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Drawing shows section cut through pedal
arm. Original pedal arm is shaped like an
I-beam cross section. To keep it from
twisting, a side plate is welded on each
side of the |-beam to make it a box-section.
Resistence to twisting is much greater
with this modification.

Pads normally wear on a taper because
trailing edge of pad runs hotter than leading
edge. Because wear increases with
temperature, trailing edge wears faster.
Tapered pads make pedal feel spongy be-
cause caliper or bracket has to flex to
bring pads in contact with rotor. Some
pads wear leading edges faster due to cali-
per design.

Checking brake-fluid level periodically is an important maintenance job on every car. If fluid
reservoirs are hard to reach, consider a modification. These race-car reservoir caps are
fitted with plastic breather tubes, which could be used as feed lines from a remote-mounted
reservoir. Be sure reservoir-breather tubes breath from a clean, dry place such as inside a
roll cage.

a tube. A closed— boxed—tubular
structure, round or square, has much
greater torsional strength than a flat
plate, channel or I-beam. The accom-
panying drawing shows one method
of how to do this.

Linkages usually don’t deflect
noticeably. However, if the system
has a bell crank or anything subjected
to bending or twisting, it may be a
problem. A linkage must be as stiff as
possible. Curved or bent pushrods
should be strengthened or replaced
with straight ones. This applies even if
it means a major design change.
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Compression of Air in Brake
Fluid—If a brake system always acts
as if it needs to be bled, maybe it does.
Air tends to get trapped in high spots
and corners of a hydraulic system.
Check that the bleeders are
positioned so all the air can get out. A
bleeder should be at high spots in a
hydraulic system. Some special cars
may have the calipers mounted at an
angle that trap a small amount of air.
If you have such a car, remount
calipers or remove them from their
mounts and position the bleeder high
for bleeding. Then remount calipers.

Bleeder on this race-car rear brake is
below brake hose! Backing plates were
mounted upside down on axle. By unbolting
and repositioning backing plates, spongy
pedal was cured forever. Bleeders must be
at highest spot in cylinder to be effective
in removing all air.

If a master cylinder is not mounted
level, it can trap air. With this
condition, try tilting the car with a
jack when bleeding the brakes so no
air can be trapped at the closed end of
the master cylinder. Check the
position of the cylinder with a level
while the car sits on a level surface.

If the brake lines have a fitting at
any high spot, there may be bubbles
trapped inside the fitting. Examine
the details of the fitting to be sure.
Perhaps you can reroute the line to
eliminate the high spot or, maybe,
you can use another type of fitting
that will not trap. air. But, first, avoid
high spots in the hydraulic system.

A spongy pedal can be caused by
compression of the brake fluid. Brake
fluid normally has little compression,
but some fluids are better than others
in this respect. For instance, at high
temperatures, silicone fluids have a

lower compression stiffness than
glycol-based fluids. But, at low
temperatures, silicone-fluid com-

pressibility is usually not a problem.

If you have a race car with a spongy
pedal, perhaps the fluid is the
problem. If you are using silicone
fluid, try a glycol-based fluid such as
AP Lockheed racing fluid.

Deflections Due to Tapered Pads—A
worn disc-brake pad usually is
tapered. The lining thickness of a
used pad is usually thicker at the lead-
ing edge than at the trailing edge. This
results from the trailing edge of the
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By removing some friction material on slow-wearing, leading edge of pad, taper wear can
be reduced. If pad wears evenly, pedal travel will not increase as much as pad wear. Make
sure both sides of the car are modified the same so braking will be even.

pad running hotter than the leading
edge, thus wearing more. Some caliper
designs also cause the leading edge to
wear more.

Once pads are worn tapered, the
caliper assembly must deflect for the
pad to contact the rotor fully. This in-
creases pedal travel and effort. It can
also damage the caliper by cocking the
pistons in the bores. Although this
can be minimized by changing the
pads before they are worn much,
another modification can help, too.

Remove material from the sides of
the pad at its leading end to reduce
pad area and increase wear rate
locally. See the accompanying
drawing. This helps balance the
unequal wear rates. The amount of
material to remove is found by trial
and error. Start by removing about
25% of the width at the slow-wearing
edge and see what happens. Make
sure all pads and both sides of the car
are modified equally to prevent pull-
ing to the side during braking.

Tapered pads can also be caused by
flimsy caliper-mounting brackets. If
the bracket twists, this cocks the cali-
per and makes the pads taper. This

“taper wear due to twisting will be
unequal on the inboard and outboard
pads. One will show more wear on the
trailing edge than the other one on
the leading edge. If one pad tapers a
lot compared to the other, caliper
twist and higher trailing-edge tem-
perature are involved.

Reduce caliper twist by using a stif-
fer caliper-mounting bracket. I suggest
using at least a flat 1/2-in.-thick steel
plate for a caliper bracket. If that thick-

ness is impossible, use the thickest
possible steel plate.

With sliding calipers, unequal
inner-to-outer lining wear can be
caused by high slide friction. Clean
the slides and lubricate them with
high-temperature grease between the
inner and outer caliper sections.

IMPROVING STABILITY
DURING BRAKING

Stability refers to how straight the
car travels during braking. When the
brakes are applied hard, an unstable
car may swerve, pull to the side, or
even spin out. There are many things
that affect stability, but the following
items are the most likely.

Stable braking depends on balanced
braking at both sides of the car. If
braking is different from right to left,
the car will be unstable. Start by
checking brake diameters, lining
condition, and mechanical condition
of the brakes to be sure they are equal
on both sides. Also check tire rolling
radius to be sure this is equal on each
side. Measure with a tape wrapped
around the circumference of each
tire—it is more accurate than measur-
ing radius.

The car’s suspension must work
well for stability. It’s essential that the
wheels don’t steer or change toe-in
when the brakes are applied. For tips
on setting up a chassis, read my HP
Book, How to Make Your Car Handle.

Excessive front scrub radius can
cause instability during braking.
Scrub radius is the distance from the
point the kingpin axis intersects the
ground to the center of the tire patch.

