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1. History
The modern diesel engine came about as the result of the internal combustion principles 
first proposed by Sadi Carnot in the early 19th century. Dr. Rudolf Diesel applied Sadi 
Carnot’s principles into a patented cycle or method of combustion that has become known 
as the “diesel” cycle. His patented engine operated when the heat generated during the 
compression of the air fuel charge caused ignition of the mixture, which then expanded at a 
constant pressure during the full power stroke of the engine.

                            

Dr. Diesel’s first engine ran on coal dust and used a compression pressure of 1500 psi to 
increase its theoretical efficiency. Also, his first engine did not have provisions for any type 
of cooling system. Consequently, between the extreme pressure and the lack of cooling, the 
engine exploded and almost killed its inventor. After recovering from his injuries, Diesel tried 
again using oil as the fuel, adding a cooling water jacket around the cylinder, and lowering 
the compression pressure to approximately 550 psi.  
This combination eventually proved successful. Production rights to the engine were sold to 
Adolphus Bush, who built the first diesel engines for commercial use, installing them in his 
St. Louis brewery to drive various pumps.

S.I. Engine (Spark Ignition Engine), C.I. Engine (Combustion Ignited Engine)
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2.Diesel Engines 
A diesel engine is similar to the petrol engine used in most cars.
Both engines are internal combustion engines, meaning they burn the fuel-air mixture within 
the cylinders. Both are reciprocating engines, being driven by pistons moving laterally in two 
directions. The majority of their parts are similar. 

Although a diesel engine and petrol engine operate with similar components, a diesel 
engine, when compared to a petrol engine of equal horsepower, is heavier due to stronger, 
heavier materials used to withstand the greater dynamic forces from the higher combustion 
pressures present in the diesel engine.

The greater combustion pressure is the result of the higher compression ratio used by diesel 
engines. The compression ratio is a measure of how much the engine compresses the gasses 
in the engine’s cylinder. 

In a petrol engine the compression ratio (which controls the compression temperature) is 
limited by the air-fuel mixture entering the cylinders. The lower ignition temperature of 
petrol will cause it to ignite (burn) at a compression ratio of less than 10:1. 
The average car has a 7:1 compression ratio. In a diesel engine, compression ratios ranging 
from 14:1 to as high as 24:1 are commonly used. The higher compression ratios are possible 
because only air is compressed, and then the fuel is injected. This is one of the factors that 
allows the diesel engine to be so efficient. Compression ratio will be discussed in greater 
detail later in this module.

The speed of the diesel engine (RPM) is limited by the amount of fuel injected into the 
engine cylinders. Therefore, the engine always has sufficient oxygen to burn and the engine 
will attempt to accelerate to meet the new fuel injection rate. Because of this, a manual 
fuel control is not possible because these engines, in an unloaded condition, can accelerate 
at a rate of more than 2000 revolutions per second. Diesel engines require a speed limiter, 
commonly called the governor, to control the amount of fuel being injected into the engine.

Unlike a petrol engine, a diesel engine does not require an ignition system because in 
a diesel engine the fuel is injected into the cylinder as the piston comes to the top of its 
compression stroke. When fuel is injected, it vaporizes and ignites due to the heat created by 
the compression of the air in the cylinder.
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3.Major Components of a Diesel Engine 
To understand how a diesel engine operates, an understanding of the major components and 
how they work together is necessary.

3.1 Cylinder Block

Cylinder head

Piston

Connecting rod

Valve mechanismEngine block

Bearing Caps

Crankshaft
Fuel delivery pump

Camshaft
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The cylinder block is generally a single unit made from cast iron. In a liquid-cooled diesel, the 
block also provides the structure and rigid frame for the engine’s cylinders, water coolant 
and oil passages, and support for the crankshaft and camshaft bearings.

The crankcase is usually located on the bottom of the cylinder block. The crankcase is defined 
as the area around the crankshaft and crankshaft bearings. This area encloses the rotating 
crankshaft and crankshaft counter weights and directs returning oil into the oil pan. The oil 
pan is located at the bottom of the crankcase. The oil pan collects and stores the engine’s 
supply of lubricating oil. Large diesel engines may have the oil pan divided into several 
separate pans.
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3.2 Cylinder Sleeve or Bore 

Diesel engines use one of two types of cylinders. In one type, each cylinder is simply machined 
or bored into the block casting, making the block and cylinders an integral part. In the second 
type, a machined steel sleeve is pressed into the block casting to form the cylinder. With 
either method, the cylinder sleeve (or bore) provides the engine with the cylindrical structure 
needed to confine the combustion gasses and to act as a guide for the engine’s pistons.

In engines using sleeves, there are two types of sleeves, wet and dry. A dry sleeve is 
surrounded by the metal of the block and does not come in direct contact with the engine’s 
coolant (water). A wet sleeve comes in direct contact with the engine’s coolant. The volume 
enclosed by the sleeve or bore is called the combustion chamber and is the space where the 
fuel is burned.

Wet - Sleeve Dry - Sleeve
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In either type of cylinder, sleeved or bored, the diameter of the cylinder is called the bore of 
the engine. Most diesel engines are multi-cylinder engines and typically have their cylinders 
arranged in one of two ways, an in-line or a “V”, although other combinations exits. In an 
in-line engine, as the name indicates, all the cylinders are in a row. In a “V” type engine the 
cylinders are arranged in two rows of cylinders set at an angle to each other that align to a 
common crankshaft. 

3.3 Piston

The piston transforms the energy of the expanding gasses into mechanical energy. 

Bottom 
Compression ring

Piston

Top 
Compression ring

SpacerOil rings

Gudgeon pin

Connecting rod
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The piston rides in the cylinder liner or sleeve. Pistons are commonly made of aluminium or 
cast iron alloys. To prevent the combustion gasses from bypassing the piston and to keep 
friction to a minimum, each piston has several metal rings around it. 

