
JAMES WALKER, JR.



2 HIGH-PERFORMANCE BRAKE SYSTEMS: DESIGN, SELECTION AND INSTALLATION

Copyright © 2007 James Walker, Jr.

All rights reserved. All text and photographs in this publication are the property of the author, unless otherwise noted or cred-
ited. It is unlawful to reproduce – or copy in any way – resell, or redistribute this information without the express written per-
mission of the publisher. 

All text, photographs, drawings, and other artwork (hereafter referred to as information) contained in this publication is
sold without any warranty as to its usability or performance. In all cases, original manufacturer’s recommendations, pro-
cedures, and instructions supersede and take precedence over descriptions herein. Specific component design and
mechanical procedures – and the qualifications of individual readers – are beyond the control of the publisher, therefore
the publisher disclaims all liability, either expressed or implied, for use of the information in this publication. All risk for
its use is entirely assumed by the purchaser/user. In no event will CarTech®, Inc., or the author, be liable for any indirect,
special, or consequential damages, including but not limited to personal injury or any other damages, arising out of the
use or misuse of any information in this publication.

This book is an independent publication, and the author(s) and/or publisher thereof are not in any way associated with, and are
not authorized to act on behalf of, any of the manufacturers included in this book. All registered trademarks are the property
of their owners. The publisher reserves the right to revise this publication or change its content from time to time without oblig-
ation to notify any persons of such revisions or changes.

Edited By: Travis Thompson

ISBN-13  978-1-932494-32-7
ISBN-10  1-932494-32-4

Printed in China

Front Cover:
There is more to upgrading your brake system than just shopping for
the best looking parts. While aesthetics certainly are important, con-
sideration must also be given to system-level performance. Picking
the right parts is usually more complicated than physically bolting
them on—they have to work together. (Randall Shafer)

Title Page:
During track use, rotors are squeezed with thousands of pounds of
clamp force, twisted by thousands of foot-pounds of torque, and
heated to over 1,200 degrees F. Heavy cars with large engines such
as these only make the demands that much more intense. (Wayne
Flynn/pdxsports.com)

Back Cover, Top:
Designing a hot rod brake system from scratch may seem intimidat-
ing at first, but the fundamental concepts of gain and balance still
apply. What really differentiates these brake systems are unique
design and operating requirements that may require different com-
promises than would be appropriate for an all-out racecar. (Randall
Shafer)

Middle:
Because experience is the best teacher, the final four chapters of
this book are dedicated to sharing our years of upgrade know-how
with you. Whether you are upsizing your front rotors for track use or
converting your muscle car from rear drum brakes to rear disc
brakes, grab your wrenches and head out to the garage with us. Just
be sure to wear your safety glasses! (Randall Shafer)

Bottom:
Motorsports can place extreme demands on your brake system, and
if your hardware is not up to the task, performance can suffer dra-
matically. A solid understanding of brake system fundamentals
greatly increases your likelihood of ending up in the winner’s circle
on race day. (Wayne Flynn/pdxsports.com)

39966 Grand Avenue
North Branch, MN 55056
Telephone (651) 277-1200 • (800) 551-4754 • Fax: (651) 277-1203
www.cartechbooks.com

OVERSEAS DISTRIBUTION BY:

Brooklands Books Ltd.
P.O. Box 146, Cobham, Surrey, KT11 1LG, England
Telephone 01932 865051 • Fax 01932 868803
www.brooklands-books.com

Brooklands Books Aus.
3/37-39 Green Street, Banksmeadow, NSW 2019, Australia
Telephone 2 9695 7055 • Fax 2 9695 7355



88 HIGH PERFORMANCE BRAKE SYSTEMS: DESIGN, SELECTION AND INSTALLATION

BRAKE PADS

CHAPTER 9

Due to operating wear and tear, brake
pads are one of the most commonly
replaced components in the brake system.
They also happen to have a significant
impact on overall brake system gain as
stated back in Chapter 3. Consequently,
upgraded pads are one of the most com-
mon brake system modifications.

However, in this context the word
upgrade must be used with great care.
While your local auto supply store likely
offers a combination of premium, high-
performance, heavy-duty, and severe-use
brake pads, there are no industry stan-
dards for what constitutes a premium,
high-performance, heavy-duty, or severe-
use brake pad.

The same lack of formal definition
applies to semi-metallic, non-asbestos

organic, ceramic, and other exotic brake
pad chemistries. In all of these cases, the
manufacturer is free to call the pads by
whatever name they see fit. Consequently,
brake pad selection is a bit of a black art.

Okay, so there’s a lot of black art
involved, but that should not discourage
you from trying to find the best brake pads
for your vehicle. Good materials are out
there, but be forewarned that finding the
best pads for your application can some-
times involve some trial and error. There-
fore, you need to do some homework to
determine if the four pieces of friction
material inside the cardboard box are suit-
able for your application, because the
descriptions printed on the outside of the
box are not very helpful at all.

Brake Pad Terminology

Before going any farther, it’s time to
define the nine critical features of a typical
brake pad. That’s right—in some applica-
tions, there are no less than nine brake pad
design features that can impact its overall
performance.

