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Fuel System

The fuel system supplies fuel to the engine. It also
has the functions to remove trash or dust and to
regulate the volume of fuel supply.

El Fuel tank

A container for storing fuel.

El Fuel pump

Pumps fuel from the fuel tank to the engine.

El Fuel filter

Contains a filter element to remove contamination
from the fuel.

El Pressure regulator

Regulates the fuel pressure at an optimal level at
all times, resulting in a stable fuel injection.

E Injector

Inject fuel into the intake manifold for the respective
cylinders.

@ Fuel tank cap

This covers the fuel tank. A valve is attached to
keep the pressure constant in the tank.

1)

Fuel Pump

Pumps fuel from the fuel tank to the engine, thus
enabling the fuel pipe to maintain a fixed pressure.
There is an in-tank type that is located inside the
tank, and an inline type that is located in the middle
of the fuel pipe.

There are different ways in which a pump is driven;
the EFI (Electronic Fuel Injection) system uses an
electrically driven pump with a motor.

* Electric type
In-tank type (turbine type)
Inline type (rotor type)

[l Motor
E Turbine type pump impeller
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Fuel Injector

In response to signals from the ECU (Electronic
Control Unit), the coil pulls on the plunger and
opens the valve to inject the fuel.

Injector
Grommet
Nozzle
O-ring
Valve
Coil
Plunger
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Fuel that is injected from the fuel injector mixes
with air, and the mixture is sent to the cylinder.

To achieve an optimal air-fuel mixture ratio, the
ECU (Electronic Control Unit) regulates the
injection timing and injection volume.

The injection volume is regulated by the duration of
injection.

Injector
E Intake port

(212)

REFERENCE:

D-4 (Direct Injection 4-Stroke Gasoline Engine)

In a D-4, fuel is not injected into the manifold as in
the port injection type, it is injected directly into the
combustion chamber. Therefore, this system can
regulate the timing and volume of fuel injection
precisely. The piston head has been designed in a
special shape to facilitate the mixing of air and fuel
in the combustion chamber.

D-4 type
Port injection type

Injector
Piston
Fuel
Intake port

OEpEE oA

(1/1)

Fuel Filter

Removes contamination from the fuel.

To prevent them from being pumped into the
injectors, a paper filter is used to remove
contamination.

The fuel filter assembly must be replaced at regular
intervals.

Fuel filter (case integrated type)
El Fuel pump assembly
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Lubrication System
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Pressure Regulator

Regulates the fuel to a set pressure, so there is
always a stable fuel supply.

El Pressure regulator
El Fuel pump assembly

(1/1)

Outline

The lubrication system uses an oil pump to
continuously supply engine oil throughout the
inside of the engine. This system reduces friction
between parts with a film of oil. If the engine is run
without oil, the function can be cause it to run
poorly, or cause even meltdown. In addition to
lubrication, engine oil cools and cleans the engine.

El Oil pan

An oil containes that is located at the bottom of the
engine.

E Oil strainer

Metal mesh located at the oil inlet to remove large
dust particles.

El Oil pump

Pumps oil that has accumulated in the oil pan to
the various areas of the engine.

El Dip stick (Level gauge)

This gauge is used for checking the oil level and for
oil contamination.

E Oil pressure switch

This switch monitors whether or not the pressure of
the engine oil is normal. Transmits an electric
signal to a warning light.

@ Oil filter

Filters the fine dust or metal particles that cannot
be removed with the oil strainer.

(1/2)

Oil Pump

Trochoid Pump

Contains a drive rotor and a driven rotor with
different axis. The rotational movement of these
rotors causes the clearance between the rotors to
fluctuate, thus resulting in a pumping action.

The drive rotor is driven by the crankshatft.

A relief valve is provided in the pump to prevent the
oil pressure from exceeding a prescribed value.

El Drive rotor

[ Driven rotor
E] Relief valve
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REFERENCE:

Gear pump:

When the drive gear coupled to the crankshaft
rotates, the size of the gap between the drive gears
changes, and the oil located between the tooth
flank and the crescent is pumped.

Drive gear
El Driven gear
El Crescent
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Qil Filter

The oil filter removes contamination from the
engine oil, such as metallic particles, and keeps the
engine oil clean.

It contains a check valve to keep oil in the filter
while the engine is stopped. This is so the filter
always contains oil when the engine is started.

It also contains a relief valve to allow oil to be
transmitted to the engine when the filter is choked
up.
=) Oil Flow An ol filter is a periodic replacement part, and must
_ _ be replaced as an assembly at the prescribed
* Ol Flow While the .
Reliet Valve Operates mileage.