Piston rings Oil throw ring Combustion
Pressure

Compression ring

These rings function as the seal between the piston and the cylinder wall and also act to reduce 
friction by minimizing the contact area between the piston and the cylinder wall. The rings 
are usually made of cast iron and coated with chrome or molybdenum. Most diesel engine 
pistons have several rings, usually 2 to 5, with each ring performing a distinct function. The 
top ring(s) acts primarily as the pressure seal. The intermediate ring(s) acts as a wiper ring to 
remove and control the amount of oil film on the cylinder walls. The bottom ring(s) is an oiler 
ring and ensures that a supply of lubricating oil is evenly deposited on the cylinder walls.

3.4 Connecting Rod 

The connecting rod connects the piston to the crankshaft. The rods are made from drop-
forged, heat-treated steel to provide the required strength. Each end of the rod is bored, 
with the smaller top bore connecting to the piston pin. The large bore end of the rod is split 
in half and bolted to allow the rod to be attached to the crankshaft. Some diesel engine 
connecting rods are drilled down the centre to allow oil to travel up from the crankshaft and 
into the piston pin and piston for lubrication.

Snap
ring

Snap
ring

Pin Connectig
Rod
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A variation found in V-type engines that affects the connecting rods is to position the cylinders 
in the left and right banks directly opposite each other instead of staggered (most common 
configuration). This arrangement requires that the connecting rods of two opposing cylinders 
share the same main journal bearing on the crankshaft. To allow this configuration, one of 
the connecting rods must be split or forked around the other.

3.5 Crankshaft

The crankshaft transforms the linear motion of the pistons into a rotational motion that 
is transmitted to the load. Crankshafts are made of forged steel. The forged crankshaft is 
machined to produce the crankshaft bearing and connecting rod bearing surfaces. The rod 
bearings are eccentric, or offset, from the centre of the crankshaft as illustrated herewith 
below. 

Crankshaft

Bearing

This offset converts the reciprocating (up and down) motion of the piston into the rotary 
motion of the crankshaft. The amount of offset determines the stroke (distance the piston 
travels) of the engine. The crankshaft does not ride directly on the cast iron block crankshaft 
supports, but rides on special bearing material.

Tri-metal bearing

Nickel
barrier

Overlay Aluminum
bonding layer

Steel backSteel back

Aluminum
bearing alloy

Copper
alloy

Tri-metal bearing
with cosmetic tin �ash 

Bi-metal bearing
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The connecting rods also have bearings inserted between the crankshaft and the connecting 
rods. The bearing material is a soft alloy of metals that provides a replaceable wear surface 
and prevents galling between two similar metals (i.e., crankshaft and connecting rod). Each 
bearing is split into halves to allow assembly of the engine. The crankshaft is drilled with oil 
passages that allow the engine to feed oil to each of the crankshaft bearings and connection 
rod bearings and up into the connecting rod itself.

The crankshaft has large weights, called counter weights, that balance the weight of the 
connecting rods. These weights ensure an even (balance) force during the rotation of the 
moving parts.

3.6 Flywheel

A flywheel is a rotating mechanical device that is used to store rotational energy. Flywheels 
have an inertia called the moment of inertia and thus resist changes in rotational speed. The 
amount of energy stored in a flywheel is proportional to the square of its rotational speed. 

The flywheel is located on one end of the crankshaft and serves three purposes. First, through 
its inertia, it reduces vibration by smoothing out the power stroke as each cylinder fires. 
Second, it is the mounting surface used to bolt the engine up to its load. Third, on some diesel 
engines, the flywheel has gear teeth around its perimeter that allow the starting motors to 
engage and crank the diesel.

Fig: 1.12

https://en.wikipedia.org/wiki/Rotational_energy
https://en.wikipedia.org/wiki/Moment_of_inertia
https://en.wikipedia.org/wiki/Rotational_speed
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3.7 Cylinder Heads and Valves 

A diesel engine’s cylinder heads perform several functions. First, they provide the top seal for 
the cylinder bore or sleeve. Second, they provide the structure holding exhaust valves (and 
intake valves where applicable), the fuel injector, and necessary linkages.

Cylinder Head

Spring Close Valves

 Valve Retainer

Housing for 
Thermostat

Diesel engine’s heads are manufactured in one of two ways. In one method, each cylinder 
has its own head casting, which is bolted to the block. This method is used primarily on the 
larger diesel engines. In the second method, which is used on smaller engines, the engine’s 
head is cast as one piece (multi-cylinder head).
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The valves are located in the head casting of the engine. The point at which the valve seals 
against the head is called the valve seat. To seal the cylinder head to the engine block, a 
gasket is fitted. Cylinder head gaskets are made of special material which can withstand high 
temperatures and high pressures. The classical composite head gasket is a compressible 
flat gasket. It consists of a tanged metal carrier sheet, onto which the composite material is 
rolled on both sides, i.e. engine block and cylinder head. 
Metal beads (fire rings) seal the combustion chamber and protect the sensitive composite 
material from overheating. The material surface is impregnated to prevent the gasket 
swelling when it comes in contact with liquid media such as oil, water, or antifreeze. So-
called Viton elements of elastomer materials permit a partial increase of mounting surface 
pressure in the vicinity of oil pressure channels.

3.8 Timing Gears, Camshaft, and Valve Mechanism 

In order for a diesel engine to operate, all of its components must perform their functions at 
very precise intervals in relation to the motion of the piston. To accomplish this, a component 
called a camshaft is used. 
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A camshaft is a long bar with egg-shaped eccentric lobes, one lobe for each valve and fuel 
injector. Each lobe has a follower. As the camshaft is rotated, the follower is forced up and 
down as it follows the profile of the cam lobe. The followers are connected to the engine’s 
valves and fuel injectors through various types of linkages called pushrods and rocker arms. 
The pushrods and rocker arms transfer the reciprocating motion generated by the camshaft 
lobes to the valves and injectors, opening and closing them as needed. 
The valves are maintained closed by springs. As the valve is opened by the camshaft, it 
compresses the valve spring. The energy stored in the valve spring is then used to close 
the valve as the camshaft lobe rotates out from under the follower. Because an engine 
experiences fairly large changes in temperature, its components must be designed to allow 
for thermal expansion. Therefore, the valves, valve pushrods, and rocker arms must have 
some method of allowing for the expansion. 

