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ENGINE CONTROL

GENERAL INFORMATION

1. ENGINE DATA LIST

Data Unit Value
Coolant temperature T 0.436 V (1307C) to 4.896 V (-407C)
Intake air temperature (@ -40 to 130°C (varies by ambient air
temperature or engine mode)
Idle speed rpm 750 £ 20
Engine load % 18~25%
Mass air flow kg/h 16 to 25 kg/h
Throttle position angle °TA 0° (Full Open) to 78° (Close)
Engine torque Nm varies by engine conditions
Injection time ms 3to5ms
Battery voltage \% 135Vto14.1V
Accelerator pedal position 1 Vv 0.4.t04.8V
Accelerator pedal position 2 \ 0.2t0 24V
Throttle position 1 \Y, 0.3t04.6V
Throttle position 2 \% 0.3to46V
Oxygen sensor mV Oto5V
A/C compressor switch 1=0ON/0=0OFF -
Full load 1=ON/0=OFF -
Gear selection (A/T) 1=ON/0=0OFF -
Knocking control 1=ON / 0=OFF -
Brake switch 1=ON/0=OFF -
Cruise control 1=ON/O0=OFF -
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OVERVIEW AND OPERATINF PROCESS
1. MAJOR COMPONENTS

Rear EGT sensor Front EGT sensor Glow plug IMV

Oxygen sensor

Injector (C3l)
Differential pressure HFM (air mass/ Camshaft position Variable swirl valve
sensor temperature) sensor actuator

-IImw{l’m
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Coolant temperature
sensor

Fuel temperature
sensor

EGR valve

Fuel rail pressure
sensor

E-VGT actuator

GCU (Preglow control

Water sensor

unit)

T-MAP sensor

Knock sensor
(2ea)

Electric throttle body

D20DTR ECU
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2. SYSTEM OPERATION

1) Input/Output of ECU
(1) ECU Block diagram

Input

IG*ON"B+

START signal

Boost pressure, temperature sensor

Knock sensor 1, 2

Air flow, intake air temperature sensor

Oxygen sensor

Coolant temperature sensor

Crankshaft position sensor

Accelerator pedal position sensor 1, 2

Throttle position sensor 1, 2

Camshaft position sensor

EGR position

Swirl valve position sensor

Fuel rail pressure sensor

Differential pressure sensor

Exhaust gas temperature sensor

Fuel temperature

Water sensor in fuel filter

Other CAN info.

Control

D20DTR
ECU

Output

Start motor control

A/C compressor control

Injector control

IMV control

Turbocharger actuator control

EGR valve control

Swirl valve control

Throttle valve control

Coolant fan control

PTC heater control

Self diagnosis

Other CAN info.

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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(2) Components for ECU Input

-Auto cruise switch

- Rear right wheel
speed (without ABS)

- Refrigerant pressure
sensor

- Clutch pedal signal

- Blower switch signal

- Brake pedal signal

Crankshaft positior Accelerator pedal Throttle position Knock sensor
sensor sensor sensor
Exhaust gas HFM sensor T-MAP sensor Oxygen sensor
temperature sensol
Differential E-EGR valve Camshaft position Coolant
pressure sensor position sensor sensor temperature sensol

Fuel rail pressure Swirl valve positior Water sensor CAN
sensor sensor
- ABS & ESP
-GCU
- Instrument
Cluster
-TCU
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(3) Components for ECU Output

E-EGR valve A/C compressor Injector Throttle position
sensor
z“_‘;.\}
.
E-EGR cooler Variable swirl valve E-VGT actuator

bypass valve

PTC heater Cooling fan

CAN
- Glow plug unit - Instrument cluster
- ABS & ESP unit -TCU
-GCU - Self diagnosis
ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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2) ECU Control
(1) Function

a. ECU Function

ECU receives and analyzes signals from various sensors and then modifies those signals into
permissible voltage levels and analyzes to control respective actuators.

ECU microprocessor calculates injection period and injection timing proper for engine piston
speed and crankshaft angle based on input data and stored specific map to control the engine
power and emission gas.

Output signal of the ECU microprocessor drives pressure control valve to control the rail pressure
and activates injector solenoid valve to control the fuel injection period and injection timing; so
controls various actuators in response to engine changes. Auxiliary function of ECU has adopted
to reduce emission gas, improve fuel economy and enhance safety, comforts and conveniences.
For example, there are EGR, booster pressure control, autocruise (export only) and immobilizer
and adopted CAN communication to exchange data among electrical systems (automatic T/M
and brake system) in the vehicle fluently. And Scanner can be used to diagnose vehicle status
and defectives.

Operating temperature range of ECU is normally —40 to +85°C and protected from factors like oil,
water and electromagnetism and there should be no mechanical shocks.

To control the fuel volume precisely under repeated injections, high current should be applied
instantly so there is injector drive circuit in the ECU to generate necessary current during injector
drive stages.

Current control circuit divides current applying time (injection time) into full-in-current-phase and
hold-current-phase and then the injectors should work very correctly under every working
condition.

b. Control Function

- Controls by operating stages
To make optimum combustion under every operating stage, ECU should calculate proper
injection volume in each stage by considering various factors.

- Starting injection volume control
During initial starting, injecting fuel volume will be calculated by function of temperature and
engine cranking speed. Starting injection continues from when the ignition switch is turned to
ignition position to till the engine reaches to allowable minimum speed.

- Driving mode control
If the vehicle runs normally, fuel injection volume will be calculated by accelerator pedal travel
and engine rpm and the drive map will be used to match the drivers inputs with optimum
engine power.

