
© June 2025 | IJIRT | Volume 12 Issue 1 | ISSN: 2349-6002 

IJIRT 180987   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      3393 

Automotive Disc Brake Systems 
 

 

Udai Singh Bhaati, Piyush Kumar Tiwari 

 

Disc brakes are the most common vehicle braking 

system, using callipers to squeeze brake pads against 

a rotating disc (rotor) to generate friction and 

decelerate the vehicle. This friction converts kinetic 

energy to heat, requiring the brake to develop 

retarding forces far greater than the engine’s torque 

to stop the car quickly. The basic disc brake converts 

a small pedal force into a large clamp force: the 

driver’s force on the master cylinder creates 

hydraulic pressure that is multiplied by the piston 

area ratio at the wheel, achieving high braking torque. 

Good brake design maximizes friction (high 

coefficient μ) while ensuring stable performance over 

temperature, speed, and wear conditions. 

 

I. DISC BRAKE COMPONENTS 

 

Disc brake hardware includes four key parts: the 

rotor, the calliper, the pads, and the hydraulic system. 

These are illustrated below: 

Figure: A typical disc brake assembly with ventilated 

rotor and calliper. The rotor (disc) attaches to the 

wheel hub and rotates with the wheel; the calliper, 

bolted to the suspension, contains pistons and brake 

pads that clamp the rotor. When the brake pedal is 

pressed, hydraulic pressure forces the pads against 

the rotor surface. This contact generates the frictional 

torque that slows the vehicle. 

• Rotor (Disc): The disc is a flat, circular steel or 

iron plate fixed to the wheel hub. Rotors may be 

solid (one-piece) or ventilated (two plates with 

internal vanes) to improve cooling. Vented 

rotors, which are standard on front brakes, 

increase air flow through the disc and 

dramatically improve heat dissipation and 

cooling rate 5 . This lower operating temperature 

reduces brake fade and pad/rotor wear during 

repeated stops 5 . For example, modern vehicles 

use grey cast iron (pearlitic) rotors for its high 

thermal conductivity, heat capacity, and 

durability. Some high-performance designs use a 

steel or aluminium mounting bell (hat) attached 

to a cast-iron friction ring to save weight. In 

racing and supercars, carbon-ceramic or carbon–

carbon composite rotors (C/SiC) are used: these 

are much lighter and have very stable friction at 

extreme temperature, at the expense of much 

higher cost. 

• Calliper: The calliper is the structure that houses 

the pistons and pads. It converts hydraulic 

pressure into clamping force on the rotor. 

Callipers come in two basic types: fixed and 

floating/ sliding. A fixed calliper has pistons on 

both sides of the rotor and does not move relative 

to the disc. When hydraulic pressure is applied, 

these opposing pistons press both pads 

simultaneously against the rotor. A floating 

(sliding) calliper has one piston on the inboard 

side; when this piston pushes the inner pad, the 

calliper body is pulled across the rotor, dragging 

the outer pad into contact 11 . Floating callipers 

have fewer pistons and are simpler/cheaper, but 

require slide pins or bushings to allow the 

calliper to move. (BrakeParts Inc. notes that a 

sticking floating calliper can cause uneven pad 

wear or dragging if not properly lubricated.) 

• Brake Pads: Brake pads (linings) are composite 

friction blocks attached to steel backplates. Each 

calliper contains one pad on each side of the 

rotor. Pad materials are formulated composites 

(see below) that must provide high, stable 

friction and low wear. Popular pad categories 

include organic (non-asbestos), semi-metallic, 

and ceramic. Semi-metallic pads contain 30–

40% steel and other metals, yielding high 

thermal conductivity and robust friction, 

whereas ceramic pads (made from ceramic 

fibres, graphite, etc.) run quieter and produce 

less dust. Manufacturers often include wear 

indicators (metal tabs or sensors) on pads that 

emit a squeal when material is near end-of-life. 

Pads wear out by design: routine maintenance 

requires replacing pads before the friction 

material is fully depleted (typically when 2–3 

mm remains).  

