
Introduction to Automobiles and Internal
Combustion Engines

1. History of Automobiles

Late 19th Century: The first self-propelled vehicles appeared in the late 1800s, with Karl

Benz’s 1886 Motorwagen widely considered the first true automobile.

Early 20th Century: Mass production began with Henry Ford’s Model T (1908),

revolutionizing personal transport and manufacturing.

Post-War Era: Advancements in engine design, safety, comfort, and mass mobility.

Modern Era: Integration of electronics, emission controls, performance enhancements,

alternative powertrains (hybrid, electric), autonomous and connected vehicle technologies.

2. Classification of Automobiles

By Purpose

Passenger Vehicles: Cars, SUVs, vans.

Commercial Vehicles: Buses, trucks, pickups.

Special Purpose Vehicles: Ambulances, fire trucks, construction equipment.

By Transmission System

Conventional/Manual Transmission

Automatic Transmission

Continuously Variable Transmission (CVT)

Electric Drive/Hybrid Drive

By Fuel and Power Source

Internal Combustion Engine (ICE): Petrol, diesel, gas.

Electric Vehicles (EV): Battery-operated.

Hybrid Vehicles: Both ICE and electric motors.

Fuel Cell Vehicles: Hydrogen-powered.



Category Examples Description

By Fuel Petrol, diesel, CNG, LPG, hydrogen Based on type of fuel used

By Working Cycle
Otto (spark ignition), Diesel (compression

ignition), Dual cycle
Cycle followed in operation

By Cooling Method Air-cooled, water-cooled
How engine temperature is

managed

By Cylinder

Arrangement
Inline, V-type, Flat (boxer), Radial

Spatial arrangement of

cylinders

By Number of Strokes 2-stroke, 4-stroke Engine cycle per piston motion

By Number of

Cylinders
Single, twin, three, four, six, eight, twelve

Number of piston/cylinder

units

By Number of Wheels

Two-Wheelers: Motorcycles, scooters.

Three-Wheelers: Autorickshaws.

Four-Wheelers: Cars, trucks.

Multi-Axle/Heavy Vehicles: Buses, heavy-duty trucks.

3. Power Plant (Engine) Classification

4. Basic Engine Terminology

Bore: Diameter of the engine cylinder.

Stroke: Distance travelled by piston from top dead center (TDC) to bottom dead center

(BDC).

Compression Ratio: Ratio of cylinder volume at BDC to that at TDC.

Displacement: Total volume displaced by all pistons in one cycle.

TDC & BDC: Top dead center and bottom dead center—piston’s extreme positions.

Firing Order: Sequence in which cylinders receive the ignition spark or fuel injection.

Valves: Intake and exhaust valves regulate air/fuel in and exhaust gases out.

Connecting Rod, Crankshaft, Camshaft: Mechanical linkages converting reciprocating

motion into rotary motion and controlling valve timing.

5. Types of Engine Cycles

Otto Cycle (Four-Stroke Spark Ignition): Used in petrol engines; sequence—intake,

compression, power (combustion), exhaust.

Diesel Cycle (Four-Stroke Compression Ignition): Used in diesel engines; air compressed

first, then fuel injected and ignited by heat of compression.

Two-Stroke Cycle: Power produced in each revolution; used in small engines (motorcycles,

generators).



Dual Cycle: Combination of Otto and Diesel cycle processes for specific engine types.

6. Working Principle of an IC Engine

Four-Stroke Spark Ignition (SI) Engine Sequence:

1. Intake Stroke: Piston moves down, air-fuel mixture drawn in.

2. Compression Stroke: Piston moves up, compressing the mixture.

3. Power Stroke: Spark ignites mixture, rapid expansion forces piston down (work).

4. Exhaust Stroke: Piston moves up, expelling burned gases.

Four-Stroke Compression Ignition (CI) Engine (Diesel):

1. Intake: Air only is drawn in.

2. Compression: Air is compressed, heating it.

3. Power: Fuel injected, ignites due to high temperature.

4. Exhaust: Combustion products expelled.

Two-Stroke Engine Principle: Combines intake and compression into one piston

movement, and power and exhaust into the next, for higher power-to-weight but lower

efficiency and higher emissions.

7. Advanced Engine Classification and Multi-Cylinder Engines

Advanced Engine Types

Turbocharged and Supercharged Engines: Use exhaust gas or mechanical compressors to

increase intake air pressure and power output.

Variable Valve Timing Engines: Adjust valve opening times for performance and efficiency.

Direct Injection Engines: Fuel injected directly into combustion chamber—improves

efficiency and power.

Multi-Cylinder Engines

Arrangement: Inline (straight), V-type, flat (boxer), radial, W-type.

Benefits:

Smoother operation (less vibration)

Greater power and torque output

Enhanced balance and flexibility in design

Applications: Four-cylinder (compact cars), six-cylinder (mid-size/luxury cars), eight- and

twelve-cylinder (performance, trucks, high-end luxury).



Correct firing order and engine balancing are essential for durability, comfort, and performance

in all automobiles.

In summary: The evolution of automobiles and IC engines embodies progress from simple

single-cylinder designs to sophisticated, balanced, multi-cylinder engines. Understanding their

classification, operation cycles, working principles, and design innovations forms the foundation

of modern automobile engineering.

8. Engine Balance and Firing Order

Engine Balance

Primary Balance: Balances the basic reciprocating mass of the pistons.

Secondary Balance: Balances unbalanced forces due to non-simultaneous piston

acceleration.

Crankshaft Counterweights: Used to reduce vibration.

Multi-cylinder configurations are designed to minimize unbalanced forces and moments—

inline-sixes and V-12s are inherently balanced.

Firing Order

The sequence in which cylinders complete the power stroke.

Ensures smooth running, minimized vibration, optimal cooling, even load distribution.

Examples:

Inline-4: 1-3-4-2

Straight-6: 1-5-3-6-2-4

V8: 1-5-4-2-6-3-7-8