Modification basis ENGINE CONTROL
Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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(2) Fuel injection control

a. Multi injection
Fuel injection process consists of 3 steps: Main Injection, Pilot Injection, Post Injection

Main
Injection

2st
2st 1st  post
st pilot post Injection
pilot  Injection Injection
Injection Pre After
Injection Injection

Injection Function Main Produces engine power

Pilot 1 Reduces PM by injecting After PM control
before main injection.

Pilot 2 Reduces NOx and noise by Post 1 Reduces PM by enabling fuel
shortening main injection delay activation.
due to flammability

Pre Controls NOx emission level, Post 2 Activates CDPF by increasing
Combustion noise and exhaust gas temperature and
Stable idle supplying reduction material

» Pilot injection » Multi injection

Pilot Main Main
Fuel injection [ M Pilot  Pre Post Delayed
Fuel injection  Jy A
Explosion pressure Explosion pressure { : f :
TDC TDC
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b. Pilot Injection

Injection before main injection. Consists of 1st and 2nd pilot injection, and Pre-injection

Inject a small amount of fuel before main injection to make the combustion smooth. Also, called
as preliminary injection or ignition injection. This helps to reduce Nox, engine noise and vibration,
and to stabilize the idling.

The injected fuel volume is changed and stopped according to the coolant temperature and
intake air volume.

Stop conditions
- Pilot injection is much earlier than main injection due to higher engine rpm
- Too small injection volume (insufficient injection pressure, insufficient fuel injection volume
in main injection, engine braking)
- System failure (fuel system, engine control system)

» Combustion pressure characteristic curve for pilot injection

oT

1a 7 i

Pressure )y

Angle of crankshaft =)

1. Pilot injection

2. Main injection

1a.Combustion pressure with pilot injection
2b.Combustion pressure without pilot injection
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c. Main Injection

The power of the vehicle is determined by the main fuel injection volume.

Main injection calculates the fuel volume based on pilot injection. The calculation uses the value
for accelerator pedal position, engine rpm, coolant temperature, intake air temperature, boost
pressure, boost temperature and atmaospheric pressure etc.

d. Post Injection

Injection after main injection. Consists of After injection, Post 1, Post 2 injection.

Post injection reduces PM and smoke from exhaust gas. No actual output is generated during
these injections, instead, fuel is injected to the unburned gas after main injection to enable fuel
activation. The PM amount in the emission and smoke can be reduced through these processes.
Only up to 5 types of injections can be performed within 1 cycle. If these 7 injections are all
performed, fuel economy and emission performance becomes poor.

ENGINE CONTROL Modification basis
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(3) Fuel Pressure Control
» Fuel Pressure

Fuel pressure is controlled by IMV opening according to the calculated value by ECU.

» Pressure in the fuel rail is determined according to engine speed and load on the engine.

- When engine speed and load are high
The degree of turbulence is very great and the fuel can be injected at very high pressure in
order to optimize combustion.

- When engine speed and load are low
The degree of turbulence is low. If injection pressure is too high, the nozzle's penetration will
be excessive and part of the fuel will be sprayed directly onto the sides of the cylinder,
causing incomplete combustion. So there occurs smoke and damages engine durability.

Fuel pressure is corrected according to air temperature, coolant temperature and atmospheric
pressure and to take account of the added ignition time caused by cold running or by high
altitude driving. A special pressure demand is necessary in order to obtain the additional flow
required during starts. This demand is determined according to injected fuel and coolant
temperature.

» Open loop determines the current which needs to be sent to the actuator in order to obtain the
flow demanded by the ECU.

» Closed loop will correct the current value depending on the difference between the pressure
demand and the pressure measured.

- If the pressure is lower than the demand, current is reduced so that the fuel sent to the high
pressure pump is increased.

- If the pressure is higher than the demand, current is increased so that the fuel sent to the high
pressure pump is reduced.

Actual fuel flow
amount required
OPEN IMV current
LOOP
Engine rpm
IMV
—_—
current
Rail pressure demand
CLOSE Calibration
LOOP
Measuring rail pressure
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(4) Injection Timing Control
» Injection timing is determined by the conditions below.

1. Coolant temperature
Hot engine - Retarded to reduce Nox
Cold engine - Advanced to optimize the combustion

2. Atmospheric pressure
Advanced according to the altitude

3. Warming up
Advanced during warming up in cold engine

4. Rail pressure
Retarded to prevent knocking when the rail pressure is high

5. EEGR ratio
Advanced to decrease the cylinder temperature when EGR ratio increases

» Pilot injection timing control

The pilot injection timing is determined as a function of the engine speed and of the total flow.
The elements are:

- Afirst correction is made according to the air and coolant temperatures. This correction allows
the pilot injection timing to be adapted to the operating temperature of the engine.

- A second correction is made according to the atmospheric pressure. This correction is used to
adapt the pilot injection timing as a function of the atmospheric pressure and therefore the
altitude.

» Main injection timing control

The pulse necessary for the main injection is determined as a function of the engine speed and of
the injected flow.
The elements are:

- Afirst correction is made according to the air and coolant temperatures.
This correction makes it possible to adapt the timing to the operating temperature of the
engine. When the engine is warm, the timing can be retarded to reduce the combustion
temperature and polluting emissions (NOx). When the engine is cold, the timing advance must
be sufficient to allow the combustion to begin correctly.

- A second correction is made according to the atmospheric pressure.
This correction is used to adapt the timing advance as a function of the atmospheric pressure
and therefore the altitude.

