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2. Intake system

In a gasoline engine, the air-fuel mixture is
exploded in the engine, and this force is converted
into a rotational movement to move the vehicle.
To operate the engine, various systems are
provided in addition to the engine proper.






‘ 6. Exhaust system
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Operation

To generate power to move the vehicle, gasoline
engines repeat the following four strokes:

Intake Strok
* Intake stroke

’ ‘ « Compression stroke
» Combustion stroke
~ ‘ They draw in an air-fuel mixture to the cylinders,
compress it, ignite and combust it, then discharge
it. Repeating these four actions gives gasoline

engines their power. This type of engine is called a
4-cycle engine.
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Intake stroke

The exhaust valve closes and the intake valve
opens. The downward stroke of the piston causes
Intake Stroke the air-fuel mixture to be drawn into the cylinder

' ‘ from the open intake valve.
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Compression stroke

The piston completes its downward stroke and the
intake valve closes. The air-fuel mixture that is
drawn into the cylinder becomes highly
compressed with the upward stroke of the piston.

Combustion stroke

When the piston is about to complete its upward
stroke, current flows to the spark plug, thus
creating a spark. This is then followed by the
combustion of the compressed air-fuel mixture and
an explosion. This explosion pushes the piston
downward, causing the crankshaft to rotate.

Exhaust stroke

The exhaust valve opens as the piston is about to
complete its downward stroke. Then, the exhaust
gases that result from the combustion are
discharged outside of the cylinder.
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Valve mechanism
The intake and exhaust valves open and close in
accordance with the rotation of the camshafts.

The camshaft revolves once (to open and close the

valves once) with 2 revolutions of the crankshaft (2
reciprocal movements of the pistons).

(2/2)



Engine Proper

Composition

The engine is the most important of the parts that
make a vehicle run. For this purpose, each and
every component is made from precision parts.

1. Cylinder head

2. Cylinder block



3. Piston

4. Crankshaft

5. Flywheel



6. Valve mechanism

7. Drive belt

8. Oil pan
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In-line 4 cylinders 1-2-4-3
In-line 6 cylinders 1-5-3-6-2-4
V-type 6 cylinders 1-2-3-4-5-6
V-type 8 cylinders 1-8-4-3-6-5-7-2

Cylinder Head and Cylinder Block

Cylinder head

Parts that form a combustion chamber with the
piston in the depression in the bottom of the
cylinder head.

Cylinder block

Parts that form the skeletal structure of the engine.
To operate the engine smoothly, several cylinders
are used.

Cylinder head
Gasket
Cylinder block
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Cylinder arrangement
The following cylinder arrangements are generally
used:

In-line type
This is the most common type, in which the
cylinders are arranged in a single line.

V-type
The cylinders are arranged in a V-shape. The
engine is shorter than an in-line type with the same
number of cylinders.

Horizontally opposed type
The cylinders are arranged in horizontally opposing
directions, with the crankshaft in the middle.
Although the engine becomes wider, its overall

height is decreased.
(2/2)

Number of cylinders

In order to minimize the vibrations from the vertical
movement of the pistons, and give a smooth ride,
an engine has multiple cylinders.

Generally, the larger numbers of cylinders, the
smoother the engine rotates, and the less it
vibrates.

In-line engines usually come with 4 or 6 cylinders,
and V type engines with 6 or 8 cylinders.

A 4-cycle gasoline engine:

In a 4-cylinder engine, 4 explosions occur with
every 2 revolutions of the crankshatft.

In an 8-cylinder engine, 8 explosions occur.

To enable the engine to run smoothly, the basic
firing order of the cylinders is determined,
depending on the number of cylinders.

(1/1)
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Piston, Crankshaft, Flywheel

Piston

The piston moves vertically in the cylinder, as a
result of the pressure generated by the combustion
of the air- fuel mixture.

Crankshaft

The crankshaft changes the linear movement of the
piston into a rotational movement via a connecting
rod.

