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Chapter 32: Disc Brake System 

Chapter 32
Disc Brake System
NATEF Tasks
Brakes
General Brakes Systems

• Describe procedure for performing road test to check brake system operation, including an anti-lock brake system (ABS). MLR, AST, MAST (p 1071)

• Identify and interpret brake system concern; determine necessary action. AST, MAST              (p 1071–1072)

Hydraulic System
• Diagnose poor stopping, pulling, or dragging concerns caused by malfunctions in the hydraulic system; determine necessary action. AST, MAST (p 1072)

Disc Brakes

• Diagnose poor stopping, noise, vibration, pulling, grabbing, dragging or pulsation concerns; determine necessary action. AST, MAST (p 1072)
• Remove and clean caliper assembly; inspect for leaks and damage/wear to caliper housing; determine necessary action. MLR, AST, MAST (pp 1072–1075)
• Clean and inspect caliper mounting and slides/pins for proper operation, wear, and damage; determine necessary action. MLR, AST, MAST (pp 1075–1076)
• Check brake pad wear indicator; determine necessary action. MLR, AST, MAST                     (pp 1075–1077)
• Remove, inspect, and replace pads and retaining hardware; determine necessary action. MLR, AST, MAST (p 1077)
• Lubricate and reinstall caliper, pads, and related hardware seat pads and inspect for leaks. MLR, AST, MAST (pp 1078–1080)
• Retract and readjust caliper piston on an integrated parking brake system. MLR, AST, MAST (pp 1080–1081)
• Clean and inspect rotor, measure rotor thickness, thickness variation, and lateral runout; determine necessary action. MLR, AST, MAST (pp 1082–1084)
• Remove and reinstall rotor. MLR, AST, MAST (pp 1084–1086)
• Refinish rotor on vehicle; measure final rotor thickness and compare with specifications. MLR, AST, MAST (pp 1086–1088)
• Refinish rotor off vehicle; measure final rotor thickness and compare with specifications. MLR, AST, MAST (pp 1087–1090)
• Inspect and replace drive axle wheel studs (NATEF, Drive axles). MLR, AST, MAST             (pp 1091–1093)
• Install wheel and torque lug nuts (NATEF, drum brakes). MLR, AST, MAST (pp 1091–1095)
• Describe importance of operating vehicle to burnish/break-in replacement brake pads according to manufacturer’s recommendations. MLR, AST, MAST (pp 1091–1095)
Knowledge Objectives
1.
Describe the components of the disc brake system. (pp 1058–1060)
2. 
Describe how the components of the disc brake system work together during braking operations. (pp 1058–1059)
3.
Describe the advantages and disadvantages of the disc brake system. (pp 1059–1060)
4.
Describe the purpose of disc brake calipers. (pp 1060–1063)
5.
Describe the components of disc brake calipers. (pp 1061–1063)
6.
Describe the purpose of disc brake pads. (pp 1063–1067)
7.
Describe the principle of the coefficient of friction and how it affects brake lining materials. (pp 1064–1067)
8.
Describe the components that are employed to prevent noise in disc brakes. (pp 1066–1067)
9.
Describe the types of wear indicators for disc brakes. (pp 1067–1068)
10.
Describe the purpose of disc brake rotors. (pp 1068–1069)
11.
Describe the types of disc brake rotors. (p 1069)
12.
Describe how the parking brake system operates in a disc brake system. (pp 1070–1071)
13.
Describe the types of parking brakes in a disc brake system. (pp 1070–1071)
14.
Describe the process of diagnosing issues with a disc brake system. (pp 1071–1095)
Skills Objectives
1.
Remove and inspect the caliper. (pp 1072–1075)
2.
Inspect caliper mountings, slides, and pins. (pp 1075–1076)
3.
Inspect brake pads and wear indicators. (pp 1075–1077)
4.
Check the brake pads. (p 1077)
5.
Disassemble the caliper. (pp 1077–1078)
6.
Reassemble the caliper. (pp 1078–1080)
7.
Retract and readjust the piston on an integrated parking brake. (pp 1080–1081)
8.
Inspect and measure the disc brake rotor. (pp 1082–1084)
9.
Remove and reinstall the disc brake rotor. (pp 1084–1086)
10.
Refinish the disc brake rotor while it is on the vehicle. (pp 1086–1088)
11.
Refinish the disc brake rotor while it is off the vehicle. (pp 1087–1090)
12.
Inspect and replace wheel studs. (pp 1091–1093)
13.
Install a wheel, torque lug nuts, and make final checks and adjustments. (pp 1091–1095)
Readings and Preparation