- Arthird correction is made according to the coolant temperature and the time which has
passed since starting.
This correction allows the injection timing advance to be increased while the engine is warming
up (initial 30 seconds). The purpose of this correction is to reduce the misfiring and instabilities
which are liable to occur after a cold start.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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- A fourth correction is made according to the pressure error.
This correction is used to reduce the injection timing advance when the pressure in the rail is
higher than the pressure demand.
A fifth correction is made according to the rate of EGR.
- This correction is used to correct the injection timing advance as a function of the rate of
exhaust gas recirculation.
When the EGR rate increases, the injection timing advance must in fact be increased in order to
compensate for the fall in termperature in the cylinder.

(5) Fuel Control
A. Main Flow Control

The main flow represents the amount of fuel injected into the cylinder during the main injection.
The pilot flow represents the amount of fuel injected during the pilot injection.

The total fuel injected during 1 cycle (main flow + pilot flow) is determined in the following manner.

- When the driver depress the pedal, it is his demand which is taken into account by the system
in order to determine the fuel injected.

- When the driver release the pedal, the idle speed controller takes over to determine the
minimum fuel which must be injected into the cylinder to prevent the enigne from stalling.

It is therefore the greater of these 2 values which is retained by the system. This value is then
compared with the lower flow limit determined by the ESP system.

As soon as the injected fuel becomes lower than the flow limit determined by the ESP system, the
antagonistic torque (engine brake) transmitted to the drive wheels exceeds the adherence
capacity of the vehicle and there is therefore a risk of the drive wheels locking.

The system thus chooses the greater of these 2 values (main flow & pilot flow) in order to prevent
any loss of control of the vehicle during a sharp deceleration.

As soon as the injected fuel becomes higher than the fuel limit determined by the ASR trajectory
control system, the engine torque transmitted to the wheels exceeds the adhesion capacity of the
vehicle and there is a risk of the drive wheels skidding. The system therefore chooses the smaller
of the two values in order to avoid any loss of control of the vehicle during accelerations.

The anti-oscillation strategy makes it possible to compensate for fluctuations in engine speed
during transient conditions. This strategy leads to a fuel correction which is added to the total fuel
of each cylinder.

A switch makes it possible to change over from the supercharge fuel to the total fuel according to
the state of the engine.

- Until the stating phase has finished, the system uses the supercharged fuel.

- Once the engine changes to normal operation, the system uses the total fuel.
The main fuel is obtained by subtracting the pilot injection fuel from the total fuel.
A mapping determines the minimum fuel which can control an injector as a function of the rail
pressure. As soon as the main fuel falls below this value, the fuel demand changes to 0 because
in any case the injector is not capable of injecting the quantity demand.

Modification basis ENGINE CONTROL
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Driver demand

Idle speed controller _’—I—‘

ESP control @_I_'A

Cruise control @—I_’

Flow limit @_I_’

Speed limiter @_I_‘

ESP control

Engine condition
Anticollision strategy ‘
Over flow

Programmed engine stop )

]
@ Main flow < Controllable minimum flow>
i

Pilot injection flow

J Main flow demand

B. Driver Demand

The driver demand is the translation of the pedal position into the fuel demand. It is calculated as
a function of the pedal position and of the engine speed. The driver demand is filtered in order to
limit the hesitations caused by rapid changes of the pedal position. A mapping determines the
maximum fuel which can be injected as a function of the driver demand and the rail pressure.
Since the flow is proportional to the injection time and to the square root of the injection pressure,
it is necessary to limit the flow according to the pressure in order to avoid extending the injection
for too long into the engine cycle. The system compares the driver demand with this limit and
chooses the smaller of the 2 values. The driver demand is then corrected according to the
coolant temperature. This correction is added to the driver demand.

ENGINE CONTROL Modification basis
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C. Idle Speed Controller
The idle speed controller consists of 2 principal modules:

- The first module determines the required idle speed according to:
* The operating conditions of the engine (coolant temperature, gear engaged)
* Any activation of the electrical consumers (power steering, air conditioning, others)
* The battery voltage
* The presence of any faults liable to interface with the rail pressure control or the injection
control. In this case, increase the idle speed to prevent the engine from stalling.

- The second module is responsible for providing closed loop control of the engine's idle speed
by adapting the minimum fuel according to the difference between the required idle speed and
the engine speed.

D. Flow Limitation
The flow limitation strategy is based on the following strategies:

- The flow limitation depending on the filling of the engine with air is determined according to
the engine speed and the air flow. This limitation allows smoke emissions to be reduced
during stabilized running.

- The flow limitation depending on the atmospheric pressure is determined according to the
engine speed and the atmospheric pressure. It allows smoke emissions to be reduced
when driving at altitude.

- The full load flow curve is determined according to the gear engaged and the engine
speed. It allows the maximum torque delivered by the engine to be limited.

- A performance limitation is introduced if faults liable to upset the rail pressure control or the
injection control are detected by the system. In this case, and depending on the gravity of
the fault, the system activates:

Reduced fuel logic 1: Guarantees 75 % of the performance without limiting the engine speed.

Reduced fuel logic 2: Guarantees 50 % of the performance with the engine speed limited to
3,000 rpm.

Reduce fuel logic 3: Limits the engine speed to 2,000 rpm.

The system chooses the lowest of all values.

A correction depending on the coolant temperature is added to the flow limitation. This correction
makes it possible to reduce the mechanical stresses while the engine is warming up.

The correction is determined according to the coolant temperature, the engine speed and the
time which has passed since starting.

E. Superchager Flow Demand

The supercharge flow is calculated according to the engine speed and the coolant temperature. A
correction depending on the air temperature and the atmospheric pressure is made in order to
increase the supercharge flow during cold starts. It is possible to alter the supercharge flow value
by adding a flow offset with the aid of the diagnostic tool

Modification basis ENGINE CONTROL
Application basis ACTYON SPORTS 11 2012.01
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F. Pilot Flow Control

The pilot flow represents the amount of fuel injected into the cylinder during the pilot injection.
This amount is determined according to the engine speed and the total flow.