• Hydraulic System: Disc brakes on modern cars 

are hydraulic systems. Pressing the brake pedal 

pushes a piston in the master cylinder, which 

pressurizes brake fluid in steel lines. This fluid 

pressure is routed to the wheel callipers. (Most 

vehicles use a split dual-circuit system for 

safety.) As CCJ explains, “All hydraulic brake 

https://www.researchgate.net/publication/280761396_Overview_of_disc_brakes_and_related_phenomena_-_A_review#:~:text=for%20the%20air%20to%20%EF%AC%82ow,rate%20and%20result%20in%20lower
https://www.researchgate.net/publication/280761396_Overview_of_disc_brakes_and_related_phenomena_-_A_review#:~:text=for%20the%20air%20to%20%EF%AC%82ow,rate%20and%20result%20in%20lower
https://www.brakepartsinc.com/dam/jcr:554fe92c-a4ae-470d-90c3-a29b4f66906c/Technical%20Bulletin%2018-16.pdf#:~:text=A%20floating%20caliper%27s%20operation%20is,See%20Figure%202


© June 2025 | IJIRT | Volume 12 Issue 1 | ISSN: 2349-6002 

IJIRT 180987   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      3394 

systems contain a fluid reservoir, a master 

cylinder, … and one or more-wheel cylinders. If 

disc brakes are used, callipers with integral 

cylinders clamp down on the rotors when 

pressure is applied” 3 . Power boosters (vacuum 

or pump) often assist to reduce pedal effort. The 

hydraulic lines and calliper pistons multiply the 

driver’s force to generate the large clamp forces 

needed at the pads. 

 

II. WORKING PRINCIPLE OF DISC BRAKES 

 

When the brake pedal is depressed, hydraulic 

pressure builds in the master cylinder and flows to the 

callipers. In a fixed calliper, both pistons push 

inward; in a floating calliper, one piston pushes the 

inner pad and the calliper slides so the outer pad 

contacts the rotor. The result is that each pad is 

pressed against its respective rotor surface. The brake 

frictional force is then given by F=\mu N, where N is 

the normal (clamping) force and \mu is the pad’s 

friction coefficient. This force times the rotor radius 

produces a braking torque that opposes wheel 

rotation. By action of law of fluids and different 

piston areas, a modest pedal effort can yield a very 

large N at the wheels, providing the retarding force 

needed to decelerate the vehicle safely.  

 

In practical terms, when the driver demands a stop, 

the brake system converts the kinetic energy of the 

car into heat energy in the pads and rotor (and brake 

fluid). Good disc brake design strives to keep the 

friction coefficient high and repeatable under all 

conditions (cold/hot, wet/dry). An early bedding-in 

process usually deposits a thin friction film from the 

pads onto the rotor, promoting stable friction 

thereafter. 

 

III. BRAKE MATERIALS 

 

Rotor materials: Most automotive brake rotors are 

made of gray cast iron (with pearlitic microstructure) 

because of its excellent heat capacity, thermal 

conductivity, and wear resistance at reasonable cost. 

Cast iron also tolerates repeated heating (good fade 

resistance). To reduce weight, some manufacturers 

use an aluminium “hat” (mounting bell) bonded or 

bolted to a cast-iron friction ring. Higher-

performance vehicles may use composite materials: 

for example, aluminium-based metal matrix 

composites can reduce weight, but their higher 

thermal expansion limits usage. Most notably, 

carbon-fibre reinforced silicon carbide (“carbon-

ceramic”) rotors are used on supercars and race cars. 

These have much lower density and thermal 

expansion than iron, with very high and consistent 

friction up to extreme temperatures. The drawbacks 

are high cost and lower volumetric heat capacity 

(often offset by larger rotor diameter). 

 

Pad materials: Brake pads are engineered composites. 

Typically, they use a phenolic resin binder with 

reinforcing fibres and fillers (shown in classification 

tables). Demands on pad materials are stringent: they 

must deliver a high, stable μ over a wide temperature 

range, resist wear, resist glazing/ corrosion, and 

regenerate a fresh friction surface as they age. 

Modern pad formulations are categorized by metal 

content: organic pads have no metal fibres, semi-

metallic have substantial ferrous content, and 

metallic/ceramic pads contain metal and ceramic 

fibres. Organic pads run quietly but tend to wear 

faster; semi-metallic pads handle heat better but can 

be noisier; ceramic pads (with alumina, copper fibres, 

etc.) offer stable friction and little dust production. 

