Plain-Talk Primer on Your Car's Braking System

friction

not fully understand how their car's bruking system works, and they are quick 1o
reengineer things in an attempl W0 increase performance.

So before any of us go running off o the afiermarket for our own NASCAR six-piston
calipers, F1 carbon-fiber rotors, and 50 feet of stuinless steel braided brake lines, it would be
wise 1o tuke o deeper look into braking systems. We just might find thar once we gain a funda-
mental understanding of what each of these components really does (and more importantly,
what cach does not do), we will be better prepared 1o make the right decisions when madifying
(or choosing not 1o modify ) our own rides,

What Do Braking Systems Really Do?

Guiug fast is fun, but eventually you have 1o slow down. Unfortunately, many people do

Every rucer and driving enthusiast should be forced to write this on the blackboard 108K

times: “Your brakes do not stop your car”™ (That's 9949
to go; keep writing....)

Of course, a second guestion then comes up: “What
D your brakes do™ In plain English, your brakes con-
vert the energy of motion into heat: an engineer would
sty the brakes are responsible for turming the kinetic en-
erpy of your speeding car into thermal energy. (Se the
sidebar at aght, “Speed vs. Heal,” for more details, ) Bue
in either case, your brakes are not stopping your car.

Surprised?

So what DOES stop the car? Good question. There
are many “things™ that can stop your car—and several
of them have nothing at all o do with your braking
system. We all have experienced this first-hand as we
ler aff the accelerator pedal and fell the vehicle begin
to slow—belore we ever stepped on the pedal in the
middle. In theory, any one thing that can penerme a
foree which opposes the motion of the car can and will
eventually cuuse it 1o stop.

For example. the wind pushing on the front of the
car, or gravity as the car chimbs o hill, could cavse it o
lose speed and eventually stop moving, However, there
are often times that we need o slow il 4 greater rale
than what headwinds and gravity can deliver, In these
cases, we depend upon the brakes 1o assistin the stop-
ping process.

Thie next logical question then would be, “how do the
brakes assist in stopping the car™ To answer, we need 10
Inok at cuch of the preces of the braking system pusele,

The Mighty Brake Pedal

Most (FRM readers are probably somewhad fumiar with
the brake pedul. But while most of us probably think of the

Speed vs. Heat

Just for fun, let’s have o closer look ot the equations
for the conversion of kinetic enargy (KE) into heat (Q):
KE = (/1] x {vehicle weight) x (speed of the vehiclel

@ = [rolor weight] 1 (rotor materiol constant] x (temperature risa}

Since Mr. lsaoc Newton stated thot energy can
be neither created nor destroyed, all of the KE
from the car must be completely turned inte Q.
What deas this tall us? KE (before) = @ (after).

Mow, if we assume that... |

1) the weight of the car stays constant with use;

2| the weight of the rotor remoins constant with use;

3) Newton was right;

..then the "speed of the vahicle squared” is pro-
portional (directly related) to the “temperature rise
in the brokes.” It ﬂ:ou pull out your calculater, you
can prove that if the speed at which the brokes are
used increases by 40 percent (60 mph vs, 25 mph,
for example|, the temperature rise in the brakes re-
sulting frem that stop would increose by nearly 100
percent (1.4 x 1.4).

This factar is often overlooked by rocers who add
harsepower to their cors ond con’t figure out why
their brokes don't seem to work as well whan they
"anly gainad 10 mph" on the straights. Lesson
learned: Small chonges in speed con hove o huge
impact on broke temperatures.

brake pedal only as the flar part thar makes contact with the fool, remember that un equally-impor-
tant component of the bruke pedal assembly, the outpul rod, continues out of sight. Together, these
parts compose the brake pedal assembly.

The sale function of the brake pedal assembly 15 1o harness and multiply the force exerted
by the driver's fool. It does this thanks 10 a concept known as “leverage.” We all learned the
concept of leverage on a teeter-totter—the farther you sit from the middle (the pivot), the more
weight you can lift on the other end.

