b>g -ssue trcrn 19/5-63, bat 
thanks to rack4, construction that prob­
lem too has become manageable. 
'A'e^nr w il always tx: on issue no matter 
tow  vehicles are buit

'/•‘nat major prob'em do alter* at.vx: 
front ends soi.*e or 6*.en address^ So 
far they cfcn't stesr better than teles. 
Their supple compliance offers aevan 
tssgen: r  braking and justifies ocotnued 
wvxk Sonin rr-;iy offer weight advan 
tfvgcs. but so f;v only at a sacrifice of 
r ig tfty  or stability

So why the big fuss about alternative 
front ends at of a sudden0 VAyt, market­
ing technology C3n bo a b>g problem if 
>*ou run cut of technology Pboplc who 
saw rising-rate linkages and anti diva 
Oevices on GP bike3 thought they were 
trick, and when they appeared in the 
showroom, they snatched them up 
Never rnnd that most of the rate rise has 
been designed rx.it of the latest racers 
and nevef mnd that try; Wald Chamipc- 
on’s 600 GP rids uses no anh-drvr;

Ant- drve and nsmg rate arestreetbike 
features now. rising rate fnds its best 
application in carrying passengers with 
out bottoming, and street chassis may 
stil need anti-dive as protection aganst 
trail loss, even i1 racers 6o not. If an alter­
native to the telescope fork can be 
mark; to work almost as wel as the older 
d e s ^ -  ‘t might help siHI a few bikes. But 
if you see a fcrkless machne in ti c  
showreem any trre  scon, it will he for 
this reasco acne

In the longer term, development may 
suppress the drawbacks c f cu^ent al 
ttxnatrves to the pent that the compli­
ance advantage ot alternative desgns 
will stand as reason enough for taking 
over the front-end job. There wil be no 
front-end rc/olufkxi—jir;t a new k:ok at 
the same old concepts. The mal prob­
lem of a motorcycle s front suspension, 
despite the restess vitality of the ideas 
presented hem, remains untcuc^od ■

&