This is accomplished by the use of valve lash (valve clearance of tappet clearance). Valve lash 
is the term given to the “slop” or “give” in the valve train before the cam actually starts to 
open the valve. The camshaft is driven by the engine’s crankshaft through a series of gears 
called idler gears and timing gears. 

Timing Gears Timing Belt Timing Chain

Some engines are using an timing belt to drive the camshaft. The gears allow the rotation 
of the camshaft to correspond or be in time with, the rotation of the crankshaft and thereby 
allows the valve opening, valve closing, and injection of fuel to be timed to occur at precise 
intervals in the piston’s travel.

To increase the flexibility in timing the valve opening, valve closing, and injection of fuel, and 
to increase power or to reduce cost, an engine may have one or more camshafts. Typically, 
in a medium to large V-type engine, each bank will have one or more camshafts per head. In 
the larger engines, the intake valves, exhaust valves, and fuel injectors may share a common 
camshaft or have independent camshafts.
Depending on the type and make of the engine, the location of the camshaft or shafts varies. 
The camshaft(s) in an in-line engine is usually found either in the head of the engine or in the 
top of the block running down one side of the cylinder bank. 
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3.9 Blower 

The diesel engine’s blower is part of the air intake system and serves to compress the 
incoming fresh air for delivery to the cylinders for combustion. The blower can be part of 
either a turbocharged or supercharged air intake system. Additional information on these 
two types of blowers is provided later in this module.

Compressor wheelTurbine wheel

Exhaust gases Inlet gases (air)

Intercooler

3.10 Engine Cooling 

Nearly all diesel engines rely on a liquid cooling system to transfer waste heat out of the block 
and internals. The cooling system consists of a closed loop similar to that of a car engine and 
contains the following major components: water pump, radiator or heat exchanger, water 
jacket (which consists of coolant passages in the block and heads), and a thermostat.

Thermostat Cooling fluid
waterpump

Filler/pressure cap

Cooling fan

Drain tap

Drain tube
Cylinders
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3.11 Engine Lubrication 

An internal combustion engine would not run for even a few minutes if the moving parts 
were allowed to make metal-to-metal contact. The heat generated due to the tremendous 
amounts of friction would melt the metals, leading to the destruction of the engine. To 
prevent this, all moving parts ride on a thin film of oil that is pumped between all the moving 
parts of the engine.

Once between the moving parts, the oil serves two purposes. One purpose is to lubricate 
the bearing surfaces. The other purpose is to cool the bearings by absorbing the friction-
generated heat. The flow of oil to the moving parts is accomplished by the engine’s internal 
lubricating system.

Oil is accumulated and stored in the engine’s oil pan (sump) where one or more oil pumps 
take a suction and pump the oil through one or more oil filters. The filters clean the oil and 
remove any metal that the oil has picked up due to wear. The cleaned oil then flows up 
into the engine’s oil galleries. A pressure relief valve maintains oil pressure in the galleries 
and returns oil to the oil pan upon high pressure.The oil galleries distribute the oil to all the 
bearing surfaces in the engine.

Once the oil has cooled and lubricated the bearing surfaces, it flows out of the bearing and 
gravity-flows back into the oil pan. In medium to large diesel engines, the oil is also cooled 
before being distributed into the block. 
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3.12 Fuel System
 
All diesel engines require a method to store and deliver fuel to the engine. Because diesel 
engines rely on injectors which are precision components with extremely tight tolerances 
and very small injection hole(s), the fuel delivered to the engine must be extremely clean and 
free of contaminants.

ECU

Electronic
Control UnitCommon Rail System

High Pressure Pump

Fuel Cooler

Common - Rail

The fuel system must, therefore, not only deliver the fuel but also ensure its cleanliness. This 
is usually accomplished through a series of in-line filters. The fuel will be filtered once outside 
the engine and then the fuel will pass through at least one more filter internal to the engine, 
usually located in the fuel line at each fuel injector.
In a diesel engine, the fuel system is much more complex than the fuel system on a simple 
petrol engine because the fuel serves two purposes.

One purpose is obviously to supply the fuel to run the engine; the other is to act as a coolant 
to the injectors. Plus/minus 60% of the fuel to the injectors, is returning to the fuel tank 
after absorbing the heat from the injectors. To meet this purpose of cooling, diesel fuel is 
kept continuously flowing through the engine’s fuel system at a flow rate much higher than 
required to simply run the engine. A diesel fuel passage through the ECU is needed to protect 
the ECU against overheating as this unit is mostly mounted to the engine block. The excess 
fuel is routed back to the fuel pump or the fuel storage tank depending on the application. 

Never allow your engine running on the last 10 litres (or less) of diesel fuel, as time to cool the 
diesel fuel will be less and fuel temperature will increase. Unit injectors are very sensitive to 
proper cooling, and will seize in its pump barrel once temperature has exceeded its maximum 
value.
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3.13 Air Intake System
 
Because a diesel engine requires close tolerances to achieve its compression ratio, and 
because most diesel engines are either turbocharged or supercharged, the air entering the 
engine must be clean, free of debris, and as cool as possible. Also, to improve a turbocharged 
or supercharged engine’s efficiency, the compressed air must be cooled after being 
compressed. The air intake system is designed to perform these tasks. 

In addition to cleaning the air, the intake system is usually designed to intake fresh air from 
as far away from the engine as practicable, usually just outside of the engine’s building or 
enclosure. This provides the engine with a supply of air that has not been heated by the 
engine’s own waste heat. The reason for ensuring that an engine’s air supply is as cool as 
possible is that cool air is more dense than hot air. This means that, per unit volume, cool 
air has more oxygen than hot air. Thus, cool air provides more oxygen per cylinder charge 
than less dense, hot air. More oxygen means a more efficient fuel burn and more power. 
After being filtered, the air is routed by the intake system into the engine’s intake manifold 
or air box. The manifold or air box is the component that directs the fresh air to each of the 
engine’s intake valves or ports. 

If the engine is turbocharged or supercharged, the fresh air will be compressed with a blower 
and possibly cooled before entering the intake manifold or air box. The intake system also 
serves to reduce the air flow noise.