- Afirst correction is made according to the air and water temperature.
This correction allows the pilot flow to be adapted to the operating temperature of the
engine. When the engine is warm, the ignition time decreases because the end-of-
compression temperature is higher. The pilot flow can therefore be reduced because there is
obviously less combustion noise when the engine is warm.

- A second correction is made according to the atmospheric pressure.

During starting, the pilot flow is determined on the basis of the engine speed and the coolant
temperature.

G. Cylinder Balancing Strategy
» Balancing of the point to point flows

The pulse of each injector is corrected according to the difference in instantaneous speed
measured between 2 successive injectors.

The instantaneous speeds on two successive injections are first calculated.

The difference between these two instantaneous speeds is then calculated.

Finally, the time to be added to the main injection pulse for the different injectors is determined.
For each injector, this time is calculated according to the initial offset of the injector and the
instantaneous speed difference.

» Detection of an injector which has stuck closed

The cylinder balancing strategy also allows the detection of an injector which has stuck closed.
The difference in instantaneous speed between 2 successive injections then exceeds a
predefined threshold. In this case, a fault is signaled by the system.

ENGINE CONTROL Modification basis
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(6) MDP Learning Control

MDP (Minimum Drive Pulse ) refers to the

L MDP learning minimum power supply pulse for injection
Injection pulse . o . .
which the injector can perform. It is possible
<+ _ to control the fuel volume for each injector
> Time

accurately through correct learning for the

MDP value. The basic process of MDP
L P learning is that the pulse slightly higher than

Fuel injection j% n MDP is supplied and then (b) the vibration

¢ generated from the cylinder is detected. The

knock sensor detects the vibration from the

engine after a small volume of fuel is injected.
And the time interval between the points of
injection and vibration is measured so that
MDP can be learned. MDP learning is helpful
to prevent engine vibration, high emission and
power reduction through performing
calibration for the old injectors. During MDP
learning, a little vibration and noise can be
occur for a while. This is because the fuel
pressure is increased instantaneously and the
exact injection value is not input, so that the
exact engine vibration timing can be

detected.

A. MDP Learning

When the pulse value that the injector starts injection is measured, it is called minimum drive pulse
(MDP). Through MDP controls, can correct pilot injections effectively. Pilot injection volume is very
small, 1 to 2 mm/str, so precise control of the injector can be difficult if it gets old. So there

needs MDP learning to control the very small volume precisely through learning according to
getting older injectors.

B. Purpose of MDP learning
The system measures the pulse at initial injection to reduce the engine vibration.

- Control the fuel injection volume precisely by MDP learning even for the old injector.
- ECU caorrects the pilot injection effectively by MDP control.
- MDP learning is performed by the signal from knock sensor.
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C. Learning Conditions

Idle MDP learning

Drive MDP learning

Coolant temperature

over 60°C

over 60C

Vehicle speed

ldling

over 50km/h (over 5 seconds)

Engine rpm

2,000 to 2,500 rpm

Fuel temperature

0 < Fuel temperature < 80°C

Learning

2 times for each cylinder (every
5 seconds)

2 times for each cylinder
(every 5 seconds)

A\ cAuTION

injector.

- If MDP learning is not properly performed, engine vibration and injection could be occurred.
- MDP learning should be performed after replacing ECU, reprogramming and replacing

D. Injector characteristic curve for rail pressure

Operating pulse(psec)

80 1 I |
| |
70 o
1 —4- 200bars
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£E 501 ---
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-
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(7) Knocking Control
A. Resetting the pilot injection

The knocking control is used to reset the pilot injection flow in closed loop for each injector. This
method allows the correction of any injector deviations over a period of time. The principle of use
of the knocking control is based on the detection of the combustion noises.

The sensor is positioned in such a way as to receive the maximum signal for all the cylinders. The
raw signals from the knock sensor are processed to obtain a variable which quantifies the
intensity of the combustion. This variable, known as the ratio, consists of the ratio between the
intensity of the background noise and the combustion noise.

1. Afirst window is used to establish the background noise level of the knocking control signal
for each cylinder. This window must therefore be positioned at a moment when there cannot
be any combustion.

2. The second window is used to measure the intensity of the pilot combustion. Its position is
such that only the combustion noises produced by the pilot injection are measured . Itis
therefore placed just before the main injection.

The knock sensor does not allow any evaluation of the quantity injected. However, the pulse value
will be measured when the injector starts injection and this pulse value is called the MDP
(Minimum Drive Pulse). On the basis of this information, it is possible to efficiently correct the pilot
flows. The pilot injection resetting principle therefore consists of determining the MDP, in other
words the pulse corresponding to the start of the increase in value of the ratio (increase of
vibration due to fuel combustion).

— Cylinder pressure
"""" Needle lift
—— Ratio

Main pilot injection

Minimum pilot injection

No injection /\
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This is done periodically under certain operating conditions. When the resetting is finished, the
new minimum pulse value replaces the value obtained during the previous resetting. The first MDP
value is provided by the C3I. Each resetting then allows the closed loop of the MDP to be updated
according to the deviation of the injector.

B. Detection of leaks in the cylinders

The accelerometer is also used to detect any injector which may have stuck open. The detection
principle is based on monitoring the ratio. If there is a leak in the cylinder, the accumulated fuel
self-ignites as soon as the temperature and pressure conditions are favorable (high engine
speed, high load and small leak).

This combustion is set off at about 20 degrees before TDC and before main injection.