This caliper bracket is cut from a flat plate.
It adapts a disc brake to a spindle from a
car with drum brakes. This flat plate brack-
et should be 1/2-in. thick, if possible, to
resist twisting.

Bolted pad
caliper-bridge strength. Studs with quick-
release clips are used in place of bolts
when quick pad changes are required.

retaining plate increases

Widening the track by installing
wheels with increased offset increases
scrub radius by the same amount.
Cars should not have a scrub radius
greater than about 2 in., although
many road and race cars have been de-
signed with more.

If stability problems are caused by
rear-wheel lockup, that can be elim-
inated by balancing the brakes. See
the earlier part of this chapter dealing
with modifications for balancing
brakes. Adding an adjustable propor-
tioning valve can be the answer to
rear-wheel lockup.

Drum brakes with high servo
action, such as duo-servo brakes, are
notorious for causing pulls and
instability. If this is a problem, be sure
the drums, linings and wheel
cylinders are in good condition. If this
doesn’t help, try harder linings or disc
brakes. Instability with duo-servo
drum brakes is a major reason why
modern American cars use front disc
brakes exclusively.
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Trouble-shooting brakes is too big of a subject for complete coverage in this
book. However, the subject of maintenance and testing would not be complete with-
out a trouble-shooting guide. Briefly listed below are some possible causes of
brake trouble. Cures are covered in this book, the factory manual, and in other pub-
lications on brake repair and maintenance.

This reference guide to trouble-shooting may help you with a quick solution at
the test track:

Problems Possible Cause
Low pedal—will pump up Rotor Runout
Loose wheel bearings
Air in hydraulic system
Drum brakes out of adjustment

Low pedal—won’t pump up Bad seals in caliper
Badly worn pads
Rotor runout
Leak in hydraulic system
Loose wheel bearings
Excessive free-play in brake linkage
Balance bar too far off-center

Changing brake-pedal travel Slop in wheel bearing or suspension
Balance-bar failure
Balance bar too far off center

Spongy pedal Air in hydraulic system
Deflection of caliper or mount
Deflection of hoses
Brake fluid too hot
Badly worn linings or pads
Concave or convex lining wear
Deflection of master-cylinder mount
Master cylinder too small
Pedal ratio too high
Drum-brake-shoe arc incorrect
Distorted brake shoes or backing plate
Old brake fluid
Cracked brake drum

Brake pedal not returning Master-cylinder reservoir not vented
No clearance in brake pushrod
Binding in pedal pivots or pushrod

Front or rear brakes locking Too much front- or rear-brake balance
Failure in opposite brake system
One brake locking Caliper piston seizing in cylinder

Wheel cylinder seizing

Bad brake-shoe return spring
Loose or distorted backing plate

Oil or fluid leak into brake

Loose caliper mount

Excessive weight on other wheel
Twist in car chassis or suspension
Mismatched rotors, linings or drums

Pedal effort too low Master cylinder too small
Pedal ratio too high
Too much servo action on drum brakes
Linings too soft
Too much power assist
Defective booster

Pedal effort too high Master cylinder too large
Pedal ratio too low
Linings too hard
Racing linings too cold
Power-assist failure




Brakes wet

Glazed linings

Qil or fluid on linings
Drum-brake-shoe arc incorrect
Brakes too hot

Vibrating pedal Excessive rotor runout or thickness variation
Damaged wheel bearings
Cracked drum or rotor
Bent axle
Drum warped or eccentric
Brakes not releasing
Vented-rotor fins rusted out so side plates
deflect under pressure

Swerving under hard braking Front suspension bottoming
Toe-in adjustment wrong
Bump-steer problems
Shock-absorber failure
Shock-absorber adjustment dissimilar
Brake balance way off
Caster or camber uneven
Chassis or suspension twisted
Worn steering or suspension pivots
Tire sizes dissimilar
Excess front-wheel scrub radius

Pedal goes to floor Air in hydraulic system
Leaking seal in master cylinder
Leak in hose or tube
Leak in caliper or wheel cylinder
Tapered pad wear
Drum brake not adjusting
Electric current passing through fluid

Brakes grab or lock Drum-brake-shoe arc incorrect
Loose or distorted backing plate
Contaminated linings
Brakes wet
Racing linings too cold
Failed brake-shoe return spring
Drum-brake linings burned up

Brakes notreleasing Blocked master-cylinder port
Binding pedal pivots
No free play in pushrod
Seized caliper or wheel cylinder
Aged or overheated caliper seals
Swollen seals—incorrect fluid
Caliper slides corroded and stuck
Heel drag on cup-type seals
Parking brake on or maladjusted
Power booster faulty
Distorted shoes or backing plate

Brakes squeal Wear in brake shoes or attachments
Worn pads
Cold linings
Need new brake-pad anti-squeal shims
Need anti-squeal compound behind pads
Need to chamfer ends of linings
Brakes wet

Rapid lining wear Wrong surface finish on rotor or drum
Lining too soft
Cracks in drum or rotor
Adjustment too tight
Brakes not releasing
Inadequate brake cooling
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This road-car hydraulic-brake-system diagnostic procedure may help you solve
some perplexing brake-system problems:

PRELIMINARY ACTION

1. Clean master-cylinder cap.

2. Fill master-cylinder reservoir.

3. Turn ignition switch to start to prove out instrument-panel brake light.

PEDAL-FEEL CONDITIONS & APPROPRIATE ACTIONS
1. Pedal to the floor quickly —light on:
Perform action A.
If pedal holds, perform Action B.
If pedal does not hold, perform Action C.
2. Pedal to the floor slowly (creeps)—light on:
Perform Action C.
3. Pedal firm—long stroke—no light:
Perform Action A.
If pedal pumps up—perform Action B.
If pedal does not pump up—perform Action D.
4. Pedal spongy—no light:
Perform Action A.
If pedal pumps up—perform Action B.
If pedal does not pump up—perform Action G.
5. Pedal Normal—Goes to floor at times:
If disc brakes—perform Action E.
Perform Action F.

ACTIONS

A. Pump pedal as fast as possible 30 times and hold pedal down on last stroke.

B. Have an assistant remove master-cylinder cap and observe reservoir-fluid
levels as the pedal is released as quickly as possible. A spout in either chamber
indicates the possibility of air in the system. Bleed the brakes. If problems
remain, adjust the brakes.

