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The pioneers in petrol-driven motoring were German engineering enthusiasts, Karl Benz and Gottlieb Daimler, in the late 1800’s. Early attempts at motor vehicles were not always successful. The first three-wheeled tricar made by Benz in 1885 hit a wall after a distance of only a few metres. The second attempt ran a few hundred metres at best. Because of the instability of the three-wheeled design, a four-wheeled version in 1893 became the prototype for future car designs. 

American petrol-driven motoring began successfully when a racing car with a 1.5 horsepower engine with two cylinders that reached an average speed of 7.6 miles per hour (about 12 km/h) defeated an imported Benz vehicle. The design came from two brothers who set up the Duryea Wagon Company. A year later, a young Henry Ford began mass producing the highly successful Model T Ford up till the 1920’s. Its skeleton was made of hardwood covered by flat metal sheets. By 1915 in USA, there were over 2 million private cars.

Britain came into the new world of transport later than many other countries. By 1907 though, the motor car made by men such as Royce and Morris, were available to the middle-class professional. The English had to abide by a speed limit of 20 miles per hour (32 km/h) despite the fact that these new-fangled vehicles could reach twice this amazing speed. 

Even in India, the rich aristocrats imported Rolls-Royces and Mercedes from Europe to rival elephants as the form of transport. Also in Asia, when the Chinese first saw the chi-cho (‘fuel chariot’), they thought it was a devious western plot to bring down the Chinese railway. Nevertheless, the Chinese government agreed in 1907 to a Peking to Paris motor car race. The five competing cars were often driven, towed or pushed by mechanics and others while the owners chose more comfortable horseback travel. 

Today at the Indy race at the Gold Coast, cars can reach speeds of more than 300 km/h. The technology for car and driver is almost space-age.


The 4-Stroke Petrol Internal Combustion Engine

The power comes from the engine. In cars, this is an internal combustion engine, so named because the fuel is burned inside the engine’s cylinders. Inside these identical cylinders are metal pistons that slide up and down.

Picture of internal combustion engine here

There are 4 strokes or stages in the operation of a 4 stroke engine. 

1. Intake Stroke – The piston moves down drawing a mixture of petrol and air into the cylinder through an inlet valve.

2. Compression Stroke – The inlet valve closes and the piston moves up to compress the air-petrol mixture to a fraction of its previous volume. 

3. Power Stroke – An electric spark from the spark plug ignites the fuel and produces hot exhaust gases. The extra pressure inside the cylinder pushes the piston down the cylinder. 

4. Exhaust Stroke – The burnt gases are expelled from the cylinder through the outlet valve which is connected to the car exhaust pipe.

Piston and Crankshaft Movements

Picture of piston, connecting rod, crankshaft and flywheel here

The piston moves up and down. The pistons are connected to a metal connecting rod and then to a crankshaft. As the crankshaft rotates, it turns a flywheel which turns the wheels.

Valve Movements

Pictures of piston, cylinder, camshaft, inlet and outlet valves, rocker arm and push rod here

The crankshaft is connected indirectly to a camshaft that has egg-shaped cams. As the piston moves, the camshaft which is attached to a push rod moves the rocker arm to open and close the inlet and outlet valves as required for the strokes.   

The Carburettor or The Fuel Injector

Older cars have carburettors whereas newer vehicles have electronically-controlled fuel injectors. Their functions are the same. Air is mixed with petrol vapour to the mix required. Level road driving at a steady speed requires a lower or leaner mixture of petrol to air mixture than if the car is accelerating.

To start a car in cold weather, a choke may be needed. The choke increases the amount of petrol to a richer mixture and allows large amounts of petrol vapour to enter the cylinder.

At present, racing cars are toying with fuel injection systems that do not require a camshaft to open and close the inlet and outlet valves. If successful, cars of the future will use this design.

Other Internal Combustion Engines

There are 3 other types – diesel, 2 stroke and rotary.