Review all instructional materials, including Chapter 32 of Fundamentals of Automotive Technology: Principles and Practice, and all related presentation support materials.
Support Materials

• Lecture PowerPoint presentation

• Skill Drill PowerPoint presentations

Direct students to visit the companion website to Fundamentals of Automotive Technology: Principles and Practice, at www.cdxauto.com/CW/Fundamentals.
Pre-Lecture 

You are the Automotive Technician

 “You are the Automotive Technician” is a progressive case study that encourages critical-thinking skills.
Instructor Directions

Direct students to read the “You are the Automotive Technician” scenario found at the beginning of Chapter 32.

•
You may wish to assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions.

•
You may also use this as an individual activity and ask students to turn in their comments on a separate piece of paper.

Lecture
I. Introduction

A.
Disc Brakes Use Friction to Create Braking Power.
B.
Disc Brakes Create Braking Power by Forcing Flat Friction Pads Against the Sides of Rotating Discs

1.
Effective at creating substantial braking power by using a fairly simple design that’s easy to service and repair
2.
Operate on same principal as all friction brakes

a.
Generate stopping power by applying friction materials to moving surfaces

i.
Transforms kinetic energy into heat energy
C.
Higher Applied Forces can be Used in Disc Brakes than in Drum Brakes, because the Design of the Rotor is Stronger than the Design of the Drum.

II. Disc Brake System

A.
Modern Passenger Vehicles Almost Always Equipped with Disc Brakes on at least the Front Two Wheels.
1.
Rotor

a.
Main rotating part of brake system

2.
Caliper

a.
Straddles rotor and houses disc brake pads and activating pistons

3.
Brake pads

a.
Located inside caliper or caliper mounting bracket

B.
Disc Brakes Can be Used on All Four Wheels of Vehicle or Combination of Brake Types Can be Used
1.
When brake pedal is depressed, pushrod transfers force through brake booster to hydraulic master cylinder

a.
Master cylinder converts pedal force into hydraulic pressure, which is transmitted to pistons at each brake caliper

b.
Hydraulic pressure is then transmitted via brake lines and hoses to one or more pistons at each brake caliper


i.
Pistons operate on friction pads to provide clamping force on a rotor that is attached to wheel hub.

ii.
Rotors are free to rotate with the wheels due to wheel bearings and the hubs that contain them.

iii.
The hub can be part of the brake rotor or a separate assembly that the rotor slips over and is bolted to by the lug nuts.

2.
Brake caliper assembly normally bolted to vehicle axle housing or suspension

a.
Some high-performance cars with independent rear suspension (IRS) use inboard disc brakes on rear wheels

3.
Disc brake pads require much higher application pressures to operate than drum brake shoes because they are not self-energizing

a.
Brake pedal travel lengthened to move additional fluid being displaced by larger caliper pistons