In the cuse of the brake pedal assembly, the pivot is at the top of the brike pedal arm, the pad
{where we step) is on the apposite end, and the output rod is somewhere in between. In the
example illustration (see Figure | on the next page), u driver input force of 90 pounds is
multiplied by u 4:1 ratio into 360 pounds (90 1hs, x 4) of ourpur force,

Does the output rod directly stop the car? No. So several questions now come about: Would




we want (o make any changes (o the bruke
pedal, und if we did, how would this impact
the brake sysiem performance” There are sev-
eral answers. cach with their own set of pros
and cons,

Increasing the rato (up to 8: 1, for example)
would lur-
ther amplify Figure 1.
driver input
force. bt
wionlkd make
the pedal
Lor v el
through o
longer dis-
lance Lo
achieve the
wane llul])ll!. In
the given example, the
Q0-puund mput would gen-
erate 720 pounds output, but
with twice the pedal ravel.

Diecreasing the rtio (down o
3:1, for example ) would reduce the
overall size and weight of the brake
pedal assembly. but would decrease
the amount of amplitication. The 360 pounds
in the example would fall o just 270 pounds.
To generate the same 360 pound outpur, the
driver would need to press the pedal with 120
pounds of effor,

So. will changing the brake pedal make the
car stop any faster! Not by itsell. Bul one can
tune the pedal output force and pedal travel char
acteristics by making changes 1o the pedal rano,

The Master Cylinder

The next step in the hrake svstem is 1o con-
ven the amphtied
foree from the
brake pedal into
hydraulic fluid
]‘rrr\-. ure The
miasicr

Figure 2.

evhinder, consisting
of u piston in a sealed bore with
the brake padal outpur rod on the one side and
bruke flud on the other, performs ths sk,
As the pedal assembly output rod pushes
on the piston, the piston moves within the
eylinder and pushes agwinst the Duid, creat-
ing hydraulic pressure. s really that simple;
however, in order o deterrmne how much
pressure 15 generated wt the master cylinder,
we will need o dig into a few fluid calcula-
fions. Don't flip to the classificd ads just vet.
The pressure generated at the master ¢yl
inder iz equal o the amount of force from
the brake pedal outpul rod divided by the
area of the master cylinder piston, If we as-
sume. a master cylinder diameter of (0.9
mehes (with an wrew of aboul 0,64 square
inches), the calculated pressure will be 558
pounds per square inch from the 360 pounds
of pedal outpul foree from above (360 |bs.
+ .64 in,”). Whew, no more math for a
minute—jusi stare al Figure 2 for a while
So. does this pressurized hydroulic Muid

stop the car? Again, the
answer is no, but like the
bhrake pedal, making
changes to the master ¢yl
inder can impacr other
charctenstucs of the brake
systeim.

Increasing the master
cylinder piston diameter
will decrease the amount
of pressure generated in
the fluid for & given in

pur force. In the ex-

ample above, ifa 1.0-

inch master cylinder
were 1o be substi-
tuted, the out

FI!II pres-
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would

X fall o
proxi-

mately 4310
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reduction of nearly 20
pereent for a 0. 1-inch in-
crease in dismeter, Small
changes here make a big
difference.,

Decreasing the master
cylinder piston diameter
works the same principle

& =
Compliance

The first conclusion people come to when seeing
all this brake talk is "I'Ergef the smaollest brake pedal
| can find, put it in the cor, and maoke up for the
decrease in padal forca amplification with a very
small master cylinder.” Close, but in the real world
there is another factor at work that should affect
your decision: complionce. As pressure begins to
build in the braking system, the various components
in the system will flex until all clearances have been
taken up. During this time, seals, clearonce parts
and other flexible components will stretch and de-
form, affactively increasing the hydraulic velume in
the broke system.

To picture this, imagine blowing up a baolloon in-
side a pop can. The balloon will expand freely until it
comes in contact with the sides of the can. This is the
stage of compliance, and the bigger the can, the
greater the compliance. Once the bolloon hos taken
up the volume of the can completely—similar to the
brake system componants completing their flexing—
it gets much, much harder to blow more air into the
balloon. This is the stoge of pressurization.

In the braking system, compliance is highly un-
desirable becouse it requires extro hydroulic fluid
to fill this increased volume before pressure can
build. In the pop can analogy, one would want the
smallest pop con possible in order to minimize the
amount of time raquired to get past the compli-
ance stage and directly into the pressurization stage.