Diesel Engine

Most diesel engines are also 4 stroke engines but operate slightly differently. Diesel engines are found in trucks and 4WD vehicles. 

The differences are:

1. The intake stroke draws in air but no fuel into the cylinder.

2. During the compression stroke, the compression is much greater than in the normal engine – about 14 : 1. This increases the temperature inside the cylinder to a higher than normal temperature – about 440oC.

3. At the end of the compression stroke, diesel fuel in vapour form is injected into the cylinder and burns instantly because of the higher temperature. 

4. Because of the higher compression, diesel engines are heavier and more sturdily built.

5. Diesel engines are more efficient than normal engines.

6. Diesel fuel is low grade fuel and therefore cheaper. However, because it contains impurities that clog spark plugs, it cannot be used in petrol engines. It is also more polluting than unleaded petrol.

Two Stroke Engine

Two stroke engines are found in smaller motorbikes and motor mowers.  2 stroke engines are not as efficient as the 4 stroke engine because the first of the 2 strokes is a combination of the intake and power strokes, and the second of the two strokes is a combination of the compression and exhaust strokes. 

Rotary Engine

Some Mazda cars have rotary engines. The piston and cylinder arrangement is replaced by a three-cornered rotor turning in a roughly oval chamber. The turning rotor divides the combustion chamber into 3 sections for the strokes. 

Picture of a rotary engine here

The air-fuel mixture is drawn in through an intake port and trapped between the wall of the chamber and the rotor. The turning rotor compresses the mixture. A spark plug ignites the fuel. Then, exhaust gases leave through en exhaust port. In all, the turning rotor makes 3 strokes.

Due to its rotating motion of the rotor, an advantage of a rotary engine is that it can increase the revolutions of the flywheel up to 14000 revs per minute much more than the piston type.
Questions

1. Complete the table describing the steps that occur in a 4 stroke engine.

	NAME OF STROKE
	WHAT HAPPENS IN THE STROKE

	Intake


	

	Compression


	

	Power


	

	Exhaust


	


2. Match each engine structure on the left with one function on the right.

A. INLET VALVE


R. provides spark to ignite fuel

B. OUTLET VALVE
S. cylinder-shaped metal block that moves up and down

C. COMBUSTION CHAMBER
T. where fuel ignites

D. SPARK PLUG
U. rod connecting piston to crankshaft

E. CYLINDER
V. lets exhaust gases out of cylinder

F. PISTON
W. changes vertical position of piston into horizontal motion

G. PISTON RINGS
X. provide a tight seal between piston and cylinder

H. CONNECTING ROD

Y. lets fuel into cylinder

I. CRANKSHAFT
Z. metal tube where piston is located

A___ B___ C___ D___ E___ F___ G___ H___ I____ 

3. In family cars, the compression ratio is 10 :1. This means that the air-fuel mixture is compressed to 1/10 of its volume before being ignited. However, in racing cars, the compression ratio is 14 : 1 or higher.

(a) To what fraction is the air-fuel mixture compressed in racing cars? 









(b) What is an advantage of this higher compression? 






















(c) What is a disadvantage of this higher compression? 





















4. What is the function of a carburettor or a fuel injector? 
























5. Use a textbook or the internet to research different types of fuels. Then complete the table.

	TYPE OF FUEL
	WHICH VEHICLES USE THIS FUEL
	ADVANTAGES
	DISAD-VANTAGES

	Diesel


	
	
	

	Leaded


	
	
	

	Unleaded


	
	
	

	L.P.G.

(Liquid Petroleum Gas)
	
	
	



The exhaust gases from the cylinders are transferred through pipes to the exhaust pipe. To reduce pollution, all new cars are fitted with catalytic converters. These contain catalysts of either platinum or palladium to increase the efficiency of the burning of the fuel and carbon monoxide.


The Battery

The battery provides the power to run the lights and the radio as well as the ignition. 

Picture of a lead-acid battery here

A car battery is a joined series of 6 simple electric cells of the lead-acid type, each generating about 2 volts. Therefore, the total electrical output of a battery is about 12 volts.