C. Have an assistant observe master-cylinder-fluid levels as the brake pedal is
slowly depressed. A level that rises 1/16 in. on pedal application and drops to
original level on release—not including the spout on apply—indicates an internal
bypass leak in a tandem-type master cylinder. A reservoir that overflows after
long use while the other reservoir drops also indicates an internal bypass.
Rebuild or replace master cylinder. A reservoir that drops progressively with
each pedal stroke indicates an external pressure leak. Check all lines and fit-
tings of the affected system—front or rear—and repair as required.

D. Adjust brakes. Check for loose wheel bearings and adjust to specifications if
required.

E. Check for loose wheel bearings and adjust to specification if required.

F. If condition occurs only after long periods of idleness, replace the hydraulic
stoplight switch and flush front-system brake fluid. A shorted switch can pass
current through the brake fluid. Fluid subjected to electric current for a long
period of time will bubble.

G. Check caliper slides, pins and pistons for sticking. Check disc-brake linings for
tapered wear. Check drum brakes for bent shoes or backing plates.




Suppliers List

Suppliers are listed two different
ways. First, they are listed by company
name in alphabetical order—then the
products are listed alphabetically. If
you are looking for a particular
product, look first in the product list.
The number behind each item refers to
the number of the company(ies) shown
in the alphabetical supplier list.

Every year new companies are
formed and some go out of business.
Thus, you should not consider this list
to be the last word. If you want a
complete and current list of companies
supplying a particular brake-related
product, refer to ads in the latest trade
and racing publications. The following
supplier list is merely a guide to get
you started on your shopping task.

ALPHABETICAL LIST OF SUPPLIERS
1. Aeroquip Corp.
300 S. East Ave.
Jackson, M| 49203
2. Alfred Teves Technologies, Inc.
(ATE Brakes)
2718 Industrial Row
Troy, Ml 48084
2A. Alston Industries
6291 Warehouse Way
Sacramento, CA 95826
3. AMMCO Tools, Inc.
Wacker Park
North Chicago, IL 60064
4, AP Racing
Leamington Spa
Warwickshire, England CV31
3ER
5.  Automotive Products USA, Inc.
1864 Northwood Dr.
Northwood Industrial Park
Troy, MI 48084
6. Bendix Automotive Aftermarket
1904 Bendix Dr.
Jackson, TN 38301
7. C & D Engineering Supply Ltd.
Rt. 2, Box 47-1
Fort Valley, CA 31030
7A. Chrysler Corporation
Direct Connection
P.O.Box 1718
Detroit, M1 48288
8. Columbia Motor Corp.
140 West 21st St.
New York, NY 10011
9. Contemporary Chassis Design
15506 Vermont St.
Paramount, CA 90723
10. CRC Chemicals
885 Louis Dr.
Warminster, PA 18974

11.

12.

13.

13A.

14.

15.

15A.

16.

17.

17A.

18.

19.

20.

21.

22.

23.

24.

25.

Deist Safety, Ltd.

641 Sonora Ave.
Glendale, CA 91201
Delco Moraine Div.
General Motors Corp.
1420 Wisconsin Blvd.
Dayton, OH 45401

Dick Guldstrand Enterprises
11924 W. Jefferson Blvd.
Culver City, CA 90230
Dillon Enterprises
66820 SR 23

North Liberty, IN 46554
Dow Corning Corp.

Box 0994

Midland, M| 48640-0994
Dwyer Instruments, Inc.
P.0.Box 373

Michigan City, IN 46360
EIS Automotive Corp.
129 Worthington Ridge
P.O.Box 1315

Berlin, CT 06037

Earl’s Performance Products
825 E. Sepulveda
Carson, CA 90745

Edco Specialty Products
3411 W. MacArthur Blvd.
Santa Ana, CA 92703
Ford Motorsport

Ford Motor Co.-SVO
17000 Southfield Rd.
Allen Park, M1 48101
Friction Products Co.
920 Lake Road

Medina, OH 44256
ELSCO Inc.

1843 E. Adams St.
Jacksonville, FL
Frankland Racing Equipment
P.O.Box 278

Ruskin, FL 33570
Girling Ltd.

200 Manchester Ave.
Detroit, Ml

Girlock

c/o Tilton Engineering
McMurray Rd. & Easy St.
Buellton, CA 93427
Girlock Ltd.

36-40 Harp. St.

Belmore, N.S.W. 2192
Sydney, Australia

Grey Rock Div.
Raybestos Manhattan Corp.
P.O.Box 9140
Bridgeport, CT 06603
Harwood Performance Sales,
Inc.

11501 Hillguard Rd.
Dallas, TX 75243

26.

27.

28.

29.

20A.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

a41.

42.

43.

Henry’s Engineering Co.
P.O.Box 629

Prince Frederick, MD 20678
Huffaker Engineering, Inc.
22 Mark Dr.

San Rafael, CA 94903
Hurst Performance, Iinc.
Airheart Brakes

50 West Street Road
Warminster, PA 18974
JFZ Engineered Products
9761 Variel Ave.
Chatsworth, CA 91311
Ja-Mar Off-Road Products
29300 3rd St.

San Rafael, CA 94903
Kano Laboratories

1000 S. Thompson Ln.
Nashville, TN 37211
Kelsey-Hayes Co., Inc.
Kelsey Axle & Brake Division
5800 W. Donges Bay Road
Mequon, WI 53092
Kelsey-Hayes Co., Inc.
Kelsey Products Division
38481 Huron River Dr.
Romulus, Mi 48174
Lakewood Enterprises
4566 Spring Rd.
Cleveland, OH 44131
Lamb Components

150 W. College Way

La Verne, CA91750

Lee Manufacturing Co.
Division of Rolero
P.O.Box 7187

Cleveland, OH 44128
Lucas Industries, Inc.
Girlock

Girling Brake & Hydraulic Sys-
tems Group

5500 New King St.

Troy, M| 48098

Marsh Instrument Co.
3501 W. Howard St.
Skokie, IL 60076

McLeod Industries

1125 N. Armando
Anaheim, CA 92806
Midwest Race Engineering
503 S. 7th St.

Boonville, IN 47601

MICO, Inc.