You could say that in this cose, non-compliance is best

in reverse, Swapping in a
(LEO-inch master evlin- M

o

der will increase pressure
ton over T psi—ihis time
1 25 percent inerease fora 0, [-inch decrease
in diameter

Giiven the relationship
hc!wn-n masier L'!I.']tl'll.ll."f
piston diameter and hy-
draulic force, it may
seem desirable 1o use the
smuallest master cylinder

possible. However,

since there

will always
b some compliunce
(see the sidebar above)
within the system, the bruking sysiem
Tas o have enough additional hydraulic fuid
on hand to fill all the exira volume caused by
the Mlexing of components during the compli
ance phase

Unfortunately, this 15 accomplished by -
creasing the dimmeter of the master oylinder
which, we just learned, reduces the pressure
generated. Therefore, one has o make sure
that the master cylinder bas a large enough
diamerer o meet the fluid volume require-
ments of the system, but s small enough 1o
generite the pressure required. { There's never
an gasy answer, i5 there?)

The Brake Tubes and Hoses

On the surface, the brake tubes and hoses
have one of the casiest jobs in the braking
system: transporting the pressurized brake
fluid away from the master cylinder to the

four corners of the car. It would be ideal 1o
use the most rigid matenial possible w mn-
mize the complignee in the system. How
gver, since the braking components al the
wheels (calipers. puds, and rotors) are usu
ally free 1o move around with the wheels
and tires, a flexible portion is required—and
Mex equals compliance

Traditionally, auto manufacurers have used
rigid wteel wbing o get the Mud almost all
the way there, and o short length of rubber-
coated nvlon mbing o make the connection
to the moving stufl, but even this short sec
tion of flexible tubing can cause significant
compliance in a racing apphication.

For this reason, we racers prefer 1o re
place the rubber hose with a nylon tube cov-
ercd by stainless steel brawding. Most people
nolice the reduction in brake pedal travel
due 10 rthe reduced compliance immediately,
Pt it usually depends on how old and com-
pliant the old rubber-coated hoses were al
the rime of replacement

Although those cool-looking stainless steel
brake lines alone will not make vour car siop
any faster, the decrease in comphance and
improvement m pedal feel can moke o driver
much more confident. They will probahly pro-
vide some increased level of resistance (o
dumage from flying debris as well. Did we
mention they lenk conl?

The Caliper

The caliper is one of the most familiar com-
ponents o the racer, yet sometmes the most
mizunderstood. Like the master cylinder. the
caliper is just a piston within a bore with pres-
surized flud on one side, Wiale the master



evlinder used mechanical force on the in
put side to create hydraulic force on the
output side. the caliper does the upposile
by using hydraolic force on the input side
(o create mechanical
force an the output
side. The op view
shown in Fig-
ure & (right] il-
lustrutes how
the pressur
ized hrake
Muid working
against the back
side ol the piston 1s
L".HI'l-t'I“.'IJ o i
siueczing or clamping
force.

In order to calew
late the amount of
clomping lorce
generiated in
Lthe caliper
the incom
|r||_1 ]er.ur:*

15 muluphed

by the area of the caliper
prston, In our example, the 558 psi that had
been generated ot the master cyhinder has
traveled through the brake pipes and lines
and 15 pushing agaimst two 1.5-inch pisions
per caliper, Therefore, the eflective arca of
the caliper will be equal 10 1wo times the
arca of a single 1.5-inch miston. Working
the numbers reveals that 558 psi will gen-
erare 2068 pounds of clamp load {3538 psi
x .84 inx 2.

Ax vou have probably already guessed,
nereasing the caliper piston diameter in-
creases the clamp looad for a given inpui

Figure 3.

pressure—but again, this does
not stop the car. Pomting on hig-
ger calipers might scem like a
good idea at first, but the
tradeotls mght make vou
think twice,

Increasing the diamerer
will inerease
the compliance
in the sysrem.
(Bud news o
|1r‘|.1.'|] Feal!)

Increasing
the diametes

will increase the size
und weaght of the cali-
per. (Bad news for un
sprung weight!)
Increasing the dinmeter
will increase the Muid volume
requirement of the system.
i Bad news for master cylinder
sizing!)