Check valve
El Element

El Case

E] Relief valve

(1/1)

Oil Pressure Warning Light (Oil Pressure
Gauge)

This device warns the driver whether or not the oil
pressure that is generated by the oil pump and
supplied to the various areas of the engine is
normal.

An oil pressure switch (sensor) in the oil passage
monitors the state of the oil pressure, and alerts the
driver on the combination meter if the oil pressure
does not increase after the engine has been
started.

] Oil Pressure switch

[ Combination meter

E Oil pressure warning light:Indicates an
abnormal condition (low oil pressure) by
illuminating a warning light.

(1/1)
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Cooling System
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Outline

The cooling system regulates the engine
temperature to an optimal level (80 to 90°C at
coolant temperature) by circulating the coolant
throughout the engine.

The cooling fan cools the coolant in the radiator
and water pump circulates the coolant through the
cylinder head and the cylinder block.

Radiator
Reservoir tank
Radiator cap
Cooling fan
Water pump
Thermostat
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Coolant flow

The force of the water pump causes the coolant to
circulate through the coolant circuit. The coolant
absorbs heat from the engine and dissipates it into
the atmosphere through the radiator. The coolant
that has thus been cooled then returns to the
engine.

(212)

Radiator

The radiator cools the coolant that has reached a
high temperature. The coolant in the radiator
becomes cooled when the tubes and fins of the
radiator are exposed to the airflow created by the
cooling fan, and the airflow created by the vehicle's
motion.

HINT:

An optimal concentration level of LLC (Long Life
Coolant) is established for the particular ambient
temperature in each region. In addition, LLC must
be replaced regularly.

(1/4)



Pressure valve

Vacuum valve
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Radiator cap

A radiator cap contains a pressure valve that
pressurizes the coolant.

The temperature of the coolant under pressure
increases to above 100°C, which creates a greater
difference between the coolant temperature and
the air temperature. As a result, the cooling
efficiency is improved.

A pressure valve opens and sends coolant back to
the reservoir tank when the radiator pressure is
increased.

A vacuum valve opens to discharge the coolant
from the reservoir tank when the radiator is
decompressed.

Pressure goes up, during increasing pressure
(high temperature)

Pressure lowers, during decreasing pressure
(cooling)

(2/4)

Cooling fan
This fan directs a large volume of air to the radiator
in order to enhance the cooling effect.

Electric cooling fan system
Senses the temperature of coolant, and operates
the fan only when the water temperature is high.

Ignition switch

Relay

Cooling fan

Water temperature switch

(3/4)

Cooling fan with the fluid coupling
Driven with a drive belt, and rotates the fan with a
fluid clutch of silicon oil. Lowers the speed of the
rotation at low coolant temperature.

Electronically controlled hydraulic cooling

fan system
Drives the fan with a hydraulic motor.
ECU (Electronic Control Unit) regulates the
hydraulic that flows into the hydraulic motor.
Controls the speed of rotations of the fan to always
keep an appropriate exposed volume of air in to the
radiator.

Cooling fan

Fluid coupling

Pulley

Water pump

Hydraulic motor

Water temperature sensor
Hydraulic pump
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Reservoir Tank

The reservoir tank is connected to the radiator in
order to store the overflowed coolant from the
radiator, and prevent it flowing outside.

As the temperature of the coolant in the radiator
increases, it expands and flows into the reservoir
tank. As the radiator cools, it draws up the coolant
from the reservoir tank.

Reservoir tank
Reservoir tank hose
Rediator

(1/1)

REFERENCE:

Completely sealed coolant system

The completely sealed coolant system has a
radiator cap over the reservoir tank, not over the
radiator, so that pressure is applied to the entire
coolant circuit.

A pressure valve seals the coolant circuit to
prevent the loss of coolant through evaporation,
and to prevent the coolant from deteriorating
through contact with air.

Radiator reservoir tank
Water inlet

Radiator

Radiator cap

(1/1)
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Water Pump

This pump supplies the coolant into the coolant
circuit.

A drive belt is used to transmit the rotational
movement of the crankshaft to drive the water

pump.

Water pump

(/1)

Thermostat

The thermostat is the part that warms the engine
quickly and regulates the temperature of the
coolant. It's located in the passage between the
radiator and the engine. When the coolant
temperature becomes high, the valve to the
radiator opens to cool the engine.

There are two types of thermostats:

‘With bypass valve' type for bottom bypass types,
and 'Without bypass valve' type for inline bypass
types.