1911 Lee Blvd.

North Mankato, Ml 56001
Morak Brakes, Inc.

9902 Ave.D

Brooklyn, NY 11236
Mueller Fabricators
10872 Stanford Ave.
Lynwood, CA 90262
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Nationwide Electronic Systems,

Inc.
1536 Brandy Parkway
Streamwood, IL 60103

45. Neal Products, Inc.
7170 Ronson Rd.
San Diego, CA 92111

46. Omega Engineering, Inc.
Box 4047, Springdale Station
Stamford, CT 06907

47. Performance World
3550 University Ave.
SanDiego, CA

48. Plasma Technology Inc.
1754 Crenshaw Blvd.
Torrance, CA 90501

49. Professional Racers Emporium
1463 E. 223rd St.
Carson, CA 90745

50. R.A.C.E.Pads
8 S.582 John St.
Big Rock, IL 60511

51. Ron Minor’s Racing Specialties
6511 N. 27th Ave.
Phoenix, AZ 85017

52. Servex
1520 10th Ave.
Seattle, Washington 98122

53. Simpson Safety Equipment, Inc.

22630 S. Normandie Ave.
Torrance, CA 90502

54. Speedway Engineering
13040 Bradley Ave.
Sylmar, CA 91342

54A. Speedway Motors
P.O. Box 81906
Lincoln, NE 68501

55. Stainless Steel Brakes Corp.
11470 Main Rd.
Clarence, NY 14031

55A. Stop & Go Products
1835 Whittier, Suite AS
Costa Mesa, CA 62627

55B. Tempil Division
Big Three Industries, Inc.
2901 Hamilton Boulevard
South Plainfield, NJ 07080

56. Tilton Engineering, Inc.
McMurray Rd. & Easy St.
P.O.Box 1787
Buellton, CA 93427

57. Troutman, Ltd.
3198 ‘'L’ Airport Loop Dr.
Costa Mesa, CA 92626
58. Velvetouch Div.
S.K. Wellman Corp.
200 Egbert Rd.
Bedford, OH 44146
59. Weevil Ltd.
206 Queens Court
Ramsey, Isle of Man
British Isles
60. White Post Restorations
White Post, VA 22663
61. Wilwood Engineering
4580 Calle Alto
Camarillo, CA 91360
61A. Winters Performance Products
2819 Carlisle Rd.
York, PA 17404
62. WREP Industries, Ltd.
140-C Shepard
Wheeling, 1ll. 60090
63. Yankee Silicones, Inc.
P.O.Box 1089
Schenectady, NY 12301

PRODUCT INDEX

Numbers refer to those shown in
alphabetical suppliers list.

Adjustable Proportioning Valve 2A, 7A,

17A, 32, 47,56, 61
Adjusters 5, 6
Anti-Noise Compound 10

Balance Bars 29A, 45, 56, 61A

Bleeder Screws 5, 6

Brake Fluid 4, 5, 6, 7, 15A, 45, 47, 51,
54A, 55A, 56, 61,62

Brake-Locking Valves 29A, 37

Brake Tubing 6, 45

Calipers 2, 2A, 4, 5,6, 12, 13A, 28, 29,
29A, 32,51, 54A, 55, 56, 60, 61, 61A

Caliper Brackets 28, 56

Cleaning Fluids 10, 51

Cutting Brakes 29A, 45

Cylinder Restoring 55, 60

Decelerometers 3

Dragster Brakes 2A, 28, 29, 31, 61

Drums 5, 15A, 29

Fast-Fill Master Cylinders 41

Finned Drums 5

Fittings 1, 4,5,6,7,16, 45,51,52, 56,
62

Flaring Tools 6

Gage Protectors 41
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Hand-Operated Brake 29A, 45