S0, when thinking about thut
big six-piston caliper conver
stomn. keep in mand that the sixe
and number of caliper pistons on your car
wers originally marched to the brake pedal
and master cylimder W generate an appro-
priate clamp load Tfor @ given brake pedal
input force, Changing any one of the com-
ponents will shify the balance one way (in-
creased pressure required) or the other
(higher pedal forces required) o generate
the saume clamp loud, Remember: Bigger
calipers don’t create any more “slopping
power and they do not “decrease stopping
distance”™—they just generate higher clamp
loads for & given preéssure inpur

One final culiper note of mterest; You may

have heard the terms “Tixed caliper” (indicat-
ing that the caliper bady 15 bolied directly o
the suspension upright) and “Moustng caliper”
(indicating that the caliper body is free to floa
on sliding guide pinsi. Although there dre pros
and cons associuted with each type, there s
non enough room in this amicle 1o dig ino the
detals of ther design differences. For now,
let it suffice w say that the above math works
out the same for either design.

S0, to this point, our example brake pedal,
master cylinder and caliper have amplificd the
ortginal B pounds of driver mput 1o over 2000
pounds—an ingrease of moe than 22 limes,
hut we <rill haven't stopped the car

The Brake Pads

This part might surprise some and offend
others, but it 15 a big misconception that chang-
ing bruke pud moterul will mugically decrease
your stopping distances. In fac, vou may have
even seen pubbished “data” which attempis (o
correlate stopping distance W lriction coefT]
clent. Although it may appear that there 15 a
relationshup between the two, there really sn'.
and here's why

The brake pads have the responsibiliny of
syuessing on the rotor (o big steel disc which
is mechanically amached o the rond wheel)
with the clamping force penerated by the cali-
per, There is a lobof black magic surmounding
the material compasition and formulation of
the mcuon puck, bul what really matters 15
the effective coefficient of friction between
the brake pad and the rotor face.

By knowing the clump load generuted by
the l.'.ljlril.‘r and the coefficient ol friction he-
iween the pad and rotor. one can calculate
the force acting upon the rotor, In this pa
ticular example, ler’s assume the hrake pads

-
Those Poor Rotors

Let’s look ot some common rotor
“maodification” and "performance”
upgrades that you may have been ex-
posed to. We'll try to separate the
marketing fram the angineering:

Bigger rotors will make your friends
think you are cool, bigger rotors look
sexy, but bigger rotors gﬁ not stop the
car. Whot o bigger rofor will do is
lower the overall operating tempera-
ture of the brokes—which is a GREAT
idea IF your temperotures are cous-
ing problams with other paris of the
broking system.

Take, for example, a Formula 500
racar, a small 800-pound, single-saat
formula cor. While the brokes are cer-
tainly much smaller than those found
an a 3000-pound GT1 Camare, that
does not necessorily mean that they
need to be made lorger. In fact, in-
stalling o GT1 broke pockoge ento our
farmula car would probably do more
harm than good. That's a lot of steal
hanging on the wheel that needs to
occelerate each time the gas pedal is
pushed. So the motto of this stary is
bigger is beter until your tempera-
tures are under control. After that
peint, yvou are deing more harm than

good, unless you really like the loak.
[And hey, some of us do.)

Crossdrilling your rotors might look neat,
but what is it really doing for you? Well,
wnless your car is using broke pods from
the '40s and "50s, not a whole lot. Rotors
were first drilled because early brake pad
materials gove off gosses when heated to
rocing temperatures, a process known as
“gassing out.” These gosses then formed
a thin layer between the broke pad foce
and the rotor, acting as a lubricant and
effectively lowering the coefficient of fric-
tion, The holes were implemented to give
the gosses somewhare to go. It wos an
effective solution, but today's fricion ma-
terials do not exhibit the same gossing out
phenomenon as the early pads.

For this reason, the holes have car-
riad aver mare as a design feature than
a performance feature. Contrary to
popular belief, they don't lower tem-
paratures. (In fact, by ramoving waight
from the rotor, they can octually couse
temperatures to increase a little.) These
holes create stress risers that allow the
rotor o crack sooner, ond moke o mess
of brake pads—sort of like o cheese
grater rubbing ogoinst them ot every
stop. Want more evidence? Look af
MASCAR ar F1. You would think that if
drilling holes in the rotor was the hot