i.
Overcome problem by equipping with power booster

ii.
Top hat design

C.
Advantages of Disc Brakes Over Drum Brakes Outweigh Disadvantages

1.
Generate and transfer greater amounts of heat to atmosphere

2.
Cooling is more rapid

a.
Better suited for high performance driving

b.
Heavy-duty vehicles

c.
Reduces the likelihood of brake fade

3.
Rotors scrape off water more effectively

4.
Self-adjusting and don’t need periodic maintenance

5.
Easier to service

D.
Disadvantages of Disc Brakes Over Drum Brakes

1.
Much more prone to noise (squeal and squeaks)

2.
Rotors warp easier

3.
Not self-energizing, so need higher clamping forces

4.
Hard to use as effective parking brakes

III. Disc Brake Calipers

A.
Disc Brake Caliper Assembly Bolted to Vehicle Axle Housing (Steering Knuckle) and Clamps Brake Pads onto Rotors to Slow Vehicle
1.
Fixed calipers

a.
Rigidly bolted in place

b.
Cannot move or slide

2.
Two types of calipers: sliding or floating

a.
Most common type

b.
Easier to build

c.
More compact

3.
All calipers fitted with bleeder screw

a.
Allows for removal of air within disc brake system

b.
Helps perform routine brake fluid change

4.
When the brakes are applied, hydraulic pressure forces the piston toward the rotor.
a.
Takes up any clearance
b.
Pushes pad into rotor
5.
Once all clearance is taken up on outer brake pad, clamping force will increase equally on both brake pads, applying brakes.
6.
Square cut O-ring seals the piston in disc brake calipers

a.
Compressed between piston and caliper housing

b.
Keeps high-pressure brake fluid from leaking out

c.
Prevents air from being drawn into system

7.
Low-drag calipers are designed to maintain larger brake pad-to-rotor clearance

a.
Use quick take-up or fast fill master cylinder to maintain adequate brake pedal reserve height

8.
Primary sealing surface is outside diameter of piston

a.
Gives surface corrosion-resistant finish

b.
Make pistons out of phenolic resin to deal with corrosion

c.
Dust boot can seal surface of piston

9.
Although the phenolic pistons themselves do not corrode, the cast iron bore of the caliper does corrode and rust.

a.
Can cause a phenolic piston to seize in the bore
10.
Phenolic pistons transfer heat slower than steel pistons
a.
Helps prevent boiling of the brake fluid
11.
Floating calipers are mounted in place by guide pins and bushings

a.
Allow caliper to move in and out as brakes are operated and wear

b.
Bushings must be lubricated with high-temperature, waterproof disc brake caliper grease

i.
Prevents from binding and sticking

c.
Floating calipers are mounted in place by guide pins and bushings.

12.
Sliding calipers slide in caliper mount and are held in place by spring steel clip bolted to caliper mount

IV. Disc Brake Pads and Friction Materials

A.
Disc Brake Pads Consist of Friction Material Bonded or Riveted onto a Steel Backing Plate
1.
Bonded linings

a.
Common on light-duty vehicles

b.
Less expensive to build

2.
Riveted linings

a.
Used on heavier-duty or high-performance vehicles
3.
Backing plate has lugs that correctly position pad in the caliper assembly and help the backing plate maintain the proper position to the rotor
4.
Disc brakes usually designed so thickness of pads can be checked easily once wheel has been removed

5.
Most disc brakes allow pads to be replaced with minimum disassembly

B.
Friction is the Force That Acts to Prevent Two Surfaces in Contact from Sliding Against Each Other

1.
Amount of friction is expressed as a ratio

a.
Coefficient of friction

2.
Kinetic energy (motion) of sliding surfaces is converted into thermal energy (heat)

3
The composition of the friction material affects brake operation

a.
Materials that provide good braking with low pedal pressures tend to lose efficiency when they get hot


i.
Wear out quicker

b.
Materials that maintain a stable friction coefficient over a wide temperature range


i.
Generally require higher pedal pressures


ii.
Tend to put added wear on the disc brake rotor

4.
Disc brake pads and drum brake linings made from materials that have moderate coefficient of friction
5.
Brake friction materials historically made from asbestos compounds because of its excellent heat resistance

a.
Asbestos now generally banned
b.
Non-asbestos organic (NAO) materials: Kevlar and carbon