Flywheel

The flywheel is made of a heavy steel disc, and
converts the rotational movement of the crankshaft
into inertia. Thus, it can output a stable rotational
force.

Piston

Piston pin
Connecting rod
Crankshaft

Flywheel @)

Drive Belt

The drive belt transmits the rotational power of the
crankshaft to the alternator, power steering pump,
and A/C compressor via pulleys. Normally, an
automobile has two or three belts.

A drive belt must be inspected for proper tension
and wear, and replaced at the prescribed intervals.

Crankshaft pulley

Power steering pump pulley
Alternator pulley

Water pump pulley

A/C compressor pulley

V-Belt
This belt has a V-shaped cross section to
ensure transmission efficiency.

V-Ribbed Belt

This belt has V-shaped ribs on the surface that
come in contact with the pulley. Its advantages
are its thinness and minimal wear and stretch.

1)
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Serpentine belt drive system

The serpentine drive system uses a single V-ribbed
belt to operate the alternator, water pump, power
steering pump or A/C compressor.

Compared to an ordinary drive belt, it offers the
following features:

« Shortens the overall length of the engine.

» Reduces the number of parts.

» Reduces the weight.

V-ribbed belt

Crankshaft pulley

Idler pulley (Auto tensioner)
Power steering pump pulley
Alternator pulley

Water pump pulley

A/C compressor pulley

(1)



QOil Pan

This is an oil container, made of steel or aluminum.
An oil pan contains a deep depression and
partitions so that even when the vehicle is on an
incline, a sufficient volume of oil will be available at
the bottom of the oil pan.

Oil pan No. 1
Oil pan No. 2

Oil pan without partition
Oil pan with partitions

(1)

Valve Mechanism

A valve mechanism is a group of components that
opens and closes the intake and exhaust valves in
the cylinder head at the appropriate timing.

Crankshaft
Timing sprocket
Timing chain
Intake camshaft
Intake valve
Exhaust camshaft
Exhaust valve

* The diagram shows a VVT-i system valve

mechanism.
(1/3)

-11-



REFERENCE:

Valve mechanism types

There are various types of valve mechanism,
depending on the position and the number of the
camshatfts.

DOHC (Double Overhead Camshatft)
This type contains two camshafts, and each
camshaft moves the valves directly, ensuring a
precise movement of the valves.

Compact DOHC
This type contains two camshafts, one of which is
actuated by a set of gears. The cylinder head
construction is made more simple and compact
than the ordinary DOHC.

Timing Belt
Scissors gear
Camshatft
(a/2)

OHC (Overhead Camshaft)
This type uses a single camshaft to actuate all the
valves through the rocker arms.

OHV (Overhead Valve)
This type has a camshatft inside the cylinder block
and requires push rods and rocker arms to open
and close the valves.

Timing belt
Camshaft
Push rod
Rocker arm

(2/12)

Timing chain
This chain transmits the rotational movement of the
crankshaft to the camshafts.

Timing chain

Camshaft sprockets
Crankshaft sprocket

(2/3)



VVT-i controller
Water temp. sensor
Crankshaft position sensor

Intake System

Camshaft position sensor
Camshaft timing oil control valve
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Timing belt

Just like a gear, this belt contains teeth to mesh
with the teeth of the timing pulleys.

For automotive use, this belt is made of a rubber-
based material.

A timing belt must be inspected for proper tension
and wear, and replaced at prescribed intervals.

Timing belt
Camshaft timing pulley
Crankshaft timing pulley

(1/1)

VVT -isystem (Variable Valve Timing-

intelligent)

The VVT-i system use a computer to optimally
control the opening and closing timing of the intake
valve in accordance with engine conditions.

This system uses hydraulic pressure to vary the
opening and closing timing of the intake valve,
resulting in improved intake efficiency, torque,
power output, fuel economy, and cleaner exhaust
gases.

In addition to the VVT- i system, there is also a
VVTL- i system (Variable Valve Timing and Lift-
Intelligent) which increases the volume of valve lift
(stroke) and improves the intake efficiency during
high-speed rotation.