3.14 Turbocharging

Turbocharging an engine occurs when the engine’s own exhaust gasses are forced through a 
turbine, which rotates and is connected to the impeller located in the fresh air intake system. 
The impeller in the fresh air intake system compresses the fresh air. 
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The compressed air serves two functions. First, it increases the engine’s available power by 
increasing the maximum amount of air (oxygen) that is forced into each cylinder. This allows 
more fuel to be injected and more power to be produced by the engine. The second function 
is to increase intake pressure.
This improves the scavenging of the exhaust gasses out of the cylinder. Turbocharging 
is commonly found on high power four-stroke engines. It can also be used on two-stroke 
engines where the increase in intake pressure generated by the turbocharger is required 
to force the fresh air charge into the cylinder and help force the exhaust gasses out of the 
cylinder to enable the engine to run.

3.15 Supercharging

Supercharging an engine performs the same function as turbocharging an engine. The 
difference is the source of power used to drive the device that compresses the incoming fresh 
air. In a supercharged engine, the air is commonly compressed in a device called a blower. The 
blower is driven through gears directly from the engines crankshaft. The most common type 
of blower uses two rotating rotors to compress the air. Supercharging is more commonly 
found on two-stroke engines where the higher pressures that a supercharger is capable of 
generating are needed.

3.16 Exhaust System 
 

The exhaust system releases exhaust gases produced by the engine into the atmosphere.  
It provides the following functions: 

• Enhances engine efficiency by improving the discharge performance of the exhaust gases   
from the engine.  
• Cleans the exhaust gases by removing the harmful elements.  
• Reduces the sounds of the explosion emitted by the exhaust gases. 

Fig: 1.22
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3.17 Muffler

Because the exhaust gases are discharged from the engine at a high temperature and 
pressure, they make explosive sounds if they are released directly. Therefore, a muffler is 
provided to muffle the sound by reducing the pressure and temperature of the exhaust gases

The Exhaust gas of a diesel engine is a major cause of air pollution and contains Oxides of 
Nitrogen (NOx) and Soot. In order to comply with the environmental rules and regulations, 
exhaust systems are equipped with various technology. The level of treatment required to 
meet the standards applicable in a jurisdictions varies and hence the technology incorporated 
is not standard across various market. 

4. Operational Terminology 
Before a detailed operation of a diesel engine can be explained, several terms must be defined. 

4.1 Bore and Stroke 

Bore and stroke are terms used to define the size of an engine. As previously stated, bore 
refers to the diameter of the engine’s cylinder, and stroke refers to the distance the piston 
travels from the top of the cylinder to the bottom. The highest point of travel by the piston 
is called top dead centre (TDC), and the lowest point of travel is called bottom dead centre 
(BDC). There are 180° of travel between TDC and BDC, or one stroke.

TDC

BDC

A=Bore

A

B=Stroke

B
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4.2 Engine Displacement

Engine displacement is one of the terms used to compare one engine to another. Displacement 
refers to the total volume displaced by all the pistons during one stroke. The displacement is 
usually given in cubic inches or litres. To calculate the displacement of an engine, the volume 
of one cylinder must be determined (volume of a cylinder = (itr2)h where h = the stroke). The 
volume of one cylinder is multiplied by the number of cylinders to obtain the total engine 
displacement.

Compression ratio

Stroke

16 X

4.3 Compression Ratio and Clearance Volume
 
Clearance volume is the volume remaining in the cylinder when the piston is at TDC. Because 
of the irregular shape of the combustion chamber (volume in the head) the clearance volume 
is calculated empirically by filling the chamber with a measured amount of fluid while the 
piston is at TDC. This volume is then added to the displacement volume in the cylinder to 
obtain the cylinders total volume.

An engine’s compression ratio is determined by taking the volume of the cylinder with piston 
at TDC (highest point of travel) and dividing the volume of the cylinder when the piston is at 
BDC (lowest point of travel). This can be calculated by using the following formula:

Compression Ratio = displacement volume + clearance volume
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4.4 Degree of Crankshaft Rotation 

All events that occur in an engine are related to the location of the piston. Because the piston 
is connected to the crankshaft, any location of the piston corresponds directly to a specific 
number of degrees of crankshaft rotation. Location of the crank can then be stated as XX 
degrees before or XX degrees after top or bottom dead centre.

4.5 Firing Order 

Firing order refers to the order in which each of the cylinders in a multi cylinder engine fires 
(power stroke). For example, a four cylinder engine’s firing order could be 1-3-4-2. 

                                     0        60       120     180o                             360o                            540o                            720o

Cylinder 1 P E I C

Cylinder 2 E I C P

Cylinder 3 C P E I

Cylinder 4 I C P E

I = Inlet       C = Compression      P = Power         E = Exhaust

This means that the number 1 cylinder fires, then the number 3 cylinder fires, then the 
number 4 cylinder fires, then number 2 cylinder fires, and so on. Engines are designed so 
that the power strokes are as uniform as possible, that is, as the crankshaft rotates a certain 
number of degrees, one of the cylinders will go through a power stroke.             

This reduces vibration and allows the power generated by the engine to be applied to the 
load in a smoother fashion than if they were all to fire at once or in odd multiples.
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4.6 Horsepower 

Power is the amount of work done per unit time or the rate of doing work.  For a diesel engine, 
power is rated in units of horsepower (or Kilowatt). 
Indicated horsepower is the power transmitted to the pistons by the gas in the cylinders 
and is mathematically calculated. Brake horsepower refers to the amount of usable power 
delivered by the engine to the crankshaft. Indicated horsepower can be as much as 15% 
higher than brake horsepower. The difference is due to internal engine friction, combustion 
inefficiencies, and parasitic losses, for example, oil pump, blower, water pump, etc.

1 hp = 735.5watts
The metric horsepower 

= 1st

h =1m

= 75kgm

The ratio of an engine’s brake horsepower and its indicated horsepower is called the 
mechanical efficiency of the engine. The mechanical efficiency of a four-cycle diesel is about 
82 to 90 percent. This is slightly lower than the efficiency of the two-cycle diesel engine. The 
lower mechanical efficiency is due to the additional friction losses and power needed to drive 
the piston through the extra 2 strokes.