The ratio therefore increases considerably in the detection window. It is this increase which allows
the leaks to be detected. The threshold beyond which a fault is signaled is a percentage of the
maximum possible value of the ratio.

Because of the severity of the recovery process (engine shut-down), the etection must be
extremely robust.

An increase in the ratio can be the consequence of various causes:

- Pilot injection too much
- Main combustion offset
- Fuel leak in the cylinder

If the ratio becomes too high, the strategy initially restricts the pilot injection flow and retards the
main injection. If the ratio remains high despite these interventions, this shows that a real leak is
present, a fault is signaled and the engine is shut down.

C. Detection of an accelerometer fault

This strategy permits the detection of a fault in the sensor or in the wiring loom connecting the
sensor to the ECU.

It is based on detection of the combustion. When the engine is idling, the detection window is set
too low for the combustion caused by the main injection. If the ratio increases, this shows that the
knock sensor is working properly, but otherwise a fault is signaled to indicate a sensor failure.
The recovery modes associated with this fault consist of inhibition of the pilot injection and
discharge through the injectors.
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(8) Swirl control
A. Overview

» Variable swirl valve

The strong swirl caused by intake air is important element for anti-locking function in diesel
engine. The swirl control valve partially closes the intake port to generate the swirl according to the
engine conditions. When the engine load is in low or medium range, the swirl could not be
generated because the air flow is slow. To generate strong swirl, there are two passages in intake
manifold, and one of them has the valve to open and close the passage. When the valve closes
the passage, the air flow through the another passage will be faster, and the strong swirl will be
generated by the internal structure of the passage. This swirl makes the better mixture of air and
fuel, eventually the combustion efficiency in combustion chamber could be improved. This
provides the enhanced fuel consumption, power and EGR ratio.

» Components

Coolant temperature
sensor

Accekerator pedal

module

D20DTR ECU

Crankshaft position sensor §  Variable swirl valve
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B. Input/Output for variable swirl valve

position sensor

o

HFM
(Intake air)

=

Engine rpm
(Engine load)

Engine rpm
(Engine load)

Input Control Output
Main Map D20DTR
ECU
HFM
(Intake air)
Intake air flow
volume

Accelerator

pedal

Driving condition
(Acceleration demand)
Variable swirl control l_ 0 '\"\?‘;
according to driving v % Lk i
condition -
Sub Map a—
— Sk =
Coolant il

temperature @

£ Engine warming up ' Fuel injection

qu pressure control

Crankshaft
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C. Types of swirl

Swirl: One cylinder has two intake air ports, one is set horizontally

\_J
= and the other one is set vertically. Swirl is the horizontal air flows in
\‘ Q |/ cylinder due to the horizontal intake air ports.

\_/ Tumble: Tumble is the vertical air flows in cylinder due to the

/;) vertical intake air port

\ / Tumble: Tumble is the vertical air flows in cylinder due to the
C vertical intake air port

D. Swirl control

In DI type diesel engine, the liquefied fuel is injected into the cylinder directly. If the fuel is evenly
distributed in short period, the combustion efficiency could be improved. To get this, there should
be good air flow in cylinder. In general, there are two intake ports, swirl port and tangential port, in
each cylinder. The swirl port generates the horizontal flow and the tangential port generates the
longitudinal flow. In low/mid load range, the tabgential port is closed to increase the horizontal
flow. Fast flow decreases the PM during combustion and increases the EGR ratio by better
combustion efficiency.

Intake air control valve
closed
Tangential port

Tangential port

Swirl port Swirl port

Protrusion that
generates Swirl
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Load Engine speed | Swirl valve Amou.nt of Remarks
swirl
Low speed, below 3,000 Increased EGR ratio, better air-fuel
Low load rpm Closed Heavy mixture (reduce exhaust gas)
ng_h speed, | over 3,000 rpm Open Light Incrgase charge efficiency, higher
High load engine power

The variable swirl valve actuator operates
when turning the ignition switch ON/OFF
position to open/close the swirl valve. In this
period, the soot will be removed and the
learning for swirl valve position is performed.

=

s =5 . S M ,a‘—t-."'.. 4
| e i ) W' § i A, y - N @
‘— Swirl valve 4|

E. Features

- Swirl and air intake efficiency
To generate the swirl, the intake port should be serpentine design. This makes the resistance
in air flow. The resistance in air flow in engine high speed decreases the intake efficiency.
Eventually, the engine power is also decreased, Thus, the swirl operation is deactivated in high
speed range to increase the intake efficiency.

- Relationship between swirl and EGR
To reduce Nox, it is essential to increase EGR ratio. However, if EGR ratio is too high, the PM
also could be very higher. And, the exhaust gas should be evenly mixed with newly aspired air.
Otherwise, PM and CO are dramatically increased in highly concentrated exhaust gas range
and EGR ratio could not be increased beyond a certain limit. If the swirl valve operates in this
moment, the limit of EGR ratio will be higher.

F. Relationship between swirl and fuel injection pressure

The injector for DI engine uses the multi hole design. For this vehicle, there are 8 holes in injector.
If the swirl is too strong, the injection angles might be overlapped and may cause the increased
PM and insufficient engine power. Also, if the injection pressure is too high during strong swirl, the
injection angles might be overlapped. Therefore, the system may decreases the fuel injection
pressure when the swirl is too strong.
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(9) EGR control

A. Overview

The EGR (Electric-Exhaust Gas Recirculation) valve reduces the NOx emission level by
recirculating some of the exhaust gas to the intake system.

To meet Euro-V regulation, the capacity and response rate of E-EGR valve in D20DTR engine
have been greatly improved. The EGR cooler with high capacity reduces the Nox, and the bypass
valve reduces the CO and HC due to EGR gas before warming up.