Each of the 6 cells contains 2 electrodes – one made of a lead grid only and the other made of a lead grid filled with lead oxide. These electrodes are immersed in an electrolyte solution of dilute sulphuric acid. 

As the cells generate electricity, they also build up a coating of lead sulphate on one electrode and the acid becomes very dilute. 

The Ignition Coil, The Distributor and The Spark Plug

Picture of a battery, ignition coil, distributor, spark plug, alternator and starter motor here

The battery only generates 12 volts. However, over 25000 volts is needed to make the spark that ignites the fuel. The battery is connected to a transformer called the ignition coil which increases the battery’s voltage to that required for ignition. 

The ignition coil is made of 2 coils of wire – the first with only a few hundred turns of wire and the second with a few thousand turns of wire. When electricity from the battery travels through the first or primary coil, it induces a higher voltage in the 

secondary coil with the help of a switch.

In older cars, the secondary coil is connected to the distributor which distributes the charge at suitable times to each spark plug situated in the wall of each cylinder. In newer cars, the spark plug is electronically controlled and there is no distributor. 

When the spark plug receives the higher voltage, it ignites the fuel. 

The Alternator

When the engine is running, the crankshaft drives the alternator. This alternator is a generator that is connected back to the battery and provides electricity to reverse the chemical reactions occurring within the cells of the battery. In this way, the battery becomes recharged.

The alternator also runs the other electrical devices such as the lights and the radio.

The Starter Motor

The starter motor is an electric motor which creates movement by placing current-carrying coils in a magnetic field. A larger electromagnet creates a magnetic field. Inside this electromagnet is a rotor made of smaller coils of wire. As each coil of wire is fed with electricity in turn, the rotor begins to turn.

The rotor of the starter motor is connected to the engine’s flywheel which is connected to the crankshaft which is connected to the pistons. 

Once the engine begins running, the starter motor is no longer needed as the engine keeps itself going.

The starter motor uses a large amount of electricity from the battery. Therefore, if a car is used for many small trips instead of one long journey, this could drain the battery’s energy.

Questions

1. Complete the table to explain the function of parts of the car’s electrical system.

	NAME OF PART
	FUNCTION

	Battery


	

	Ignition Coil


	

	Distributor


	

	Spark Plug


	

	Alternator


	

	Starter Motor


	


2. What are the signs that each of these parts is not working:

(a) battery 





























(b) alternator 





























(c) starter motor 




























3. Why are long trips useful to a car battery’s function more than many short trips? 































Lubricating oil is necessary to stop wear and tear of moving metal engine parts such as the pistons moving up and down inside the cylinders and the crankshaft and camshaft.

Oil is circulated in the engine by an oil pump. However, oil does not enter the combustion chamber at the same time as the petrol. Any fine metal fragments from the moving parts are removed from the circulating oil by the oil filter. 


The burning stroke of petrol in the cylinders can occur between 200 and 2000 times in one minute. This is between 800 and 8000 revs per minute. This means that the pistons would expand with the intense heat and stop moving if they were not cooled. The cylinder walls have hollow jackets that are filled with circulating water to cool down the engine.

The cooled water is circulated from the radiator which has grids to increase surface area for greater cooling. 

Questions

1. Why do the engine parts need lubrication? 















2. When a car ‘blows smoke’ out of the exhaust, this indicates that the piston rings need replacing. Explain why. 




































3. Why is the front of a radiator made of many parallel thin metal plates? 





















4. What would happen the engine is cooled water was not circulating through the walls of the cylinders? 


























The Clutch, the Gearbox and the Differential

The engine power is transmitted first from the crankshaft to the flywheel, then to the clutch and the gearbox (also called the transmission), and then to the differential.

Picture of clutch and gearbox here

The clutch of a car consists of plates with one end plate connected to the engine crankshaft, and the other end plate to the gearbox. When the clutch is engaged, the plates are together. When the clutch is disengaged, the plates are separated. When the clutch is engaged, the crankshaft rotates and the motion is transmitted to the gearbox. 