Hats 2A, 4, 28, 29, 56, 61A

Hoses 1,4,5,6,7, 16,62

Lining Material 4, 5, 6, 8, 13A, 24, 50,
51, 54A, 55A

Master Cylinders 2A, 4, 5, 6, 12, 13A,

28, 29A, 37, 45,51, 54A, 55A, 56, 61,

61A, 62
Metric Adapter Fittings 6, 7, 45, 62

Moisture Barriers 45, 56

Pads 2A,4,5,6,7,12, 13A, 15A, 18,
28, 29, 29A, 32, 50, 51, 54A, 55A,
61A

Parachutes 11, 53

Pedals 2A, 13A, 29A, 45, 51, 51, 54A,
56,61,61A

Pedal Brackets 2A, 13A, 29A, 45, 54A,
56,61A

Penetrating Oil 30

Power Boosters 2, 5, 6

Pressure Bleeders 6, 15A

Pressure Gages, Air 15

Pressure Gages, Hydraulic 28, 38, 41

Pressure Switches 41

Proportioning Valves 2A, 7A, 17A, 31,
47,56

Pushrods 56

Pyrometers/Thermometers 4, 44, 46,
51, 56

Racing Brakes 2A, 4, 13A, 28, 29, 51,
54A, 55A,56,61A

Rebuilding Kits 4, 5, 6, 15A, 28, 29, 45,
55, 56, 62

Remote Balance-Bar Adjuster 13A, 45,
54A,56,61A

Reservoirs 5, 45,51, 55A, 56

Reservoir Extensions 45, 51, 55A, 56

Residual-Pressure Valves 28, 45

Return Springs 5, 6

Rotors 2A, 4,5,6,12, 13A, 15A, 28, 29,
29A, 32,51,52,54A, 55A, 61A

Shoes 5, 6, 15A, 18, 32,52, 55

Silicone Fluid 15A, 47, 51, 55,62, 63

Sprint-Car Brakes 28, 29, 54A, 55A,
56, 61

Steel-Braided Hoses 1, 4,7, 16, 52, 62

Stock-Car Brakes 13A, 28, 29, 54A,
55A,56,61,61A

Switches 6

Temperature Indicators 4, 46, 51, 55B,
56, 59
Tools 3, 6

Water-Cooling System 56
Wheel Cylinders 5, 6




METRIC CUSTOMARY-UNIT EQUIVALENTS

Multiply: by: to getj ‘ Multiply: by: to get:
LINEAR
inches X 254 = millimeters(mm) X 0.03937 = inches
feet X 0.3048 = meters(m) X 3.281 = feet
yards X 09144 = meters(m) X 1.0936 = vyards
miles X 1.8093 = kilometers (km) X 0.6214 = miles
inches X 254 = centimeters (cm) X 0.3937 = inches
microinches X 0.0254 = micrometers(Mm) X 39.37 = microinches
AREA
inches? X 64516 = millimeters’(mm? X 0.00155 = inches?®
inches? X 6.452 = centimeters(cm? X 0.155 = inches?
feet? X 0.0929 = metersim? X 10.764 = feet?
yards? X 0.8361 = metersi(md X 1.196 = vyards?
acres X 0.4047 = hectacres(10°m? (ha) X 2471 = acres
miles? X 2590 = kilometers®(km? X 0.3861 = miles?
VOLUME
inches® X 16387 = millimeters®(mm® X 0.000061 = inches®
inches® X 16.387 = centimeters®(cm? X 0.06102 = inches®
inches® X 0.01639 = liters(}) X 61.024 = inches®
quarts X 0.94635 = liters(l) X 1.0567 = quarts
gallons X 3.7854 = liters(l) X 0.2642 = gallons
feet® X 28317 = liters () X 003531 = feet®
feet® X 0.02832 = meters®(m? X 35315 = feet®
fluid oz X 29.57 = milliliters (ml) X 0.03381 = fluid oz
yards® X 07646 = meters’(m® X 1.3080 = vyards®
teaspoons X 4.929 = milliliters (m1) X  0.2029 = teaspoons
cups X 0.2366 = liters(l) X 4227 = cups
MASS
ounces (av) X 28.35 = grams (@) X 0.03527 = ounces (av)
pounds (av) X 0.4536 = kilograms (kg X 22046 = pounds (av)
tons (2000 Ib) X 907.18 = kilograms (kg} X '0.001102 = tons (2000 Ib)
tons (2000 Ib) X 0.90718 = metrictons (t) X 1.1023 = tons (2000 Ib)
FORCE
ounces—f(av) X 0.278 = newtons (N) X 3.597 = ounces—flav)
pounds—f(av) X 4.448 = newtons (N} X 0.2248 = pounds—f(av)
kilograms —f X 9.807 = newtons (N) X 010197 = kilograms—f
TEMPERATURE
°F  -40 32 98.6 212 of
0 |4O 80 ‘ 120 160 OOI 240 280 320
||||_L|l’||l|l|||||:|I|||J|t||l||||l||\
l —T ’—I T | T T | T l T T | T | T —I
°C -40 -20 0 20 40 60 80 100 120 140 160 °C

Degrees Ceisius (C) = 0.556 (F - 32)

ACCELERATION

feet/sec?
inches/sec?

X 0.3048
X 0.0254

meters/sec(m/s?
meters/sec?(m/s?)

Degree Farenheit (F) = (1.8C) + 32

feet/sec?
inches/sec?

X 3.281
X 39.37 =
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Multiply: by: to get: ‘ ‘Multiply: by: to get:

ENERGY OR WORK (Watt-second=joule=newton-meter)

foot-pounds X 1.3558 = joules(J) X 0.7376 = foot-pounds

calories X 4.187 = joules (J) X 0.2388 = calories

Btu X 1055 = joules (J) X 0.000948 = Btu

watt-hours X 3600 = joules (J) X 0.0002778 = watt-hours

kilowatt-hrs X 3.600 = megajoules (MJ) X 0.2778 = kilowatt-hrs

FUEL ECONOMY & FUEL CONSUMPTION

miles/gal X 0.42514 = kilometers/liter{km/I) X 2.3522 = miles/gal

Note:

235.2/(mi/gal) =liters/100km

235.2/(liters/100km) = mi/gal

PRESSURE OR STRESS

inches Hg (60F) X 3.377 = kilopascals (kPa) X 0.2961 = inches Hg

pounds/sqin. X 6.895 = kilopascals (kPa) X 0.145 = pounds/sqin

inchesH,O(60F) X 0.2488 = kilopascals (kPa) X 4.0193 = inches H20

bars X 100 = kilopascals (kPa) X 0.01 = bars

pounds/sq ft X 47.88 = pascals (Pa) X 0.02088 = pounds/sq ft

POWER )

horsepower X 0.746 = kilowatts (kW) X 1.34 = horsepower

ft-1bf/min X 0.0226 = watts (W) X 44,25 = ft-Ibf/min

TORQUE

pound-inches X 0.11298 = newton-meters (N-m) X 8.851 = pound-inches

pound-feet X 1.3558 = newton-meters (N-m) X 0.7376 = pound-feet

pound-inches X 0.0115 = Kilogram-meters (Kg-M) X 87 = pound-feet

pound-feet X 0.138 = kilogram-meters (Kg-M) X 7.25 = pound-feet

VELOCITY

miles/hour X 1.6093 = kilometers/hour{km/h) X 0.6214 = miles/hour

feet/sec X 0.3048 = meters/sec(m/s) X 3.281 = feet/sec

kilometers/hr X 0.27778 = meters/sec (m/s) X 3.600 = kilometers/hr

miles/hour X 0.4470 = meters/sec (m/s) X 2.237 = miles/hour

COMMON METRIC PREFIXES

mega (M) = 1,000,000 or 10° centi () = 0.01 or 1072

kilo (k) = 1,000 or 10° milli (m) = 0.001 or 107°

hecto (h) = 100 "~ or  10° micro () = 0.000,001 or 10°
Conversion chart courtesy Ford Motor Company.
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BOLT TORQUE BY GRADE