(3/3)

Outline

The intake system provides the necessary volume
of clean air to the engine.

Air cleaner
Throttle body
Intake manifold



Turbo charger

Turbine wheel

Super charger

Compressor wheel
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Turbo charger

A turbo charger is the device to compress the
intake air by the energy of exhaust gas and
transmits the high-density mixture into the
combustion chamber to increase the generating
power.

When the turbine wheel turns with the energy of
the exhaust gas, the compressor wheel the
connected with the shaft on the opposite side,
transmits the compressed intake air to the engine.

There is also device called a "super charger",
which drives the compressor through the
crankshaft to the drive belt directly, and increases
the volume of the intake air.

1)

Air Cleaner

The air cleaner contains air cleaner element to
remove dust and other particles from the air while
introducing external air into the engine.

An air cleaner element must be cleaned or
replaced at regular intervals.

Air cleaner element
Air cleaner case

(1/1)
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Types of air cleaner element
Paper type
A type that is most widely used on automobiles.

Fabric type
A type that contains a washable element made of
fabric.

Oil bath type
A wet type that contains an oil bath.

(1)



Types of air cleaners

1. Pre-air cleaner

Uses the centrifugal force of the air that is
generated by the rotational movement of the fins to
separate the dust from the air.

The dust is then sent to the dust trap, and the air is
sent to another air cleaner.

(1/3)

2. Oil bath type air cleaner

Filters the air through an air cleaner element made
of metallic wool, which is soaked with oil stored in
the bottom of the air cleaner case.

(2/3)

3. Cyclone type air cleaner

Remove debris such as sand through the
centrifugal force of the air swirl created by fins, and
catches small dust particles through an air cleaner
element made of paper.

(313)



Throttle Body

The throttle valve uses a cable to operate in unison
with the accelerator pedal located in the vehicle
interior, in order to regulate the volume of air-fuel
mixture that is draw into the cylinder.

When the accelerator pedal is depressed, the
throttle valve opens to draw in a large volume of air
and fuel, resulting in increased engine output.

An ISCV (Idle Speed Control Valve) is also
provided, in order to regulate the volume of air
during idling or when the engine is cold.

Accelerator pedal
Throttle cable
Throttle valve

ISCV
(1/1)
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ETCS-i (Electronic Throttle Control System-
intelligent)

The ETCS-i, which converts the accelerator pedal
operation into electric signals, uses an ECU
(Electronic Control Unit) to control the opening and
closing of the throttle valve by actuating a motor in
accordance with the driving conditions.

Therefore, there is no throttle cable to link the
accelerator pedal with the throttle valve.

Throttle control motor

Throttle valve

Accelerator pedal position sensor
Throttle position sensor

(1/1)

ISCV (Idle Speed Control Valve)

The ISCV regulates the volume of air that flows
through the bypass that is provided in the throttle
valve, to constantly control the idling speed at an
optimum level.

ISCV
Throttle body
Throttle valve
Bypass

1)
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Types of ISCVs

Step motor type
This valve regulates, the volume of air that flows
through the bypass.
This is accomplished by a valve located at the end
of the rotor, which is moved back and forth by the
movement of the rotor.

Rotary solenoid valve type
This valve regulates the intake air volume by
varying the opening of the valve. This is
accomplished by regulating the duration of the
voltage that is applied to the 2 solenoids (coils).

Valve
Rotor
Caoil
Magnet
Bimetal

(1/1)
Intake Manifold

An intake manifold consists of several pipes that
supply air to each cylinders.

Intake manifold

(1/1)
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ACIS (Acoustic Control Induction System)

The ACIS uses an ECU (Electronic Control Unit) to
actuate a control valve that changes the effective
length of the intake manifold.

By changing the length of the intake manifold, this
system improves the intake efficiency of all engine
speed ranges.

Valves open
Valves closed

Control valve
Intake chamber
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