With bypass valve
Without bypass valve

Valve
Cylinder
Bypass valve
Wax

Jiggle valve
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Operation of bottom bypass type

A thermostat is situated in the inlet side of the
water pump. The thermostat contains a bypass
valve; when the temperature of the coolant
increases and the thermostat opens, the bypass
closes.

Compared to the inline bypass type, the bottom

bypass type has the following characteristics:

1. It has a large bypass that ensures a uniform
temperature distribution in the engine during
warm-up.

2. It completely closes the bypass during engine
warm-up or at high temperatures, resulting in a
better cooling efficiency.

3. The thermostat reacts sensitively to stabilize the
coolant temperature.

Thermostat
Bypass
Radiator
Water pump
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Exhaust System
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Operation of inline by-pass type

The bypass remains open at all times, and the
passage to the radiator is closed by the thermostat
during warm-up. Therefore, the coolant passes
through the bypass.

As the temperature of the coolant increases, the
thermostat opens, allowing the coolant to flow into
the radiator. At this time, a small amount of coolant
also flows through the bypass.

Thermostat
Bypass
Radiator
Water pump

(3/3)

Outline

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.

Exhaust manifold

TWC (Three-Way Catalytic Converter)
Exhaust pipe

Muffler

(1/1)
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Catalytic Converter

The catalytic converter is located in the middle of
the exhaust system to remove the harmful
elements from the exhaust gases.

The harmful elements in the exhaust gases include
CO (carbon monoxide), HC (hydrocarbons), and
NOX (nitric oxides).

There are two types of catalytic converters :

1. OC (Oxidation Catalyst) which cleans CO and
HC in the exhaust gases by catalysis with
platinum and palladium.

2. TWC (Three-Way Catalytic) which cleans CO,
HC, and NOx in the exhaust gases by catalysis
with platinum and rhodium.

Monolithic type catalytic converter

Outer shell
Wire net
Monolithic catalyst

)

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.

(1/1)



Exercise
Question-1

Mark each of the following statements True or False
No. Question

In the gasoline engine of a vehicle, the camshaft revolves once for
every two revolutions of the crankshatft.

2 The fuel injection volume of an EFI engine varies in accordance with
the duration of the injection of the injectors.

3 An oil filter contains a check valve. This prevents the flow of the
engine oil from stopping, as a result of a clogged filter.

4 The water pump is driven by the rotational movement of the
crankshatft via the drive belt.

The throttle valve operates in unison with the accelerator pedal to
regulate the volume of fuel that is drawn into the cylinders.

Question-2

Which one of the following statements is true about the exhaust system?

True or False

True j
True j
True j

True j

True j

False

False

False

False

False

Correct
Answers

115 1

j 1. The catalytic converter returns the exhaust gases to the intake manifold in order to reburn the

harmful gases that are contained in the exhaust gases.

j 2. The exhaust manifold rapidly lowers the temperature of the exhaust gases to enable the catalytic

converter to function efficiently.

j 3. The muffler releases the gases that are discharged by the engine directly into the atmosphere.

j 4. The three-way catalyst cleans the CO (carbon monoxide), HC (hydro carbon gas), and NOx (oxides

of nitrogen) found in the exhaust gases.

Question-3
Which one of the following statements is true about a thermostat?

j 1. The thermostat that is used in a bottom bypass system is the type without a bypass valve.

j 2. The functions of the thermostat are to warm up the engine after it has been started and to regulate

the temperature of the coolant.

j 3. The thermostat raises the boiling point of the coolant and pressurizes the coolant.

j 4. The thermostat regulates the temperature of the coolant by varying its concentration.
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Question-4
The diagrams below show the four strokes of a 4-cycle gasoline engine.

Q4-1. From word group A, select the words that are applicable to the numbers given in parentheses '()".
Q4-2. From word group B, select the phrases that appropriately describe the respective strokes.

(2) ( ) Stroke (2) () Stroke (3) ( ) Stroke (4) ( ) Stroke

A a) Compression b) Exhaust c) Intake d) Combustion

e) The exhaust valve closes and the intake valve opens. The downward stroke of the piston causes the air-fuel mixture
to be drawn into the cylinder via the open intake valve.

f) Both the intake and exhaust valves are closed. The compressed air-fuel mixture combusts and explodes. The force
of this explosion pushes the piston downward.

g) Both the intake and exhaust valves are closed. The air-fuel mixture that is drawn into the cylinder is compressed by
the upward stroke of the piston.

h) The intake valve closes and the exhaust valve opens. The exhaust gases that result from the combustion are
discharged outside of the cylinder.
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