SAE Grade Number 1or2 5 8 Special Alloy*
Manufacturer's marks may
vary. Bolt grades up through
grade 8 are shown atright. l
Capscrew Diameter (inch) To 1/2—69,000 To 3/4—120,000 To 1—150,000 To 1—185,000
and Minimum Tensile To 3/4—64,000 3/4t01—115,000
Strength (psi) To 1—60,000
Bolt size & thread pitch Torque (foot-pounds) for plated bolts with clean, dry threads.
1/4-20 6 10 12 14
-28 7 12 15 17
5/16-18 13 20 24 29
-24 14 22 27 35
3/8-16 23 36 44 58
-24 26 40 48 69
7/16-14 37 52 63 98
-20 41 57 70 110
1/2-13 57 80 98 145
-20 64 90 110 160
9/16-12 82 120 145 200
-18 91 135 165 220
5/8-11 111 165 210 280
-18 128 200 245 310
3/4-10 200 285 335 490
-16 223 315 370 530
7/8-9 315 430 500 760
-14 340 470 550 800
1-8 400 650 760 1130
-14 460 710 835 1210

For lubricated threads, reduce torque values by the following amount: 45% when using anti-seize compound; 40%
with grease or heavy oil; 30% with graphite; or 25% with white lead. *Torque Values shown are for high nickle-
chrome alloy Bowmalloy cap screws. Other high-alloy cap screws may .not have the same values. Always use
manufacturer’s specifications if they do not agree with values listed in this chart.

DECIMAL EQUIVALENTS

0.0156—1/64
0.0312
0.0469—3/64
1/16—0.0625
0.0781—-5/64
0.0937
0.1094—7/54
2/16—0.1250
0.1406—9/64
0.1562
0.1719—-11/64
3/16—0.1875
0.2031—-13/64
0.2187
0.2344—15/64
4/16—0.2500

1/32

5/16

3/32

6/16

5/32

7/18

7/32

8/16

0.2656—17/64
0.2812
0.2969—19/64
—0.3125
0.3281—21/64
0.3437
0.3594—-23/64
—0.3750
0.3906—25/64
0.4062
0.4219—-27/64
—0.4375
0.4531—-29/64
0.4687
0.4844—-31/64
—0.5000

9/32

11/32

13/32

15/32

9/16—

10/16—

11/16—

12/16—

0.5156—33/64

0.5312 17/32 0.7812 25/32
0.5469—35/64 0.7969—-51/64
0.6625 13/16—0.8125
0.5781—-37/64 0.8281—53/64
0.56937 19/32 0.8437 27/32
0.6094—39/64 0.8594—55/64
0.6250 14/16—0.8750
0.6406—41/64 0.8906—57/64
0.6562 21/32 0.9062 29/32
0.6719—43/64 0.9219—-59/64
0.6875 156/16—0.9375
0.7031—45/64 0.9531—-61/64
0.7187 23/32 0.9687 31/32
0.7344—47/64 0.9844—-63/64
0.7500 16/16—1.000

0.7656—49/64

Chart courtesy Acme Rivet & Machine Corp.
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A
AP Racing 26, 28, 30
actuating system 5, 85
adjusters, automatic 22, 121
aerodynamic braking 82
aerodynamic drag 9, 82
aerodynamic modifications 147
air brake, see pneumatic brakes
air ducts 139
air-pressure gage 113, 142
Airheart, Frank 31
Alfa Romeo 20, 22
Alston Industries 31
anti-skid control 58 - 59

ATE 58, 59

Bosch 58, 59

Chrysler 58

Delco 58

Ford 58

GM 58

Honda 58

Kelsey-Hayes 58

Mercedes 58

Mitsubishi 58

Porsche 58
Auto Union 20
arcing 21, 41, 134
asbestos 36, 41, 134, 150

B
backing plate 15, 20
backing-plate modifications 147
balance bar 6, 50, 74, 100, 114, 160-162
adjustable 74, 100, 161
Neal Products 75
Tilton Engineering 75
Winter Performance 75
bedding in 40
bellmouthing 19
Bendix 15, 79
Bignotti, George 104
bleeder screw 49, 52, 123, 127, 164
bleeding 123
bonded lining 37
booster 77, 135, 154
ATE T-50 153, 154
air-suspended 79
Bendix Hydro-Boost 81
Girlock LLSC 50 77
hydraulic 80
Master-Vac 79
tandem 79
Brabham 28
brake adjustment 22, 121
brake balance 14, 54, 74, 114, 152, 160
brake components, AP Racing 137
brake design 88-103
brake drum 4, 18, 146

Al-Fin 19, 146
bi-metallic 18
Buick 146

brake effectiveness 118
brake fade 14, 25
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brake fluid 42, 63
brake history 6 - 7
brake hose, Aeroquip 61
brake line, Bendix 61
brake lining 5, 15, 21, 34
brake pads 5, 22, 32
brake pedal 5, 66-76
brake shoe, aluminum 20
brake shoes 4, 15, 21
brake testing 104
brake torque 55, 93
brake warning-light switch 59
brakes
diagonally split system 45, 48, 56, 161
hydraulic 6
inboard 98
mechanical 6, 87
British Thermal Units (BTU) 8
C
C & D Engineering Supply Ltd. 63
CRC Disc Brake Quiet 136
caliper 5, 28, 52,97, 156
AP Racing 161
Bendix 52
bridge 30, 162
Corvette 95
fixed 28
flexing 30, 106, 162
floating 28
hinged 29
Hurst/Airheart 100, 145
JFZ Engineered Products 156
mounting 32
piston 30, 52
Lockheed 53
Camaro 83
Can-Am McLaren 140
Can-Am Porsche 139
center of gravity (CG) 8, 13, 92
center of pressure 93
changeover pressure 54, 74
Chaparral 84, 85
charts
Brake Test Data Sheet 109
CG location 93
Chrysler Imperial 24
Chrysler hemi 19
combination valve 60
compensating port 46
composite drum 19
composite rotor 27 - 28
control valve 79
cooling improvements 139-147
Corvair 145
Corvette 29, 33, 36, 146, 148
Corvette GTP 4
Crosley 7
cup expander 47, 51
cup-type seal 46
cutting brake 87
cutting brake, Ja-Mar 87