c.
Low-metallic NAO materials: small amounts of copper, steel, and NAO materials

d.
Semimetallic materials: higher quantity of steel, copper, and/or brass

e.
Ceramic materials: ceramic fiber and small amount of copper 

6.
Optimum brake composition is combination of weighted qualities

a.
Stopping power

b.
Heat absorption and dispersion

c.
Resistance to fade

d.
Recovery speed from fade

e.
Wear rate

f.
Performance when wet

g.
Operating noise

h.
Price 

7.
Society of Automotive Engineers (SAE) has letter codes to rate brake lining materials’ coefficient of friction (edge code)

a.
C: ≤0.15

b.
D: 0.15–0.25

c.
E: 0.25–0.35

d.
F: 0.35–0.45

e.
G: 0.45–0.55

f.
H: >0.55

g. 
Z: Unclassified 

8.
Lining tested both hot and cold

9.
Rating two-letter designation

a.
First letter: cool performance

b.
Second letter: hot performance

C.
Disc Brakes are More Prone to Squealing than Drum Brakes Due to Vibrations Between Brake Pad and Rotor

1.
Caused by vibrations between brake pad and rotor

2.
Shims and spring-loaded clips help reduce squealing

3.
Anti-noise measures
a.
Use softer linings with higher coefficient of friction

b.
Add brake pad shims and guides

c.
Use springs to hold pads in place

d.
Contour and groove the lining material

e.
Incorporate bendable tangs on brake pad backing plate

f. 
Technicians can apply noise-reducing compounds to brake pads

V. Wear Indicators 

A.
As Not All Manufacturers Provide a Means of Notifying Driver That Brake Pad Linings are Worn, It’s Important to Inspect Brakes at Regular Intervals
1.
Spring steel scratchers are mechanically operated wear indicators.

2.
Warning lamps or messages on the dash can alert drivers to worn brake pad linings

VI. Disc Brake Rotors

A.
The Brake Disc or Rotor is the Main Rotating Component of Disc Brake Unit
1.
Rotors must be able to withstand high temperatures

2.
Rotors usually made of cast iron

3. 
Two-part rotor with cast iron disc and stamped steel center hat

a.
Composite rotor

4.
Rotors can fail in two ways

a.
Parallelism: very critical, pulsation of brake pedal and surging of vehicle while braking

b.
Lateral runout: warpage, side-to-side movement of rotor surfaces as rotor turns

5.
Dust shields help to shield the rotor from dust, water, and debris.
6.
Rotors can be solid or ventilated

a.
Solid rotors are less expensive and usually found on smaller vehicles

b.
Ventilated rotors are used to improve heat transfer to atmosphere

c.
Some ventilated rotors are directional, meaning they are designed to force air through the rotor in one direction only.
d.
Some rotors are slotted and drilled


i.
Better dissipation of heat

ii.
Better removal of water from the surface of the pads
7.
Holes or slots in the rotor’s surface help dissipate heat and remove water

8.
Most disc brake rotors have minimum thickness specs stamped or cast on them

9.   Worn rotors cannot absorb as much heat and therefore are subject to brake fade much sooner.
VII. Parking Brakes

A.
Parking Brakes are Designed to Hold Vehicles Stationary When Parked
1.
Manufacturers are required to design vehicle so parking brake holds vehicle on a specified grade in both directions

2.
Must be separately active from the service brake

3. 
Must be able to mechanically latch it into applied position

a.
Foot or hand operated

4.
Two types of parking brakes

a.
Integrated parking brake caliper forces the disc brake piston outward, forcing pads to clamp rotor when parking brake is applied

b.
Top hat drum style gets its name from shape of the rotor, which has a deeper offset than normal, giving appearance of a top hat