Also, the engine ECU adjusts the E-EGR opening by using the air mass signal through HFM
sensor. If the exhaust gas gets into the intake manifold when the EGR valve is open, the amount
of fresh air through HFM sensor should be decresed.

B. Components

Oxygen sensor Crankshaft positior Coolant E-EGR valve

sensor temperature sensol
3
\
1
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temperature) module
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C. Input/Output of E-EGR system

position sensor| position detected

v

Oxygen sensor|  Air-fuel ratio inthe

‘Q exhaust gas detected

Coolant Compensation
tempg_rature by coolant temperature
Atmospheric Compensation

pressure by altitude

Input Control Output
Main Map D20DTR
ECU
HFM Intake air flow
(Intak_e ai) volume EGR valve feedback
(Potentiometer)
EGR ratio control
Sub Map E-EGR valve
Accelerator Acceleration demand
pedal /Engine load
Bypass valve control
in cold engine
T-MAP Boost pressure and
temperature
E-EGR
bypass valve
Crankshaft Engine rpm Feedback control
position sensor (Engine load) by engine load
‘\ﬂ Determine EGR
operation range
EGR EGR valve (EGR ratio) Throttle valve

(EGR ratio) control

Electronic
throttle body
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D. Bypass control for EGR cooler

» Cooler temperature

When the coolant temperature is below 70°C, the exhaust gas is bypassed the EGR cooler.

Exhaust gas temperature: Cooled EGR PM, smoke increased
300 C or less

» Exhaust gas temperature

When the exhaust gas temperature is below 300C, the exhaust gas is bypassed the EGR cooler.
Otherwise, PM could be increased due to too low exhaust gas temperature.

Coolant temperature: Exhaust gas temperature PM. smoke increased
70°C orless decreased ’

. Control elements for EGR system

Accelerator pedal (engine load) - Indicates the driver's intention and engine load. If the load
goes up, the EGR ratio is decreased.

T-MAP (boost pressure map stored in ECU) - Compensates the difference in boost pressure
by adjusting EGR ratio.

Engine rpm - Used as the signal for determining EGR operating range.

Coolant temperature - When the coolant temperature is low, NOXx is decreased but PM could
be increased. So, to reduce PM, decrease EGR ratio when the coolant temperature is low.
Intake air mass and temperature - HFM sensor measures the intake air mass to calculate the
actual EGR volume. If the air mass is larger than programmed value in map, EGR ratio will be
higher.

EGR position sensor - Detects the actual opening angle of EGR valve and performs feedback
function according to PWM control by ECU.

Wide band oxygen sensor - Detects the oxygen volume in exhaust gas to check if the EGR
ratio is proper.

Electronic throttle body - Keeps EGR ratio to optimized level by controlling the throttle body in
EGR operating range (decreasing pressure in intake manifold).
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F. Features
c EGR 0% 5
B EGR 10% ©
= ®
(0] (&)
Q c
o] o
S o
S b

BTDC TDC ATDC ATDC ATDC ATDC
10° 10°" "20°° 30°  40°

Crank angle

As EGR ratio goes up, smoke volume will be
higher. But, this lowers the combustion
chamber temperature and accordingly the
concentration of NOx is decreased. The
point with highest NOx is immediately after
TDC.

50 100 150 200 250 300 35
EGR temperature(C)

As EGR temperature goes up, the
concentration of NOx will be higher. Thus, it
is necessary to cool down the exhaust gas.
However, during engine cooled, it may
cause large amount of PM. To prevent this,
the exhaust gas is bypassed the EGR cooler.
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(10) E-VGT control

A. Overview

E-VGT (Electric-Variable Geometry Turbine) turbocharger system in D20DTF engine uses the
venturi effect that controls the flow rate of exhaust gas by adjusting the passage in turbine
housing. The newly adopted DC motor actuator (E-actuator) controls the E-VGT system more
precisely and faster. To get the high operating power from turbine, the ECU reduces the exhaust
gas passage In low speed range and increases it in high speed range.

B. Components

Oxygen sensor

Crankshaft positior
sensor

Coolant
temperature senso!

Front EGT sensor

E-VGT actuator

S
—

v

HFM (intake air
temperature)

T-MAP sensor

Accelerator pedal
module
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C. Input/Output for E-VGT system

feedback
h Boost temperature

Air concentration

Crankshaft Engine rpm
position sensor (Engine load)

S

Sub Map
HFM Intake air flow
(Intake air) volume
Front Exhaust gas temperature

EGT sensor | (Exhaust gas temperature

< “'%\ feedback)
i

Coolant Turbocharger
temperature | operating condition

Atmospheric Compensation
pressure by altitude

Input Control Output
Main Map D20DTR
ECU
Accelerator Acceleration demand
pedal /Engine load
T-MAP Boost pressure E-VGT actuator

boost pressure
feedback control

E-VGT actuator control
(response speed control)

E-VGT operating
range determined

VGT actuator
PWM control
by engine load

E-VGT
actuator
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D. E-VGT system control

Turbocharger system operates the E-VGT actuator according to the signals for engine epm,
accelerator pedal position, atmospheric pressure, T-MAP, coolant temperature and intake air
temperature.

Turbocharger actuator is performed PWM control by ECU.

In general, the boost pressure feedbacks the turbocharger operation and the boost temperature is
used for calculating the precise density.

E-VGT provides higher engine power with faster reaction speed compared to conventional VGT.

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

Operating wave Vane Control

In low speed range:
retract the vane to
increase boost
pressure. The vane
has low (-) duty,
and the unison ring
moves to retract the
vane in weak PWM
signal.