D
deceleration 11
decelerationtest 112, 116
decelerometer, AMMCO Tools Inc. 112
deflection reduction 162-165
Department of Transportation (DOT) 64
design criteria 88 - 90
disc brake 4, 5, 23-33
mechanical 6
disc-brake rotor 5, 23, 25, 96, 132
discard diameter 134
discard thickness 132
displacement fluid 44
dog drive 25
drag 9, 82
drag coefficient 83
drilling drums 149
drilling rotors 26, 148
drum brake 4, 15-22, 40
duo-servo 16 -17
external 5
shoe 4, 15, 21
Duesenberg 6, 7
dust shield, modifying 146
Dwyer Instruments 113
dynamometer 104 - 105
E
Eagle Indy Car 73
Edwards, Wally 146
effective piston area 99
effective piston diameter 99
effective radius 99, 158
energy 7-11
kinetic 8, 96, 105
potential 9

F
factor of safety 68, 91
fade 14, 25, 148
fatique 27
fittings 62-63
flare 62
fluid 42, 63-65
boiling 63
glycol-based 63, 129
silicone 63, 65, 129
fluid-inlet port 46
fluid-level indicator 60
Ford Motorsport 56
Formula | car 156
Formula Ford 138
friction4, 7 -8, 34
friction 35
friction coefficient 8, 11, 34
friction force 34
friction material 4, 34-41
Bendix EDF 40
Ferodo DS11 39, 40, 41
Hardie-Ferodo 1103 39
Hardie-Ferodo Premium 40
Hardie-Ferodo DP11
Raybestos M19 39, 40




Raybestos 5191 40
Raybestos 5262 40
frontal area 83

G
Girling 51
Girlock 21
glaze 41
Goodyear 53
graphs
Aerodynamic Drag vs. Speed 84
Deceleration vs. Aerodynamic
Downforce 116
Drum Brake Servo Action 158
Fluid Pressure vs. Proportioning
Valve Settings 57
Fluid Pressure vs. Pedal Effort
with Booster 81
Fluid Pressure with AP Racing
Proportioning Valve 55
Fluid Pressure with Kelsey-Hayes
proportioning valve 56
Fluid Pressure with AP Racing
proportioning valve 55
Front vs. Rear Pressure with Pressure
Limiting Valve 57
Glycol Brake Fluid Boiling Point 63
Ideal Front vs. Rear Fluid Pressure 56
Pedal Effort vs. Lining Friction
Coefficient 17
Pedal Effort vs. Master-Cylinder
Diameter 151
Pedal Effort/ATE Boosters 154
Rear Fluid Pressure for Maximum
Deceleration 54
Rear Fluid Pressure with Proportioning
Valve 54
gravity force (g’s) 11, 91
green fade 40
grip 35, 92
grooving rotors 148
groving linings 150

H

HPBooks 86
hand-operated brakes 87
hard lining 37

hat 25, 97

heat 8

heel drag, 129

Honda 131

Honda Civic 57

hone 129

hoses 60, 122, 162

How ro Make Your Car Handle 165
Howe 50

hydraulic brake 6

hydraulic system 42-65
hydraulic tubing 61-62, 123
hydroscopic 64

Hurst 163

Hurst/Airheart 32

1

IMSA road racer 95
Indy Car 39, 50, 95, 144
inertia 12

inertia force 12, 91
input piston 45

J

JFZ 7, 25,29, 33,163
Jaguar 7

K

kinetic energy 8, 96

L
Lancia Monte Carlo GP 5 Turbo 28
leading shoe 16, 52
Lee, Geoff 116
LeMans 7
Lincoln Mark VII 58, 59
lining 5, 15, 21, 34
metallic 35
molded 36
organic 35
replacement 131
semimetallic 37
Long Beach 37

M
MG 5
March Indy Car 23, 141
master cylinder 6, 46, 101, 128, 151
Airheart 50
fast fil149, 50
Girling 46
Howe 65
Hurst/Airheart 47
tandem 48
master-cylinder bail 48
master-cylinder ports 46
mechanical advantage 69
mechanical brake 6
Mercedes 300SLR 82, 84
Mercury 159
metering valve 53-54
minimum-wear thickness 132
Monroe, Tom 86
Monza 86
multi-disc brake 22, 86

N

NACA duct 115, 140, 141, 142
noncircular piston 31, 99
normal force 34

(0]

O-ring seal 53

Omega Engineering, Inc. 106, 110, 111
Omega Label 110

operating pressure, 99

output piston, 45

P

pad backing plate 32

pad, brake 5, 22, 32

parking brake 30, 122, 135

pedal 66, 99, 135, 163
arm 66
bracket 72, 102, 163
design 66, 91, 99, 163
effort 17, 68, 101, 150
floor-mounted 73
hanging 66, 73
linkage 5, 66,99, 102, 135
pad 67
pivot 69
ratio 68, 101, 159
stop 76
pedal-and-bracket assembly
Tilton Engineering 72
Neal Products 72
pedal bracket, Neal 102
perpendicular force 34
Peugeot 6
Phoenix International Raceway 23, 96
pneumatic brakes 6, 85
potential energy 9
power assist 77 - 81
power booster 77
power chamber 78
pressure 42, 78, 99
pressure bleeding 124
pressure-limiting valve 57
primary piston 48
primary shoe 16
proportioning valve 54, 100, 161
AP Racing 55
adjustable 55, 74, 100, 161
Alston Performance Brakes 161
Chevrolet 161
Chrysler 56
Corvette 56
Direct Connection 161
Ford 56, 161
Kelsey-Hayes 161
Porsche 56, 161
Tilton Engineering 160
puck 5
pushrod, adjustable 81
pyrometer 105, 110
AP Racing 106
Nationwide Electronic Systems 111
Omega Engineering 106, 110
Tilton Engineering 106, 110

R
regenerative braking 9
reservoir 50
residual-pressure valve 47
return spring 21, 76
Riverside Raceway 34
riveted lining 37
Road & Track magazine 28
rollback 50
rolling drag 82
rolling radius 94, 158
rotor surfacing 132
rotor

composite 27 - 28
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discard thickness 132, 133
Hurst 96
graphite 27
JFZ 96
Sphericone 26
Tilton 96
Wilwood 96
runout point 81