ticket, these teams would be daing it.
The one glaring exception here is
in the rare situation where the rotors
are so oversized that they need to be
drilled like Swiss cheese. (Look at any
erformance motorcycle or lighter
rmula car, for an example.] While
the issues of stress risers ond broke
pad wear are still present, drilling is
used to reduce the maoss of the parts
in spite of these concerns. Remem-
ber that nathing comes for free. If
these teoms switched to non-drilled
rotors, they would see lower operat-
ing tempearatures and longer broke
pad life, ot the expense of higher
weight. It's all about tradeoffs,
Slotting rotors, on the other hand,
might be a consideration if your sanc-
tioning body allows for it. Cutting thin
slots ocross the foce of the rotor can
actually help to clean the face of the
brake pads aver time, halping to re-
duce the glozing often found during
high-speed use which can lower the
coafficiant of friction. Whila theare may
still be @ small concern over creating
stress risers in the foce of the rotor, if
the slots are shallow ond cut prop-
erly, the trode-off oppeors to be worth
the risk. (Have you looked at a
MNASCAR rotor lately?)

S/




have a coefTicient of friction of 0.45 when
["I'i.'.'"ﬂ'\l against the rotor face. The rotor
outpul force 15 equal 1o the clamp force
multiplied by the coefficient of friction
(which is then doubled because of the “float-
mg” design of the calipers. or in this cuse
2068 pounds x (145 x 2 = 1861 pounds
Nothing magical about st
By increasing the coefficient of friction of the
hrake |'|':||!‘-. the results are the same as increas-
g the caliper mston dimmeter—hgher forces
will he generated for the same input. But as be
fore, this force 15 not what stops the car.,
Sowhy change brake pod motenals in the first
place? Because increasing the cosfficient of fnc-
on can allow (or the use of smuller/fewer cali-
per pistons andfor will reduce the amount of
pedal force thar the driver needs 1o apply in or-
der 1o genermite a given rolor output foree.,
That's about it from a design standpoint
but the racer has another point 1o consider
heat. In the example above, the rotor output
force was calculaed assuming than the coef
ficient of Imenon between the brake pad and
the rotor was constant, but in the real world,
this 15 nor the case. As the remperature of
the components change, the physical
propertics of those com
ponents change,
and in

Lhe
case ol
the brake
F'Iiﬂi"\ the coefficiant of
Iriction can change dramatically

While street pads might have a coefficient
of (.3 around town, after a few laps on the
truck, the cocfficient cun drop to below 0,10,
acondition commonly known as “brake fade.”
{ Moe: This should not be confused with brake
fTuid fode, which results Grom water i the
hrake fluid turming 1o vapor ar high tempera
tures.) Om the roce track. this means that the

Figure 4.

brake pedal force required W stop

changes from lap 1o lap. And as rac-
ers. we know this can be kind of,
well, unset
tling. to say the
|l.'i!\1. )

Sa, back 1o T S
the black art I?.z" C——
of friction T —

materials
While o “co-
efficient of
friction™ number 15 a
mice duty point 0 consider when
madifyving a braking system, what is even
merre important 15 the abihity of the material
o maintain that coelTicient under a variely ol
driving conditions

Bruke pads wiath mdical changes in cocfhicient
over their operating range are not o racer’'s best
friend. Be sure 1o select one that remains rela-
frviely stuble under the opermting conditions you
are expecting, but don’t expect iny shorter stop
ping distiances, he-
cause the brake pods
don’t s1op the car!

The Rotor

The rotor actoally stops the car— just kidding.
Like the ather pans of the sysiem mentioned so
far, the rotor (Figune 4, above) does not stop the
¢ar, however, unlike the other braking system
componcnis, the rolor serves two purposes, listed
here 1 omder of appearance:;

The rotor acis as the fricnonal interface for

Figure 5.

the brake pads. But becanse it is a spinning ob
ject, it reacts to the ouput torce by absorbimg
the torgue created. (Any tme o foroe is applicd
o & spinning object, a torque s generated | In
this case, 1F we assume the foree o actal o pont
midway across the rotor face (6.2 inches from
the cemer of rotation in our example) then the
forguie 15 egual 1o about Mo [ -lbs, (1861 pounds
% 6.2 inches = 12 inches per foot)

The rotor must also absorb the heat gener-
uted by the rubbing of the bruke pads agoinst
the rotor face