Low
speed
range

TURBOC @ ENGINE l INTAKE
HARGER EXHAUSTQ SYSTEM

Sy
%o
o)

|

2
|
oW
S

The unison ring
moves to extend the
vane in strong PWM
signal. Maximum
pressure is 3 bar
and the system
controls it according
to the input signals.

ARGIN
G

High
speed
range

D20DTR §CH
PRE-
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(11) Wide band oxygen sensor control
A. Overview

For diesel engine, combustion is not performed at the optimum (theoretically correct) air-fuel ratio
and the oxygen concentration is thin in most cases. So the wide-band oxygen sensor is used for
this kind of engine, and this sensor is a little different from the one that used for gasoline engine.
The combustion in diesel engine is controlled by fuel injection volume. Therefore, the wide band
oxygen sensor should be used in diesel engine. This sensor measures the air-fuel ratio in very
wide range, and is also called full range oxygen sensor.

- The wide band oxygen sensor measures the oxygen density in exhaust gas and sends it to
ECU to control the EGR more precisely.

B. Components

Oxygen sensor Coolant E-EGR valve Electric throttle

temperature sensol body

3

i
- N

i

D20DTR ECU

HFM (intake air Injector (C3l)
temperature)

=

\ . R
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C. Input/Output for oxygen sensor

Sub Map

Fuel rail
pressure sensor

£y

Coolant
temperature

=i

Crankshaft
position sensor

g N

Fuel pressure
feedback control

Engine warming up

Engine rpm
(Engine load)

Input Control Output
Main Map D20DTR
ECU
Wide band Air-fuel ratio/EGR/
oxygen sensor | CDP feedback control
E-EGR fine
control by wide-
band oxygen
HFM Intake air flow EGR valve
volume
EGR E-EGR Air flow control,
position sensor valve position operates with
E-EGR valve
Electronic
- throttle body

Oxygen sensor
feedback control
(Fuel injection volume)

Injector
PM collecting and
aftertreatment control |
with fuel-air ratio ¥
measurement of wide !
bandoxygen sensor CDPF
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D. Oxygen sensor control

The wide band oxygen sensor uses ZnO2. It produces the voltage by movement of oxygen ions
when there is oxygen concentration difference between exhaust gas and atmosphere.

If a certain voltage is applied to the sensor, the movement of oxygen ions occurs regardless of
the oxygen density. The current generated through this flow of ions, is called pumping current
(IP), and the oxygen sensor measures this value.

Engine ECU
(Lambda Controler)

289 | E-VGT
‘I [turbocharger

xygen

'. sensor
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(12) Cooling fan control
A. Overview of cooling fan and A/C compressor

The cooling system maintains the engine temperature at an efficient level during all engine
operating conditions. The water pump draws the coolant from the radiator. The coolant then
circulates through water jackets in the engine block, the intake manifold, and the cylinder head.
When the coolant reaches the operating temperature of the thermostat, the thermostat opens.
The coolant then goes back to the radiator where it cools. The heat from automatic transmission
is also cooled down through the radiator by circulating the oil through the oil pump. ECU controls
the electric cooling fans with three cooling fan relays to improve the engine torque and air
conditioning performance.

reference  For detailed information, refer to Chapter "Air Conditioning System".

B. Components

Coolant DSI 6 A/T (ATF

Relay box
temperature sensol temperature)

o F—
BT
D20DTR ECU

Crmmemmmm o TR

HFM (intake air
temperature)

A/C compressor
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C. Input/Output for cooling fan and A/C compressor

Input Control Output
D20DTR
Coolant Electric fan ECU
temperature operatingcondition
- A/C compressor
I
4
HFM Ambient temperature
(Intake air) (Compressor
operating condition)
) Relay box
Electric fan/
compressorcontrol
by coolant pressure
Coolant pressure /engine load
pressu Coolant pressure e /coolant temperature
sensor S dar
i 10
Blower switch Blower switch
condition
Electric fan module
DSI 6 AT ATF temperature
==
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D. Cooling fan and A/C compressor control
» Conditions for cooling fan

The cooling fan module controls the cooling fan relay, high speed relay and low speed relay. The
cooling fan is controlled by the series and parallel circuits.

A/C switch | Cooling fan Coolant temperature Refrigerant pressure | A/C compressor
OFF Coolant temp. < 90C -
OFF LO Q0T < Coolaont temp. )
<105
HI 105C =< Coolant temp. -
LO Refrigerant pressure <
. 18 bar
Coolant temp. <105C .
H 18 bar < Refrigerant ON
ON pressure
ul 105C < Coolant temp. )
<115
HI 115C < Coolant temp. - OFF (cut)

» A/C compressor OFF conditions

- Coolant temperature: below —20°C or over

y // SII T /fff/f/zﬁaﬁffz‘f—"ﬂ—"ﬂ#ﬁ/ﬂ?ﬂ/& N
/&5 ~ Compressor not operating ,/;// 115C
s0 I . .
© - Approx. 4 seconds after starting the engine
g 21.4 - Engine rpm: below 650 rpm or over 4500 rpm
% Compressor operating range - When abrupt acceleration
S o - Refrigerant pressure:
(&) K
(kgoms) * OFF below 2.0 kg/ci, then ON over 2.4 kg/cit
"7//}/}, Compressor not operating ////// * OFF over 30 kg/cm, then ON below 21.4 kg/cr

A/C compressor operation

» Output voltage according to refrigerant pressure

The output voltage from refrigerant pressure sensor is 1.7 V to 3.5 V when the refrigerant pressure
is 10 to 24 kgf/cm with A/C "ON".