Friction Materials
The brake pad friction material is the

primary wear element for the brake system.
Sometimes called the friction puck, this
sacrificial component is the only part of the
brake pad that’s designed to make contact
with the rotor, converting kinetic energy
into heat. As a result, over time it’s slowly
worn away until it needs replacing.

Of all the brake pad components dis-
cussed, the friction material is arguably the
most critical from a high-performance per-
spective. There are countless varieties of

friction materials available in the market-
place, and the paragraphs that follow pro-
vide you with the information you need to
navigate through the overwhelming num-
ber of choices.

Wear Sensors
Because all friction materials eventu-

ally wear out, a wear sensor is typically fitted
to each pair of brake pads to inform the dri-
ver that replacement is required. Although
electronic sensors are found on a few high-
end European applications, in most cases a
simple steel spring is riveted to the brake
pad backing plate to serve this purpose.

When the friction material wears to
the point that replacement is necessary, the
spring will contact the rotor, emitting a
high-pitched squeal. This audible signal
should not be ignored, for if the friction
material wears completely away, the rotor,
caliper, or both may be susceptible to per-
manent damage.

Brake pad advertising is not bound by
NHTSA regulations, and unfortunately
there’s only so much you can find out
by looking at the parts in the box. They
essentially all look the same to the
untrained eye. Consequently, when
picking out a brake pad for your
application, it pays to do a little
research first. (Randall Shafer)

What differentiates one brake pad from
another is the physical composition of
its friction material. Like a fine suit,
high-performance friction materials are
custom-tailored to each application
with a unique blend of ingredients.
(Randall Shafer)

       



BRAKE PADS

Backing Plates
Usually fabricated from simple low-

carbon steel, the brake pad backing plate
distributes forces from the caliper pistons
to the friction material. Serrated features
or through-holes in the backing plate can
also serve to anchor and locate the friction
material against the rotor and to transfer
the brake pad friction force from the fric-
tion material to the caliper body.

Thermal Barriers
Because of their steel construction,

the backing plates generally do not insu-
late the caliper pistons from heat very
effectively. Therefore, in many racing or
high-performance applications a thermal
barrier is found sandwiched between the
friction material and the backing plate.

The two most common forms of insu-
lator are the ceramic puck and the woven
mat. In either case, the insulating material
is bonded or riveted in place during the
manufacturing process and cannot be
added on later.

Adhesives
As the name implies, the brake pad

adhesive bonds the friction material to the
backing plate. While historically friction
material has been held to backing plates
with mechanical rivets, these high-temper-
ature, high-strength glues are now the
norm.

As you can image, selecting the
proper adhesive is critical, considering a
failure of the adhesive results in the fric-
tion material falling off of the backing
plate. In this regard not all adhesives are
created equal, and low-grade adhesives
have been known to break down and de-
bond in severe-duty applications.

Shims
Shims are usually thin stainless steel

plates attached to the back side of the
brake pad backing plate. They may also
contain a thin layer of damping material
(rubber in some cases) sandwiched
between multiple stainless steel plates, but
in any case these devices are used to damp
out noises (squealing) that may be gener-
ated by the brake pad during use.

Note that the presence of shims does
not necessarily guarantee noise-free perfor-
mance, but in many applications they cer-
tainly help a great deal. A beneficial side

effect is that stainless steel shims can serve
as an effective thermal barrier as well. For
even better thermal insulation shims can
be fabricated from titanium, but the cost of
this material can be prohibitive.

Lubricants
Lubricants can serve two purposes.

The first is to allow free motion between
the brake pad and its mounts, or caliper
abutment plates. This prevents binding
and/or residual drag during use. This is
generally a good thing.

In other applications, lubricant can be
applied to the backing plate directly in an
attempt to provide some measure of noise
suppression. Frankly speaking, this is semi-
effective at best. If this technique worked as
well as some people claim, you would find
it in widespread use among the vehicle
manufacturers. It probably doesn’t make
matters worse, but don’t expect a tube of
goo to prevent long-term brake noise.
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In some applications, a sensor is
placed on the brake pad to alert the
driver if the friction material is worn to
its minimum thickness. While a spring
on the backing plate can be used to
emit an audible squeal under these
conditions, the electronic sensor shown
here informs the driver with a lamp on
the instrument panel. (Randall
Shafer/StopTech)

The responsibility of the backing plates
(red) is to transmit the force from the
caliper pistons to the friction material.
They may also contain retention
features such as holes or serrated
edges to provide a better anchor point
for the friction material. (StopTech)

In order to reduce heat flow from the
rotor to the brake fluid, a piece of
insulating material can be placed
between the backing plate and the
caliper pistons. Stainless steel shims
are the most common thermal barriers
used in OEM applications and can also
help to reduce certain noise
frequencies. (Randall Shafer)

In racing applications, extreme
measures are taken to keep heat out of
the brake fluid. The shims shown above
are fabricated from titanium, an
excellent thermal insulator.
Unfortunately, the cost of this material
makes it impractical for production
vehicles. (Randall Shafer/StopTech)

While advertised as a cure-
all for brake noise,
lubricants are really used
to provide free motion
between the backing
plate and the caliper
locating features. Too
much lubricant can be
detrimental though, as it
collects dust, dirt, and
debris over time.
(Randall Shafer)
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