Engines are rated not only in horsepower but also by the torque they produce. 
Torque is a measure of the engine’s ability to apply the power it is generating. 
Torque is commonly given in units of lb-ft or Nm..

3

2

1
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5. The Basic Diesel Engine Cycles 
A diesel engine is a type of heat engine that uses the internal combustion process to convert 
the energy stored in the chemical bonds of the fuel into useful mechanical energy. This occurs 
in two steps. First, the fuel reacts chemically (burns) and releases energy in the form of heat. 
Second the heat causes the gasses trapped in the cylinder to expand, and the expanding 
gases, being confined by the cylinder, must move the piston to expand. The reciprocating 
motion of the piston is then converted into rotational motion by the crankshaft.

To convert the chemical energy of the fuel into useful mechanical energy all internal 
combustion engines must go through four events: intake, compression, power, and exhaust. 
How these events are timed and how they occur differentiates the various types of engines. 
All diesel engines fall into one of two categories, two-stroke or four-stroke cycle engines. 
The word cycle refers to any operation or series of events that repeats itself. In the case of a 
four-stroke cycle engine, the engine requires four strokes of the piston (intake, compression, 
power, and exhaust) to complete one full cycle. 

Therefore, it requires two rotations of the crankshaft, or 720° of crankshaft rotation (360° 
x 2) to complete one cycle. In a two-stroke cycle engine the events (intake, compression, 
power, and exhaust) occur in only one rotation of the crankshaft, or 360°.

5.1 Timing 

In the following discussion of the diesel cycle it is important to keep in mind the time frame 
in which each of the actions is required to occur. Time is required to move exhaust gas out of 
the cylinder and fresh air in to the cylinders, to compress the air, to inject fuel, and to burn 
the fuel. If a four-stroke diesel engine is running at a constant 2100 revolutions per minute 
(rpm), the crankshaft would be rotating at 35 revolutions, or 12,600 degrees, per second. One 
stroke is completed in about 0.01429 seconds.



23

TRANSMISSIONS AND DRIVETRAIN

DIESEL ENGINES

BASIC LEVEL MECHANICS 1

5.2 The Four-Stoke Cycle

In a four-stroke engine the camshaft is geared so that it rotates at half the speed of the 
crankshaft (ratio = 1 : 2). This means that the crankshaft must make two complete revolutions 
before the camshaft will complete one revolution. The following section will describe a four-
stroke, normally aspirated, diesel engine having both intake and exhaust valves with a 3.5-
inch bore and 4-inch stroke with a 16:1 compression ratio, as it passes through one complete 
cycle. We will start on the intake stroke. 

All the timing marks given are generic and will vary from engine to engine. 

Valve diagram

TDC

BDC

24
0

44
0

52
0

16
0

EXHAUST INLET

5.3 Intake 

As the piston moves upward and approaches 28° before top dead centre (BTDC), as measured 
by crankshaft rotation, the camshaft lobe starts to lift the cam follower. This causes the 
pushrod to move upward and pivots the rocker arm on the rocker arm shaft. As the valve lash 
is taken up, the rocker arm pushes the intake valve downward and the valve starts to open. 
The intake stroke now starts (24o BTDC) while the exhaust valve is still open. The flow of the 
exhaust gasses will have created a low pressure condition within the cylinder and will help 
pull in the fresh air charge.
The piston continues its upward travel through top dead centre (TDC) while fresh air enters 
and exhaust gasses leave. At about 12° after top dead centre (ATDC), the camshaft exhaust 
lobe rotates so that the exhaust valve will start to close. The exhaust valve is fully closed at 
16° after TDC. This is accomplished through the valve spring, which was compressed when 
the valve was opened, forcing the rocker arm and cam follower back against the cam lobe 
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as it rotates. The time frame during which both the intake and exhaust valves are open is 
called valve overlap (40° of overlap in this example) and is necessary to allow the fresh air to 
help scavenge (remove) the exhaust gasses and cool the cylinder. In most engines, 30 to 50 
times cylinder volume is scavenged through the cylinder during overlap. This excess cool air 
also provides the necessary cooling effect on the engine parts. As the piston passes TDC and 
begins to travel down the cylinder bore, the movement of the piston creates a suction and 
continues to draw fresh air into the cylinder.

5.4 Fuel Injection

Fuel in a liquid state is injected into the cylinder at a precise time and rate to ensure that the 
combustion pressure is forced on the piston neither too early nor too late.
The fuel enters the cylinder where the heated compressed air is present; however, it will 
only burn when it is in a vaporized state (attained through the addition of heat to cause 
vaporization) and intimately mixed with a supply of oxygen. The first minute droplets of fuel 
enter the combustion chamber and are quickly vaporized. 
The vaporization of the fuel causes the air surrounding the fuel to cool and it requires time 
for the air to reheat sufficiently to ignite the vaporized fuel. But once ignition has started, 
the additional heat from combustion helps to further vaporize the new fuel entering the 
chamber, as long as oxygen is present. 

5.5 Power

Both valves are closed, and the fresh air charge has been compressed. The fuel has been 
injected and is starting to burn. After the piston passes TDC, heat is rapidly released by the 
ignition of the fuel, causing a rise in cylinder pressure. Combustion temperatures are around 
1280°C. This rise in pressure forces the piston downward and increases the force on the 
crankshaft for the power stroke.

5.6 Exhaust

As the piston approaches 48° BBDC, the cam of the exhaust lobe starts to force the follower 
upward, causing the exhaust valve to lift off its seat. The exhaust gasses start to flow out 
the exhaust valve due to cylinder pressure and into the exhaust manifold. 

After passing BDC, the piston moves upward and accelerates to its maximum speed at 
63° BTDC. From this point on the piston is decelerating. As the piston speed slows down, 
the velocity of the gasses flowing out of the cylinder creates a pressure slightly lower than 
atmospheric pressure. At 28° BTDC, the intake valve opens and the cycle starts again.
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5.7 Engine Control

The control of a diesel engine is accomplished through several components.