Manufacturers also tailor additives: for example, 

solid lubricants (graphite, sulfides) are added to 

stabilize μ at high T, while abrasives (silica, alumina) 

can boost μ or clean oxide films. The goal is a friction 

material that is safe and effective under all use 

conditions. 

 

IV. HEAT DISSIPATION, WEAR, AND 

FRICTION CONSIDERATIONS 

 

Braking generates huge heat: under severe braking, a 

disc can heat to several hundred °C in seconds. 

Controlling that heat is critical to prevent brake fade 

(loss of friction). Ventilated rotors and other cooling 

features are key. As noted, “ventilated brake discs 

increase the cooling rate and result in lower surface 

temperature. This lower temperature reduces the risk 

of brake fade and also helps in reducing wear of the 

disc and pad”. In addition to internal vents, some 

rotors are drilled or slotted. Holes and slots give extra 

airflow and allow gases or debris to escape from the 

pad interface, which helps maintain a fresh pad-to-

disc contact and reduces fade. (For example, racing 

rotors often have cross-drilled holes specifically for 

this purpose.) However, perforations introduce stress 

concentrations. Drilled rotors can crack around hole 

edges if overused, so manufacturers optimize hole 

size and placement. 

https://www.ccjdigital.com/business/article/14899889/hydraulic-brake-basics#:~:text=The%20hydraulic%20system%20All%20hydraulic,s%29%20on%20each%20wheel
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Wear is an inherent part of friction braking. Pads 

wear down gradually and must be replaced before the 

backing plate contacts the rotor. Disc wear also 

occurs (the surface slowly thins), but rotors usually 

last many pad changes. Maintenance schedules 

typically call for pad inspection every few thousand 

miles. Brake friction materials are designed to be 

temperature stable: a good pad material maintains μ 

even as temperature rises. If overheating occurs, μ 

can drop sharply (fade), especially if pad binders 

decompose or if brake fluid boils. To enhance heat 

tolerance, racing pads use high-temperature materials 

(e.g. carbon composites) that maintain friction at 

T>500 °C. Proper brake design (vents, material 

selection, cooling ducts) ensures a balanced trade-off 

between friction level, wear rate, and thermal 

capacity. 

 

V. RECENT ADVANCES AND INNOVATIONS 

 

Disc brakes continue to evolve. Carbon-ceramic discs 

(carbon-fibre reinforced silicon carbide) have 

become common on high-end sports cars. These 

composites are “a fundamental progressive step” for 

high-performance brakes. They offer exceptional 

performance: C/SiC rotors are extremely light, have 

very high fade resistance, and a nearly constant 

friction coefficient over a wide temperature range. 

Carbon-ceramic pads (often similar C/SiC 

composites) pair with these rotors, providing 

aggressive friction and wear life. The downside is 

cost and the fact that low-temperature friction (below 

200 °C) can be reduced; this is acceptable in racing 

but less so for everyday cars. Therefore, carbon 

ceramic is mostly used on track-focused or luxury 

vehicles. 

 

Another major innovation is regenerative braking 

integration in hybrid and electric vehicles. In these 

systems, the electric motor converts kinetic energy 

back to electrical energy during braking, recharging 

the battery. This reduces the mechanical braking 

demand and improves efficiency. Disc brakes still 

provide final braking and safety backup, but with 

lighter usage and wear. Regenerative systems can 

recapture a significant fraction of braking energy, 

reducing fuel consumption and emissions. Alongside 

regen, advanced controls such as anti-lock braking 

(ABS), electronic brakeforce distribution (EBD), and 

brake-by-wire/auto-braking systems enhance 

performance. For example, modern vehicles actively 

manage hydraulic pressure between front and rear 

discs to optimize stopping power under dynamic 

conditions. 

 

Manufacturers have also introduced improved 

coatings and pad formulations to reduce noise and 

corrosion. Many discs now have anti-corrosion 

plating on non-friction surfaces, and pads include 

chamfers, shims, and friction-adjusting materials to 

suppress squeal. Advanced surface treatments (e.g. 

carbon nanotube infused pads, thermally sprayed 

friction layers) are areas of ongoing research. 