S

Safety Braker 59

safety factor 68, 91

San Angelo, Texas 53

scoops 39

secondary piston 48

secondary shoe 16

servo action 16, 159

shear 27

Simpson Safety Equipment Co. 85

sintering 37

sliding caliper 29

sliding friction 35, 54

Sneva, Tom 104

Society of Automotive Engineers (SAE)
63, 64

soft lining 37, 150

specific heat 8

splash shield 32

spot brake 24

squeal 136

stability 165

static friction 35, 54
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stock-car brake 40

stoplight switch 59

stress, thermal 27

swept area 18, 26, 96

Stainless Brakes Corporation 131
Super Vee 39

suppliers list 169 -170

T
tables
Bolt Torque
Brake-Fluid Boiling Point 64
Decimal Equivalents 173
Master-Cylinder Size vs. Piston Area
101
Melting Temperature 9
Metric Equivalents 171 - 172
Pedal Effort vs. Brake Type and Friction
Coefficient 17
Performance Specifications 90
Power to Brakes 105
Total Caliper Piston Area 99
Typical Swept Areas per Ton of Vehicle
Weight 28
Talbot 18
taper wear 119, 164
temperature indicator
AP Racing 111
Omega Engineering 110
Tempil 110
temperature rise 10, 95
temperature tests 105, 110

Tempilabel 110

test track 106, 113

thermal stress 27
thermocouple 105, 111

Tilton Engineering 55, 56, 163
tire friction 35, 54, 92
toppling blocks 113, 117
trailing shoe 16
trouble-shooting 135, 166

Trouble-Shooting Guide 166 - 168

U
unbalanced force 11

\Y%

VW Rabbit 90

vacuum bleeding 125

vacuum suspended booster 79
vented rotor 26, 97, 144
vented wheel 144

W

water-cooling 147

wear reduction 159

wear test 119

weight transfer 13

wheel 144

wheel cylinder 15, 22, 51, 129
wool-tuft testing 140

WREP Industries 63

White Post Restorations 129
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HP Automotive Books

Basic Handbook Series

Baja Bugs & Buggies—Hibbard $9.95
Brake Handbook—Puhn 12.95
Clutch & Flywheel Handbook—Monroe 12.95
How To Make Your Car Handle—Puhn 9.95
Metal Fabricator’'s Handbook—Fournier 12.95
Off-Road Handbook—Waar : 9.95
Paint & Body Handbook—Taylor & Hofer 9.95
Turbochargers—Maclnnes 12.95
Turbo Hydra-matic 350 Handbook— Sessions 14.95
Welder’s Handbook—Finch & Monroe 12.95
Carburetors
Holley 2300—Urich $4.95
Holley 4150—Urich 5.95
Holley 5200— Urich 4.95
Holley Carbs & Manifolds—Fisher & Urich 12.95
Rochester Carburetors—Roe & Fisher 10.95
Engine Hotrod & Rebuild Series
How To Hotrod Big-Block Chevys—Fisher & Waar $10.95
How To Hotrod Small-Block Chevys— Fisher & Waar 9.95
How To Hotrod VW Engines—Fisher 9.95
How To Hotrod Your 2.0-Liter OHC Ford—Vizard 12.95
How To Modify Your Nissan/Datsun OHC Engine—Honsowetz 12.95
How To Rebuild Your Big-Block Chevy—Wilson 9.95
How To Rebuild Your Big-Block Ford—Christ 9.95
How To Rebuild Your Ford V8—351C-351M-400-429-460—Monroe 9.95
How To Rebuild Your Honda Car Engine—Wilson 9.95
How To Rebuild Your Nissan/Datsun OHC Engine—Monroe 12.95
How To Rebuild Your Small-Block Chevy—Vizard 9.95
How To Rebuild Your Small-Block Ford—Monroe 9.95
How To Rebuild Your Small-Block Mopar—Taylor & Hofer 9.95
Two-Stroke Tuner’'s Handbook—Jennings 5.95

Special Interest

American Supercar—Huntington $9.95
Auto Racing/USA 1985—Anlon Press (hc) 39.95
Auto Racing/USA 1984—Anlon Press (hc) 39.95
Auto Racing/USA 1983—Anlon Press (hc) 39.95
Camaro, From A Through Z-28—Lamm (hc) 19.95
Camaro, The Third Generation—Lamm (hc) 19.95
Fabulous Firebird—Lamm (hc) 19.95
Superbikes—Caddell & Winfield 9.95
The Newest Corvette—Lamm (hc) 24.95

(hc) = hardcover

All other books are paperback.

Books are available at your local bookstore, auto store or order direct from the publisher. Send check or money order
payable in U.S. funds to:

HPBooks, Inc., P.O. Box 5367, Dept. BRK-46, Tucson, AZ 85703

Include $1.95 postage and handling for first book; $1.00 for each additional book. Arizona residents add 7% sales tax.
Please allow 4-6 weeks for delivery. Prices subject to change without notice.



Mark Selix bleeds brakes on Protofab-constructed
Trans-Am Capri, page 123. Photo by Tom Monroe.

Corvette digc-brake pads being tested to destruction on Girlock dynamometer, page 105. Photo aul Miller braking hard for kink in 944 Turbo Porsche at
courtesy Girlock Ltd. Firebird Lake Trans-Am race. Photo by Tom Monroe.

ARNIDYRAOANLK

How to bleed your street-car brakes or design a complete race-car brake
system. Drum and disc brakes are covered in detail. Why the designers did what
they did.

Details friction material —organic, semimetallic and metallic, and hard and
soft. How each affects pedal effort, stopping force and wear. How to test to
determine which is best for street or track.

Covers pedal and hydraulic-system design. How to modify your existing

brakes or design the latest racing-brake system. SRR : il 2 s
The most comprehensive and useful book on brakes available anywhere at TAG Mclaren twin-caliper setup gets maximum
any price! Includes brake-hardware manufacturers and suppliers. workout on city streets such as Detroit GP circuit. Photo

by Tom Monroe.

$12.95

ISBN 75478"62328

U-&9586=d3e-0a