With the continues demand for more environmental friendly diesel engines, mechanical and 
pneumatic governors have been replaced by electronically controlled diesel fuel injection 
systems. Mechanical governors have been replaced by electrical operated solenoid valves, 
sensors, etc. Common rail injection  is one example of such an electronically controlled diesel 
engine. Variable camshaft timing and extreme high fuel pressure during injection, are two 
examples of a better and cleaner fuel injection system.

Common
   Rail

5.8 Fuel Injectors 

Each cylinder has a fuel injector designed to meter and inject fuel into the cylinder at the 
proper instant. To accomplish this function, the injectors are actuated by the engine’s 
camshaft, or hydraulically operated. The injectors meter the amount of fuel injected into the 
cylinder on each stroke. 

The amount of fuel to be injected by each injector is controlled by the ECU and activated by a 
solenoid operated fuel valve. Timing and duration of injection are controlled by the Electronic 
Engine Control Unit.  The accelerator pedal sensor, crankshaft and camshaft sensors (etc.) are 
continuously delivering information to the ECU. Based on this information, the right amount 
of fuel is sent to the engine.
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5.9 Hydraulic Electronic Unit Injection HEUI 

Unit injectors consist of a combination of a fuel pump element and an injection nozzle.
Oil pressure acting on the plunger will increase fuel pressure needed to lift the nozzle of its 
seat. The electronically operated valve, will allow oil under high pressure to pass the valve 
and act upon the pump plunger

Sleeve

Valve

Piston

Pin

Spacer

Check

Fuel Inlet
Check Valve

Lower Fuel Seal

Upper Fuel Seal

Sleeve

Plunger

Washer Adapter

Shim

Solenoid

Armature

Spacer

  Valve body

   Barrel

Nozzle
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Many manufactures have developed their 
own dieselfuel injection systems. 

Continuous adjustments are made by the 
ECU to ensure the most efficient way of fuel 
injection. 

A computer equipped with the necessary 
software is used for trouble shooting the 
system. 

5.10 Starting Circuits 

Diesel engines have as many different types of starting circuits as there are types, sizes, 
and manufacturers of diesel engines. Commonly, they can be started by air motors, electric 
motors, hydraulic motors, and manually. The start circuit can be a simple manual start 
pushbutton, or a complex auto-start circuit. But in almost all cases the following events must 
occur for the starting engine to start.

1. The start signal is sent to the starting motor. The air, electric, or hydraulic motor, will 
engage the engine’s flywheel.

2. The starting motor will crank (Rotate the flywheel) the engine. The starting motor will spin 
the engine at a high enough rpm to allow the engine’s compression to ignite the fuel and 
start the engine running.

3. The engine will then accelerate to idle speed. When the starter motor is overdriven by the 
running motor it will disengage the flywheel.

Because a diesel engine relies on compression heat to ignite the fuel, a cold engine can rob 
enough heat from the gasses that the compressed air falls below the ignition temperature 
of the fuel. To help overcome this condition, some engines (usually small to medium sized 
engines) have glow plugs.  Glow plugs are located in the cylinder head of the combustion 
chamber and use electricity to heat up the electrode at the top of the glow plug. The heat 
added by the glow plug is sufficient to help ignite the fuel in the cold engine. Once the engine 
is running, the glow plugs are turned off and the heat of combustion is sufficient to heat the 
block and keep the engine running.
Larger engines usually heat the block and/or have powerful starting motors that are able to 
spin the engine long enough to allow the compression heat to fire the engine. Some large 
engines use air start manifolds that inject compressed air into the cylinders which rotates the 
engine during the start sequence.
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6. Engine Protection 
A diesel engine is designed with protection systems to alert the operators of abnormal 
conditions and to prevent the engine from destroying itself.

An over speed device, usually some type of mechanical flyweight, will act to cut off fuel to 
the engine and alarm at a certain preset rpm. This is usually accomplished by isolating the 
governor from its oil supply, causing it to travel to the no-fuel position, or it can override the 
governor and directly trip the fuel rack to the no-fuel position.

Engines equipped with electronic engine controls, are also equipped with sensors controlling 
the engine oil pressure, temperature, etc. Any abnormality will be reported to the ECU and 
action will be taken (by electric operated actuators). 

Some engines are equipped with a start stop system, to reduce air pollution. 
Operating the clutch will start the engine without having to turn the ignition switch.

6.1 Overheating of Water-cooled engines

Water-cooled engines can overheat if the cooling water system fails to remove waste heat. 
Removal of the waste heat prevents the engine from seizing due to excessive expansion of 
the components under a high temperature condition. The cooling water jacket is commonly 
where the sensor for the cooling water system is located.

The water jacket temperature sensors provide early warning of abnormal engine temperature, 
usually an alarm function only. The set point is set such that if the condition is corrected in a 
timely manner, significant engine damage will be avoided. But continued engine operation 
at the alarm temperature or higher temperatures will lead to engine damage.

6.2 Exhaust 

In a diesel engine, exhaust temperatures are very important and can provide a vast amount 
of information regarding the operation of the engine. High exhaust temperature can indicate 
an overloading of the engine or possible poor performance due to inadequate scavenging 
(the cooling effect) in the engine. Extended operation with high exhaust temperatures can 
result in damage to the exhaust valves, piston, and cylinders. The exhaust temperature 
usually provides only an alarm function.
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6.3 Low lubrication pressure

Low oil pressure or loss of oil pressure can destroy an engine in short order. 
Therefore, most medium to larger engines will stop upon low or loss of oil pressure. Loss of oil 
pressure can result in the engine seizing due to lack of lubrication Engines with mechanical-
hydraulic governors will also stop due to the lack of oil to the governor.

The oil pressure sensor usually stops the engine. The oil pressure sensors on larger engines 
usually have two low pressure set points. One set point provides early warning of abnormal 
oil pressure, an alarm function only. The second set point can be set to shut down the engine 
before permanent damage is done.

6.4 High crankcase pressure

High crankcase pressure is usually caused by excessive blow-by (gas pressure in the cylinder 
blowing by the piston rings and into the crankcase). The high pressure condition indicates 
the engine is in poor condition. The high crankcase pressure is usually used only as an alarm 
function. 