5.
Electric parking brakes are being used on some vehicles and use an electric motor to apply disc brake assemblies

a.
Electric motor can pull on a conventional parking brake cable

b.
Electric motor can be mounted on caliper and directly drive caliper piston

6.
Electric parking brake can be automatically released by vehicle’s electronic control module (ECM)

VIII. Diagnosis

A.
Disc Brake Diagnosis Starts with Understanding Customer’s Concern by Communicating Directly
1.
Diagnosis of any problem must identify all issues that might prevent brakes from operating as they should
2.
Tools that are used to diagnose and repair
a.
Brake lining thickness gauges measure thickness of brake lining

b.
Brake wash station cleans drum and disc brake dust

c
Caliper piston pliers grip caliper pistons when removing them

d.
Disc brake rotor micrometer measures thickness and parallelism of rotors

e.
Dial indicator measures lateral runout (side to side) of rotor

f.
Parking brake cable pliers used to install parking brake cables

g.
Caliper piston retracting tool used to retract caliper pistons with integrating parking brakes

h.
C-clamp used to push pistons back into caliper bore on nonintegrated parking brakes

i.
Off-car brake lathe used to machine drums and rotors that are off vehicle

j.
On-car brake units used to machine rotors that are on vehicle

k.
Caliper dust boot seal driver set consists of driver and variety of adapters used to install various sizes of dust boot seals

B.
To Diagnose Poor Stopping, Noise, Vibration, Pulling, Grabbing, Dragging, or Pulsation Concerns, and Determine Necessary Actions, Follow These Steps

1.
Verify the customer concern by operating the vehicle if safe to do so.

2.
Remove and inspect calipers

a.
Necessary for replacing brake pads on most vehicles

b.
Allows access for machining

3.
Inspect caliper mountings, slides, and pins

4.
Inspect brake pads and wear indicators

a.
Scratcher type or sensor type

b.
Possible vehicle doesn’t incorporate any wear indicator system

5.
Check brake pads

a.
Removing brake pads is most thorough way to inspect brake pads

6.
Disassemble calipers

a.
Diagnose brake system concern related to one or more calipers

b.
Need to be disassembled if they are to be cleaned and rebuilt

7.
Reassemble calipers

a.
Requires patience and attention to detail

b.
Ask technician to show you balloon technique

8.
Retract and readjust pistons on an integrated parking brake

a.
Tool mates to slots, grooves, or holes in outer face of piston

9.
Inspect and measure disc brake rotors

a.
Thickness, lateral runout, and thickness variation must all be within specs for rotor to function properly

10.
Remove and reinstall rotors

a.
Removing rotor is usually required when rotor needs to be replaced

b.
Designed to be mounted either hub style or hubless style

11.
Refinish rotors

a.
Necessary when rotors have excessive runout, thickness variation, or grooving

b.
Can be refinished either on or off the vehicle

i.
On-vehicle refinishing is preferable

ii.
Major difference between on- and off-vehicle refinish is the setup

12.
Inspect and replace wheel studs

a.
Necessary when wheel studs have been damaged or broken off

b.
Two primary methods of replacing lug studs are drawing-in method and hydraulic press method

i.
Drawing-in method uses lug nut to draw in wheel stud by inserting new stud into wheel stud hole in flange

ii.
Hydraulic press method uses press to force wheel stud into flange until it bottoms out

(a) Hub and flange must be removed from vehicle

13.
Install wheels, torque lug nuts, and make final checks

a.
Fairly simple step that can result in problems if not done properly
XI. Summary

A.
Disc brakes create braking power by forcing flat friction pads against the outer faces of a rotor.

B.
The vehicle’s kinetic energy is transformed into heat energy by the disc brake components, which slow the vehicle when applied.

C.
Disc brake assemblies consist of a caliper, brake pads, and a rotor. 

D.
Caliper pistons use hydraulic pressure to create a clamping force of the brake pads to the faces of the rotor.

E.
Disc brake pads require much higher application pressures to operate than drum brake shoes because they are not self-energizing.