In the case of the second tiem above, the no-
tor dissipates the heat generated by warming the
air surrounding the rotor. This is why hrake cool-
g ducts are so uselul. Where does the tomgque
207 The 964 fr.-1bs. sure is a lot of torque, and it
has o go somewhene, (Bur, betore YOLU po any
Turther, you mught wanl (o check oot the sidelr
(n page T7. “Those Poor Rotors™)

The Wheels and Tires

Time to get down to business—and time to
stop the car. Because the wheel and tire are
mechumicully bolted w the rotor, the wrgue is
transferred through the whole assembly; ro-
tor, hub, wheel and tire, And now, the mio-
mient we have all been wuiting for;

It is the imerface between the rire and the road
Ukt resacts wo ths Wrgue, generating o [orce be-
tween the tire and the road that will oppose the
mowion of the vehicle. The math looks just like
the equanon o caleulaie the torgue i the rotor,
but in reverse. (See Figure 5, 1o0.)

Crunching the numhbers based on a
2TSASRAT tire with o rolling rudius of 12,2
inches shows that o force of 942 pounds s
penerated between the bre and road. oppos-
ing the motion of the vehicle,

Ladies and gentlemen, this is what stops
the car—not the brake pads, not the rotors,
not the cool stainless steel brake lines. It's the
road reacting against the tire.

Mow, in order (o (inish the job, all that s
necessary is 1o add up all the forces (remem-
ber, there is @ foree scting on every wheel with
o brake) and run throwgh a hittle more math
In case vau haven’t noticed, we engingers just
love this math stull.

Adding the Forces

As thot Tamous guy Newlon sad, force =
miiss X g L'I,"'ll.'l'.1|ll'l'|'l (F=MA) O, stated an
other way, the sccelerubion (or decelernbon as
the case may bel of an object will be equal to
the sum of all of the forces acting on the ob-
ject divided by the weight of the vbject

Before we can sum up all the forces, there
i% one last lintle imporant fact to consider: The
e forces wre not the same for the four cor-
ners of the car. Due wo the static weight disiri



hution of the car, the location of the center of
gravity of the car, and the effects of dynamic
wetrht transfer under braking (just 1o name a
few ), the rear brakes are designed Lo generate
much smaller forces than the forces generated
by the front brakes. For the sake of arpument,
und for this exercise, we'll say the split s 80
percent front and 20 percent rear, bt the ac-
tual distribuiion 15 dependent on the specihc
velicle configuration

S0, i each fromt tire ganerates 942 pounds
of force, then we can calculate that each rear
tire generatés 20 percent of that, or 188
pounds. Adding up the four cormers now gives
us u tolal of 2260 pounds of force actng on
the vehicle between the four tires and the road

Rearmanging Newton s home run mentiondd
phove, (decel = foree -« weight), we can cal-
culate that the wokal deceleration of the vehicle
15 (L84, or 2260 pounds force + 2640 pounds
weight, Easy, right?

Calculating the Distance

Okuy, last eguation of the day. Given o ve-
hicle speed of, say, 110 miles per hour, and
the deceleration level from above, we cun now
caleulate the distance required to bring the cu
1o a stop. But, in order 1o make sure the an-
swir comes oul in feet, we Orst necd to juggle
the numbers around a little bit

1{} miles per hour = 147 fect per sccond

084 = 27,0 feel per second per second

Apply the equation for stopping distance
| distance = (muital speed)” = (decelerabon x
23] and lo and behold, exactly 400 feet are
required 1o bring this car down o a stop from
100 miles per hour given our ongimal pedal
input force of 90 pounds. Tah dah! The car is
now stopped
Limiting Factors

Fronm this example, it would appear that in
order 10 make the car stop in a shoner dis-
tanee. there are lwo oplions:

|} Change the brake system to increase the
force between the rire and the road for a given
pedal mput force,

2} Press on the brake pedal harder

s theory holds troc, but only up to s pomL
Amyome who his even diven on anicy road will
get this right awiay, A the hrake pedal force is
radunally increased, the deceleration rate wall
also increase until the point at which the tires
Inck. Bevond this point, additional force applied
to the bruke pedal does nothing more than moke
the driver’s leg sore, The vehicle will continue
i decelerate ot the rte govemned by the coefii-
gient of frmction between the tires and the road.
As you can imagine, the coefficient of a given
tire on aee s much lower than the coclhcwent
of thal same tire on dry pavement, hence the
increased deceleration possible on the dry,
pavied surface,