Compression
            Stroke

Escaping
            Air

Escaping
  Exhaust
    Gases

             Power
            Stroke
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7. Practical Exercise
I) Identify the Make and Model of the given engine and select suitable repair manual. 

Disassemble the engine in the same sequence as mentioned in the repair manual.

Notes: 
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II) Conduct component inspection by referring to the repair manuals

Notes: 
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Write short notes on the following

a) Cylinder head and block warpage inspection

b) Piston inspection

c) Connecting rod inspection
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d) Cylinder bore measurement

e) Crankshaft Inspection

f) Selecting crankshaft thrust bearing / washer size
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g) Piston Rings Inspection and Setting

h) Procedure for torquing Crank pulley / vibration damper and Cylinder head bolts

I) Methods of cleaning / Inspection of oil gallery and coolant passage
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III) Reassemble the engine by referring to the repair manual.

Notes: 
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IV) Engine Valve Lash – (valve clearance / tappet clearance)

Inspection and Adjustment
To prevent possible injury, do not use the starter to turn the flywheel. 
Hot engine components can cause burns. 
Allow additional time for the engine to cool before measuring valve clearance

Given a 4-stroke diesel engine, you are to carry out the following:
Inspection and adjustments of all Inlet and Exhaust valves.

1) Select the correct tools and accessories

2) Use the correct workshop manual

3) Valve adjustment is done on a cold engine

4) Use a torque wrench, if necessary

5) Check valve overlap for finding TDC

6) In case your engine is equipped with valve rotators, use the right and safe procedure 
to check the operation of the valve rotators
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V) Valve Lash Setting
The valve lash setting is for a cold engine.
Valve lash setting (example);
Inlet valve ... 0.015 inch ( 0.38 mm )
Exhaust valve ... 0.025 inch ( 0.64 mm )

Check the manual belonging to your engine for the right specifications.

Question:  Why do Exhaust valves require more valve clearance than Inlet valves ?

Answer: 

Please note:  At some engines, inlet- and exhaust valve clearance is the same.

http://troubleshooting-heavy-equipment.blogspot.nl/2013/07/c05-c07-c113011c-c153013c-c16-and_1434.html
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VI) Valve Lash Adjustment
If the valve lash requires adjustment several times in a short period of time, excessive wear 
exists in a different part of the engine. Repair the problem in order to prevent more damage 
to the engine.

•	 Not enough valve lash can be the cause of rapid wear of the camshaft and valve 
lifters. 

•	 Not enough valve lash can indicate that the seats for the valves are worn.
•	 Not enough valve lash can cause the exhaust valves to burn.
•	 Not enough valve lash can cause a hot engine failing to start.

Valves become worn due to the following causes:
•	 Incorrect operation of fuel injectors
•	 Excessive dirt and oil are present on the filters for the inlet air.
•	 Incorrect fuel settings on the fuel injection pump.
•	 The load capacity of the engine is frequently exceeded.

Too much valve lash can cause broken valve stems, springs, and spring retainers.

Too much valve lash can be an indication of the following problems:
•	 Worn camshaft and valve lifters
•	 Worn rocker arms
•	 Bent pushrods
•	 Broken socket on the upper end of a pushrod
•	 Loose adjustment screw for the valve lash

If the camshaft and valve lifters show rapid wear, look for fuel in the lubrication oil or dirty 
lubrication oil as a possible cause. The valve lash is measured between the top of the valve 
stem and the rocker arm lever. 

http://troubleshooting-heavy-equipment.blogspot.nl/2013/07/c05-c07-c113011c-c153013c-c16-and_1434.html
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VII) Valve Lash Adjustment for Four Cylinder Engines

3

1 0.5
0m

m

0.4
0m

m0.35mm0.30mm
0.20mm
0.15mm

0.06mm

0.60mm

0.10mm

2

 

Setting the valve lash
 
(1) Feeler gauge       (2) Adjustment screw (with lock nut)   (3) Screw driver (flat)

Typical example of a four cylinder engine;

1. Rotate the crankshaft in a clockwise direction (seen at front of engine) until the 
exhaust valve of No. 1 cylinder is nearly closed and the inlet valve for No. 1 cylinder 
is starting to open (valve overlap)

2. Piston of cylinder number 1 and cylinder number  4 are now at TDC

3. With both, inlet and exhaust valve in overlap position (cyl.no. 1), you can measure 
the clearance between inlet and exhaust valve of cylinder number 4

4. If a valve needs adjustment, loosen the valve adjustment screw locknut that is on 
the adjustment screw

5. Place the appropriate feeler gauge between the rocker arm and the valve. 

6. Adjust the valve lash until the correct specification is achieved

7. After each adjustment, tighten the valve adjustment screw locknut while 
adjustment screw is being held from turning

http://troubleshooting-heavy-equipment.blogspot.nl/2013/07/c05-c07-c113011c-c153013c-c16-and_1434.html
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8. Rotate the crankshaft in a clockwise direction through an additional 360 degrees 
and check for valve overlap at cylinder number 4. Now you are ready to check valve 
lash on both valves of cylinder number 1

9. Rotate the engine crankshaft in a clockwise direction until the exhaust valve for No. 
2 cylinder is nearly closed and the inlet valve for No. 2 cylinder is starting to open. 
You can now check valve lash at cylinder No. 3

10. Rotate the engine crankshaft in a clockwise direction until the exhaust valve for No. 
3 cylinder is nearly closed and the inlet valve for No. 3 cylinder is starting to open. 
You can now check valve lash at cylinder No. 2

Understanding the working of an engine will help you to perform valve adjustment with 
minimum crankshaft rotation.  A training model mounted on a stand, can easy be rotated, 
but once fitted in an engine compartment, it will be more difficult to turn the crankshaft. 
Observe the working diagram of a 4 cylinder four stroke engine pictured herewith below, 
and name the valves that can be adjusted when both valves of cylinder number 1 are in 
overlap.