F.
Advantages of disc brakes over drum brakes: more effective at transferring heat to atmosphere, self-adjusting, resistant to water fade, and easier to service.

G.
Disadvantages of disc brakes compared to drum brakes: more prone to noise, more prone to pedal pulsations due to warpage, and more difficult to use as an emergency brake.

H.
Disc brake calipers come in two main styles: fixed and floating/sliding.

I.
In disc brake calipers, the piston is sealed by a square cut O-ring.

J.
Floating/sliding calipers require clean and lubricated pins, bushings, or guides for proper operation.

K.
Brake pad lining is either riveted or bonded to the pad backing plate.

L.
Brake pad lining is available in a variety of materials with varying amounts of coefficient of friction. 

M.
Brake pads may use shims, spacers, guides, and bendable tangs to help minimize squealing.

N.
Brake pad wear indicators, if used, can be of the mechanical or electronic type.

O.
Rotors rotate with the wheels and are usually made of durable cast iron with friction surfaces that run true and parallel.

P.
Brake rotors can be solid or ventilated.

Q.
Disc brake parking brakes can be of the integrated caliper style, top hat drum style, electric pull-cable style, and the integrated electric motor caliper style.

R.
Diagnosing brake faults requires good information from the customer, an adequate test-drive when possible, and a good understanding of brake theory. 
Post-Lecture 
This section contains various student-centered end-of-chapter activities designed as enhancements to the instructor’s presentation. As time permits, these activities may be presented in class. They are also designed to be used as homework activities.

ASE-Type Questions
This activity is designed to assist the student in gaining a further understanding of and familiarity with ASE-type questions.
Instructor Directions

1.
Direct students to read and individually answer the “ASE-Type Questions” located at the end of Chapter 32. Allow approximately 10 minutes for this part of the activity.
2.
Facilitate a class review and dialogue of the answers, allowing students to correct responses as may be needed. Use the quiz question answers noted below to assist in building this review. 

3.
You may wish to ask students to complete the activity on their own and turn in their answers on a separate piece of paper.
Answers to ASE-Type Questions
1. Tech A says that disc brakes operate on the principle of friction. Tech B says that disc brakes operate on the principle of regeneration. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: a

2.
Tech A says that some vehicles use fixed calipers. Tech B says that some vehicles use sliding/floating calipers. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: c

3. 
Tech A says that disc brakes require higher application pressures than drum brakes. Tech B says that disc brakes are self-energizing. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: a

4. 
Tech A says that fixed calipers use one or more pistons only on one side of the rotor. Tech B says that sliding/fixed calipers use one or more pistons on both sides of the rotor. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: d

5. 
Tech A says that calipers use a round section O-ring to seal each piston. Tech B says that calipers use a square section O-ring to seal each piston. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: b

6.
Tech A says that pistons plated with chrome resist rust. Tech B says that pistons made of phenolic resin do not corrode and rust. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: c

7. 
Tech A says that some vehicles are equipped with a spring-steel brake pad wear indicator that drags on the rotor when the lining thickness is low. Tech B says that some vehicles are equipped with an electric brake pad wear sensor that activates a warning on the dash. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: c

8. 
Tech A says that rotors should be measured for thickness variation (parallelism). Tech B says that rotors should be measured for lateral runout. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: c

9.
Tech A says that rotors that are too thin cannot handle as much heat and will experience brake fade sooner. Tech B says that brake pedal pulsation is the result of air in the hydraulic system. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: a

10. Tech A says that a micrometer is used to measure rotor thickness variation. Tech B says that a micrometer is used to measure rotor lateral runout. Who is correct?

a. Tech A


b. Tech B


c. Both A and B


d. Neither A nor B

Answer: a
Assignments 
A.
Review all materials from this lesson and be prepared for a lesson quiz to be administered (date to be determined by instructor).

B.
Direct students to read the next chapter in Fundamentals of Automotive Technology: Principles and Practice as listed on your syllabus to prepare for the next class session. 
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