You can take this ope to the bank. Regandless
of your huge rotor dinmeter, brake pedal ratio,
e brake pad matenial, or number of pistons
LU L L .'||I|'ﬂ."l"- YOI X ITTRLT deceleration is
limited every tme by the tire W rowd mierface
That is the point of Uis whole wticle, Your brakes
do not &1op your car. Your tires stop the car 5o
while changes w different parts of the brake sys-
teny imiay affect certain characteristics or traits of
the syarem s behavior, using suckier nres is ul-
mately the only sure-fire method of decreasing
stopping distances

So, Why Would Anyone Want
to Modify Their Brakes?

If changing braking system components
does not provide increased stopping power or
shorler stopping distunces, why even consider
changes in the first place™ Why not just leave
the brakes alone and buy mew tires? Quiie sim-
ply. making changes to your braking svstem
can have a very real, very significant impact
on four arcas of bruke system performunce
other than stopping distance:

1} Drver uming: Modifving your brake
system component sizing (brake pedal ratio,
master cylinder piston diameater, caliper pis-
ton diameter, rotor diameter) can be perfomed
Lo adjust the feel of the car to suit the driver’s
tastes. Some drivers prefer ahigh, hard pedal,
while others prefer o longer stroke, In this re-
gard, uning vour brakes is a lot like tuning
vour shocks: every drver hkes something dit-
ferent, and there is no nght answer within cer-
tain functional limits, These componenis can
be adjusted in small steps 1o achieve a feel
that the driver prefers,

21 Thermal conrrol: Modifving yvour brake
syslem muss (rotor weight) can be used if there
is o thermal concern in the braking system. If
your hrakes work consistently under your driv-
ing conditions. then udding “size” 1o the brik-
ing svstem will accomplish nothing more than
increasing the weight of your vehicle, Buiaf
high temperatures are having an adverse ef
fect on hraking sysiem performance or othar
components in geneml—wheel bearimgs. for
example—then you should consider super-siz
ing. (O course. brake conhing ducts can really
help out here as well,

3) Temperature sensitivity: Modifying vour
brakes to address the presence of high (em-
peratures (brake pod material and brake fluid
composition) should anly be considered if
your thermal concerns cannot be resolved by
super-sizing. This is really just a Band-Aid
for undersized systems, like those found on
Showroom Stock ruce curs that are not per-
mitted by their rules to upsize or cool their
hrakes, One might argue thut it 15 more cost-
effective o instull better brake pads and brake
Muid than it wounld be 1o upsize the rotors, bt
all that heat stll needs o go somewhere—and
more often than not it will find the next weak
link in the system

4) Compliance: Any chunges that you cun
make o your braking system to reduce com-
pluince will increase the overall efheiency of
the system—improving pedal feel, wear, and
stop-to-stop consistency, Think of it as hal-
ancing and bluepnining your braking sysiem.

Brake system modifications have their place
1 help make your ride more consistent, pre-
dictable, and vser-fnendly; however, if your
ultimate goal is to decrease your stopping dis
tance, ook no further than the four palm-sized
patches of rubber connecting
your ride to the ground

Jurries Walker, Jr. of scR wotorsparty races
a 1992 Sarmm SC in the SCCAY ITA class.
Hix real job ax an ant-lock braking svsiems
engineer with the Rebert Bosch Corporation
has him applving these very same brake svs-
fem principles on a day-fo-day basis. To fird
et e afvant is o R motaragports race feam
ViR ww reamye Roconm.,

All the power you can handle.
The challenge of a lifetime.

The legendary performance of
one of the guickest production

cars in the world.

You in the cockpit ... inches off
the ground ... at the limit.

Here’s your
chance to
take a curve
at 2G’s in
the hottest
new ticket
in amateur
production
racing.

We can put you behind the wheel of 8 recing
legend:; the Caterham Seven,

Qur innovative rental program inchades:
48 year 2000 racecar guarantaed against
mechanical malunction, delivered to the
track, prepped and ready 10 race
Jexperienced crew
Silfl Fcing consumakiles
4no ray limits.

NG Saperience Necessary.
Instruction programs available.
Al you hanve 1o g0 k5 show up at the track
and get in the driver’s seat.
Call toll free today.
B77-RACE-D07
You could be racing soon.
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