
Gearbox Type Features and Applications

Worm and Nut Common, robust, used in commercial vehicles

Worm and Sector Simple, moderate precision; trucks and heavy vehicles

Worm and Roller Lower friction, improved feel, many cars

Recirculating Ball Balls reduce friction, popular in heavier vehicles

Rack and Pinion Direct linear motion, high precision, common in modern cars

Cam and Lever Older design, seldom used today

Proper geometry ensures road holding, tire life, and driver comfort. Key parameters include:

Steering, Braking, and Suspension in Automobiles

1. Steering Mechanism

Purpose and Principles

Steering systems enable the driver to control the vehicle's direction by changing the

orientation of the front wheels.

Effective steering ensures smooth handling, stability, and predictable response during

various maneuvers.

Types of Steering Mechanisms

Manual Steering: Driver applies direct effort via steering wheel—common in older/lighter

vehicles.

Power Steering: Uses hydraulic or electric assistance to reduce effort; modern vehicles

typically use electric power steering (EPS) for better efficiency and adaptability.

Steering Gear Box Types

Wheel Geometry

Camber: Angle between vertical axis of wheel and vertical axis of vehicle; affects tire wear

and cornering.

Caster: Backward/forward tilt of steering axis; impacts straight-line stability and steering

effort.

Toe-in/Toe-out: Difference in distance between front and rear of wheels; influences straight

tracking and tire life.



Brake Type Description/Operation Applications

Mechanical Cable/rod actuated, uses friction surfaces Emergency/parking, older vehicles

Hydraulic Fluid pressure transmits pedal force to brakes Most modern vehicles

Pneumatic (Air) Compressed air actuates large brake chambers Heavy-duty vehicles (trucks, buses)

Electric Uses electric actuators; fast and reliable Some EVs, luxury cars

Vacuum Assisted Uses engine vacuum to boost pedal force Widespread in cars/trucks

Kingpin Inclination: Angle of the kingpin, assists steering returnability.

Ackermann Principle: Ensures inside and outside wheels turn at appropriate angles in a

corner, minimizing tire scrubbing.

2. Braking Systems

Principle and Functions

Principle: Converts kinetic energy of the moving vehicle into heat energy, reducing speed

or stopping the vehicle.

Functions: Rapid deceleration, vehicle immobilization (parking), maintaining speed on

descents, and supporting vehicle stability.

Types of Brakes

Construction and Operation

Drum Brakes

Consist of brake shoes, springs, and a rotating drum.

Shoes expand against drum to create friction; mainly on rear wheels.

Disc Brakes

Employ a rotating disc clamped by brake pads via calipers.

Superior heat dissipation, more consistent performance; common on front (and increasingly

rear) wheels.

Anti-lock Braking System (ABS)

Prevents wheel lock up, enhancing steering control during hard braking.

Uses sensors, electronic control unit (ECU), and hydraulic modulators.



Type Features & Use Cases

Leaf Spring Multi-leaf steel; simple, robust; used at rear in trucks/vans

Coil Spring Helical steel; compact, progressive rates; widespread in cars

Torsion Bar Straight bar twisted under load; adjustable stiffness

Air Spring Pressurized air in rubber bellows; variable, smooth ride

Suspension Type Description/Features Applications

Dependent (Solid

Axle)
Left/right wheels connected by rigid axle

Trucks, commercial

vehicles

Independent Wheels move separately; improved comfort and handling Most modern cars

Semi-Independent Limited movement coupling (e.g., twist beam) Some economy cars

Rear Axle

Suspension

Includes live axle (leaf spring), independent rear, trailing arm,

semi-trailing arm, multilink designs

Parking Brake

Also called handbrake or emergency brake.

Mechanically or electronically locks wheels (usually the rear) to secure vehicle at rest or in

emergencies.

Cable-actuated in most vehicles; increasingly electronic in modern cars.

3. Suspension Systems

Objectives

Ride Comfort: Absorbs shocks from road irregularities.

Road Holding: Maintains tire contact for stability and safety.

Load Carrying: Supports varying loads with consistent performance.

Types of Springs and Shock Absorbers

Springs

Shock Absorbers

Telescopic Hydraulic: Oil-filled damper resists motion; most common.

Gas-Charged: Contains pressurized gas for more consistent damping.

Double-acting: Absorbs energy on both up and down strokes for better control.

Suspension System Types



System Key Components & Types Operation/Function

Steering
Manual/Power, Gearbox (rack & pinion, worm types), geometry

(caster, camber, toe)

Smooth, stable, accurate

handling

Braking
Hydraulic/Mechanical/Air/Electric, Disc/Drum, ABS/ESP,

Parking brake

Rapid stop, control, parking

security

Suspension
Leaf/coil/torsion/air springs, telescopic/gas shocks,

independent/dependent, electronic/proactive

Ride comfort, road holding,

load support

Modern steering, braking, and suspension systems combine mechanical ingenuity with

electronics, delivering safety, comfort, performance, and adaptability in today’s

automobiles.

Advanced Suspension Systems

Electronic Control Suspension

Uses sensors, actuators, and ECU to adjust damping, stiffness, height, and response in real

time.

Adapts to road and load conditions for optimal comfort and stability.

Proactive Suspension System

Predicts and reacts to road conditions using advanced sensors/cameras (e.g., Mercedes’

MAGIC BODY CONTROL).

Actively controls each wheel’s movement to counter bumps, roll, and pitch, using hydraulic,

pneumatic, or electromagnetic actuators.

Summary Table: Steering, Braking, and Suspension