                                  0        60     120    180o                         360o                        540o                           720o

Cylinder 1 P E I C

Cylinder 2 E I C P

Cylinder 3 C P E I

Cylinder 4 I C P E

I = Inlet       C = Compression      P = Power         E = Exhaust

Answer: With valve overlap on cylinder No.1, both inlet- and exhaust valves of cylinder 
No.4 can be adjusted. Holding the crankshaft in the same position, exhaust valve of cylinder 
No.2 and Inlet valve of cylinder No.3 can be adjusted. 

Name the valves that are ready for adjustment when the crankshaft is rotated another 360o 
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VIII) Valve Lash Adjustment for Three Cylinder Engines

1. Rotate the crankshaft in a clockwise direction until the exhaust valve for No. 1 cylinder is 
nearly closed and the inlet valve for No. 1 cylinder is starting to open.

2. The valve lash on the inlet valve of No. 2 cylinder, and the exhaust valve of No. 3 
cylinder can now be inspected. If necessary, make adjustment.

a. Loosen the valve adjustment screw locknut that is on adjustment screw 

b. Place the appropriate feeler gauge between the rocker arm and the valve. Turn 
adjustment screw while the valve adjustment screw locknut is being held from 
turning.

c. Adjust the valve lash until the correct setting is achieved.

d. After each adjustment, tighten the valve adjustment screw locknut while adjustment 
screw is being held from turning.

3. Rotate the crankshaft in a clockwise direction until the exhaust valve for No. 2 cylinder 
is nearly closed and the inlet valve for No. 2 cylinder is starting to open.

4. The valve lash on the inlet valve of No. 3 cylinder, and the exhaust valve of No. 1 cylinder 
can now be inspected. If necessary, make adjustment. In order to adjust the valve lash, 
repeat Step 2.a through Step 2.d.

5. Rotate the crankshaft in a clockwise direction until the exhaust valve for No. 3 cylinder is 
nearly closed and the inlet valve for No. 3 cylinder is starting to open.

6. The valve lash on the inlet valve of No. 1 cylinder, and the exhaust valve of No. 2 cylinder 
can now be inspected. If necessary, make adjustment. In order to adjust the valve lash, 
repeat Step 2.a through Step 2.d.
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Valve adjustment on engines equipped with Overhead camshaft(s), bucket driven

There is a difference in valve adjustment between rocker driven valves and bucket driven 
valves. Adjusting valve clearance on bucket driven valves, you need to check for clearance, 
note it down, and remove the camshaft to get access to the buckets. Inside the buckets are 
shims. By adding or removing the shims having the right thickness, proper valve clearance 
can be obtained. 

ROCKER-DRIVEN BUCKET-DRIVEN

MEASURE
WITH

GAUGE
HERE

REPLACE
ADJUST

SHIM HERE

MEASURE WITH 
  GAUGE HERE

   ADJUST
GAP HERE

Tools you will need:
•	 Spanners, T-bars and 

socket set
•	 Allen keys
•	 Tie-wire
•	 Magnet
•	 Vernier calipers
•	 Feeler gauges
•	 Workshop manual
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Depending on the type of engine, the procedure of adjusting bucket driven valves are 
as follows:

Remove the camshaft
To remove the camshafts, which is necessary to access the valves that are out of spec, the 
first step is to remove the journal holder. Undo the bolts in the order recommended by your 
manufacturer to prevent the holder from warping. Two dowel pins keep the cam and journal 
holder aligned, so make sure you take care to grab them (or they can easily fall down into the 
engine). Then lift the cam(s) out of the seats to access the buckets and shims. Wrap the cams 
in cotton while out of the bike.

Timing Chain
If you’re only adjusting the valves under one camshaft (either the inlet or exhaust, but not 
both), then simply zip-tie the timing chain to the cam gear of the cam not removed. If you’re 
removing both cams, it’s important not to let the chain fall down into the casings, so fasten 
a piece of tie wire around the chain and leave a long end that you can secure to the frame. 
Another option is to simply put a screwdriver under the chain as shown here.

Remove Buckets
Using a pair of long-nosed pliers, carefully lift the buckets off the top of the valves.         Use 
only enough force as required to keep a firm grip on the buckets to prevent damaging them. 
The shim will then either be sitting on the valve top or stuck up inside the bucket. Keep a 
magnet on hand and perform this process carefully to ensure you don’t lose any shims down 
the engine or onto the floor. Keep the buckets and shims together and write down which 
valve they came off.

Measure Shims
Using a pair of Vernier callipers and measure the shims for the valves that need adjustment. 
As you will have written down the clearances earlier, you will use your measurement from 
the old shim to calculate the new shim needed.
 Manufacturers use shims in the manufacturing process to counter for tolerance variances in 
the buckets, cams, valves and head. Naturally, not all inlet or exhaust shims will be the same.
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Reassemble
Once you’ve got the correct shims in place, it’s time to reinstall the shims, buckets, cam, 
journal holder, timing chain and valve cover. Make sure you keep the timing chain tight and 
install it on the correct cam teeth, following your manufacturer’s instructions, so you don’t 
get the timing wrong. Also use the recommended specs for tightening the journal holder.

Doing the calculations
Valve clearances are usually measured in hundredths of a millimetre. 

On a piece of paper, draw circles representing each valve, and the valve clearance above it. 
In our case, an inlet valve was out of tolerance at 0.08mm, so we removed that bucket and 
shim. The shim measured 1.84mm, or 184 hundredths, which we wrote inside the circle. 

We aimed for a clearance of 0.13mm, being the 
upper-end of the tolerance spectrum, to allow 
for future wear. 

This meant selecting a shim 0.05mm (0.13mm 
– 0.08mm) smaller than 184, being a 179. 
Repeat this process for every shim that is out 
of tolerance.

Micrometer
In case of using a Vernier caliper, it might be 
better using a micrometer to measure the 
thickness of the shims. 
More accurate.
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Hydraulic valve lifters
Besides the previous discussed types of valve 
adjustments, hydraulic valve lifters do not require 
periodic adjustments. 

Hydraulic valve lifters are automatically holding 
the right valve clearance when  the engine is hot 
or cold.  

Operation of hydraulic valve lifters



46

DIESEL ENGINES

BASIC LEVEL MECHANICS 1

Practical exercise, valve adjustment.

Report your findings in the space below
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