Gears are wheels with teeth that interlock with the teeth of other gears. When one gear rotates, then the interlocking gear also rotates at a speed dependent on the size and number of the teeth.

Car gearboxes usually have up to 6 forward gears and one reverse gear. They can be manually or automatically operated. 

The gearbox (or transmission) keeps the engine running at its most effective rate. It takes the rotation of the crankshaft and, by either gearing up or down, transmits more speed or more force to the driveshaft which turns the wheels. The speed of the motion depends on the gear and the revolutions (‘revs’) per minute of the engine.

When a car turns a corner, the wheels on the outside of the bend must turn faster than those on the inside. The driveshaft is connected to the differential which splits the power and delivers it to each of the rear wheels. 

 Questions

1. What are gears? 



















2. How many forward gears and reverse gears do cars usually have? 





















3. What might happen if the differential wheel were worn? 
























The Suspension

Picture of suspension here

The suspension of a car smooths the ride on a bumpy road. When the wheels bounce up and down, springs and shock absorbers absorb the impact. The wheel-suspension system comprises the springs that attach the frame to the rear axles and front wheels, the axles and the shock absorbers. 

Wheels and Tyres

Wheels are attached to the front and rear axles. Originally, hardwood was used in their construction. Later, alloys of iron and magnesium (‘mag’ wheels) were used in the wheel frame. 

Early tyres were solid and had no tread. Therefore they had little grip on the road. Later, tyres were air-filled or pneumatic with the air inside hollow tubes. Today, most air-filled tyres do not have the inner tube. Racing tyres called ‘slicks’ are wider to allow a greater contact area with the road.

Questions

1. What is the function of the suspension system? 














2. What are the parts that comprise the suspension system? 























3. What are the advantages and disadvantages of pneumatic tyres? 











































4. Why must a tyre have sufficient tread? 
















Steering

When the driver turns the steering wheel, a small gear (pinion) at the end of the steering column slides a rack to the right or left. This pushes or pulls on the steering arms, changing the angle of the wheels. 

Power steering is a hydraulic system and reduces the effort required by the driver.

Braking

A car has 2 sets of brakes – a foot brake that operates on all four wheels using a hydraulic system, and a hand or emergency brake that operates mechanically on either the rear wheels only. These brakes have different ways of operating.

The foot braking system is either the drum type or the disc type. 

Picture of Drum Brakes here

Drum brakes are only on rear wheels. They consist of a pair of enclosed hinged metal shoes that are forced against the interior of a drum by a mechanical lever or by a hydraulic cylinder. The shoes have a frictional lining that can wear away over time. Drum brakes can lock up when the shoes and the lining stick together, causing the car to skid.

Picture of Disc Brakes here

Disc brakes have discs with pads that grip the disc. Disc brakes are ventilated and do not overheat in the same way as drum brakes because only part of the disc is gripped by the pads at any one time. Disc brakes can also lock but not as easily as drum brakes.

In both drum and disc brakes, the pressure from the application of the driver’s foot on the internal pedal is relayed to the brakes on the wheels by a hydraulic system. This means that a liquid called brake fluid inside a tube transfers the pressure from pedal to brakes. 

A.B.S. (Anti-Braking System) is an electronically controlled system designed to prevent locking of the brakes. When either drum or disc brakes first lock, this is detected electronically and the brakes are released slightly to prevent further locking.

Questions

1. Briefly explain how a car is steered by the driver. 

























2. What is the purpose of brakes? 

















3. What is the overall difference between drum and disc brakes? 






















4. Describe how drum brakes work. 






































5. Describe how disc brakes work. 






































6. What happens when brakes ‘lock’? 



























7. What is an advantage of disc brakes? 


























8. Both drum and disc brakes work hydraulically. What does this mean? 
































9. What is the purpose of brake fluid? 



























10. How does the A.B.S. system work? 
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