 

VI. MAINTENANCE, RELIABILITY, AND 

COMMON ISSUES 

 

Disc brake systems are generally reliable and long-

lived, but they require routine care. Pad wear is 

expected: friction brakes convert much of the kinetic 

energy into pad and rotor wear particles. Drivers will 

notice pad wear indicators (squealers) or indicator 

lights when pads become thin. Industry guidelines 

(and many vehicle manuals) specify replacing pads 

when lining thickness reaches ~3 mm. Rotor 

wear/warping: A disc has a minimum safe thickness; 

excessive wear or overheating can cause distortions. 

If a rotor becomes warped or dips below its service 

limit, it must be resurfaced or replaced. Resurfacing 

(machining) is only possible if there is enough 

material remaining. For example, some safety 

inspection standards (e.g., in Pennsylvania) forbid 

operation if scoring or wear exceeds certain limits. 

 

Brake fluid should be changed periodically (e.g. 

every 2 years) to remove moisture; water in fluid 

lowers boiling point and can cause vapor lock under 

heavy use. Leaks and sticking: A leaking calliper or 

corroded slide pin can cause uneven braking or drag. 

Emergency handbrake actuators (often on rear discs) 

also need inspection. In service, technicians often use 

a torque wrench to ensure calliper bolts and mounting 

hardware are tight, and examine pad wear symmetry.  

 

Noise and judder: One common symptom is brake 

squeal (high-pitched noise). This is typically due to 

pad–disc vibration modes. It doesn’t harm 

performance but is mitigated by shims, chamfering 

pad edges, and use of specialized friction modifiers. 

“Judder” (shuddering vibration) can occur if the disc 

has thickness variation or thermal hotspots; it is 

remedied by resurfacing and re-bedding the pads. 

Dust: Metal or metallic pads produce more brake dust 

(iron oxide), which soils wheels; ceramic pads 
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produce finer, lighter-coloured dust that is less 

adhesive. 

 

Overall, disc brake systems have proven their 

reliability and safety over decades of use. By 2025, 

nearly all passenger cars use vented disc brakes on at 

least the front axle. Proper design, high-quality 

materials, and regular maintenance ensure that disc 

brakes remain the standard for vehicle stopping 

performance and safety. 

 

VII. COMPARISON OF DISC ROTOR DESIGNS 

 

Solid vs. Vented: Solid discs (one-piece) are simple 

and cheap but have limited heat capacity. Vented 

discs (two-part) greatly improve cooling. The Rashid 

review notes that ventilated rotors “increase the 

cooling rate” and lower surface temperatures, which 

“reduces the risk of brake fade”. In practice, virtually 

all high-demand brakes (front of sedans, SUVs, 

trucks) use vented rotors. Some luxury cars even use 

drilled/vented rotors – combining cooling vanes with 

surface holes. 

 

Slotted/Drilled vs. Plain: Many performance rotors 

are slotted (shallow grooves) or cross-drilled (holes). 

Slots serve to scrape away water and pad transfer film 

on the rotor surface, and allow trapped air/gases to 

vent. Drilled holes likewise help water evacuation 

and increase surface area for heat loss. These features 

can improve bite in wet conditions and reduce fade. 

However, drilling introduces stress concentrations: as 

Rashid notes, cross-drilling “increases the cooling 

rate,” but holes can lead to fatigue cracks around the 

drill edges if pushed to extremes. Thus, high-end 

performance rotors use conservative hole patterns or 

combinations (e.g. diamond-shaped holes, teardrop 

pillars) optimized by computation.  

 

Floating vs. Fixed Calliper: Fixed callipers (used on 

sports/performance cars) can yield more uniform pad 

wear and allow multiple pistons for strong clamping, 

at higher cost and weight. Floating callipers are 

standard on most mass-market cars because they are 

lighter and cheaper, despite being slightly less rigid.  

 

Material Innovations: As noted above, use of 

aluminium-alloy bells and composite friction rings 

can reduce rotor inertia. For example, Brembo and 

others offer two-piece aluminium/iron rotors that 

save weight and allow differential thermal expansion. 

In racing, steel rotors (with higher strength) are 

common for endurance, while carbon composites are 

used in top-tier series. 

 

In summary, vented (internally cooled) rotors 

outperform solid rotors in thermal capacity. Slotted 

and drilled patterns can improve peak friction under 

extreme use. The optimum design balances cooling, 

strength, weight, cost, and noise characteristics for 

the vehicle’s intended use. 
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