» Cooling fan controls according to ATF

ATF temperature Fan condition Remark

Over 110°C High speed -
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(13) High speed

A. Overview

The supplementary electrical heater is installed in DI engine equipped vehicle as a basic
equipment. The PTC system is operated according to two temperature values measured at the
coolant temperature sensor and HFM sensor. This device is mounted in the heater air outlet and
increase the temperature of air to the passenger compartment. Because PTC system is heated by
electrical power, high capacity alternator is required. PTC does not operate during engine
cranking, while the battery voltage is lower than 11 V or during preheating process of glow plugs.

B. Components

D20DTR ECU

PTC heater

®

HFM (intake air
temperature)

4 ! Ny

Coolant temperature
sensor

Relay box in engine compartment

heater 2, 3)

PTC heater
2 (40A)

PTC 2relay (PTC !

PTC heater
1 (40A)

—e

PTC 1relay
1 (PTC heater 1)
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C. Operation process

The ceramic PTC has a feature that the resistance goes up very high at a certain temperature.
There are three circuits in PTC heater. Only one circuit is connected when PTCL1 relay is ON, and

two circuits are connected when PTC2 relay is ON.

Operation process: reaches at a certain temperature—high resistance—low current—less heat
radiation—temperature down—high resistance—high current—temperature up

=

PTC heater

Input Control Output

HFM D20DTR Relay box

(Intake air) :
Relay control by
intake air temperature
and coolant temperature
PTC heater 1
operating condition
Coolant

temperature PTC 1 relay PTC 2 relay
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D. Control conditions
Operation Operating condition PTC Heater
HI o
(PTC2) — Coolant temperature < 15C PTC HION
— Coolant temperature 15C < 657C, intake air
temperature < -10TC
LO — Coolant temperature 15C < 65 to 60°C, intake air PTC LOON
(PTC1) temperature <-10C to 0C
— Coolant temperature 15C < 60°C, intake air
temperature < 0C to 5C
- A/C blower switch OFF
- Defective ambient air temperature sensor
Stop (including open or short circuit)

- Engine cranking
- Low battery voltage (below 11V)
- During pre-glow process (glow indicator ON)

» Operation diagram for PTC heater LO (step 2)

[*)]
)]

[e2]
o

PTC heater
LO operating range

Coolant temperature(C)

PTC
heater
OFF

-40 -30 -20 -10 0 5

Intake air temperature(C)
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(14) Immobilizer control

A. Overview

The Immobilizer System provides an additional theft deterrent to the vehicle in which it is installed
and prevents it from being started by unauthorized persons. The transponder integrated in the key
and the engine control unit have the same code. When the ignition key with the integrated
transponder is turned to the ON position, the ECU (Engine Control Unit) checks the crypto code
of the key and, if correct, allows the vehicle to start the engine.

FUEL ENGINE B ENGINE
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9

B. Components

» Basic components (ignition key system)

TURBOC @ ENGINE l INTAKE
HARGER g EXHAUSTR SYSTEM

D20DTR ECU Immobilizer antenna Instrument cluster
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» Key approval process

When turning the ignition switch to ON position, the power is supplied to BCM and ECU. ECU
communicate with the immobilizer key to check if it is valid crypto code. If it is valid, ECU start to
control the engine when turning the ignition switch to START position. The system has 10

seconds of valid time-out period. If the engine does not start in this period, the key approval
process should be done again.

Fuse
HS_CAN_High Immobilizer unit
D20DTR ® 4
ECU ° (Immobilizer verification)
(EMS) HS_CAN_Low
(Immobilizer -
verification)
(Transponder verification)
Instrument

cluster Diagnostic "
(Immobilizer warning connector -
lamp control via ECU)

REKES key
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(15) CDPF control

A. Overview

As the solution for environmental regulations and PM Particle Material) of diesel engine, the low
emission vehicle is getting popular. This vehicle is equipped with an extra filter to collect the soot
and burn it again so that the amount of PM in the exhaust gas passed through the DOC (Diesel
Oxidation Catalyst) is reduced. The CDPF (Catalyst & Diesel Particulate Filter) is an integrated filter
including DOC (Diesel Oxidation Catalyst) and DPF (Diesel Particulate Filter).

FUEL ENGINE B ENGINE
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B. Components
x
Ll
)
Oxygen Front Rear CDPF
sensor EGT sensor EGT sensor (DOC + DPF)

COOLINGLUBRICATE TURBOC
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CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM

Differential pressure D20DTR ECU Electric throttle body
sensor
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C. Input/Output for CDPF control

pressure sensor

Wide band
oxygen sensor

between before and
after CDPF detected

Air-fuel ratio during
EGR/CDPF operation
(feedback control)

Input Control Output
—— D20DTR
Differential Pressure difference ECU

Injection volume
control
(Post-injection control)

Injector

Front EGT Combustion temperature
value of engine
(Preventing High
— | temperature combustion)
Air intake
ratio control
Electronic
throttle body
Rear EGT CDPF temperature
sensor value
(Protecting CDPF)
[1.
1 1
HFM (Intake air Intake air flow CO/HC->CO,/H, O
temperature) volume PMCollecting
- ->Combustion
ENGINE CONTROL Modification basis
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D. Operation process

When the differential pressure sensor detects the pressure difference between the front and the
rear side of CDPF, the sensor sends signal indicating the soot is accumulated and the post
injection is performed to raise the temperature of exhaust gas. The amount of fuel injected is
determined according to the temperature of exhaust gas detected by the rear temperature sensor.
If the temperature is below 600°C, the amount of fuel injected is increased to raise the
temperature. If the temperature is over 600°C, the amount of fuel injected is decreased or not
controlled. When the engine is running in low load range, the amount of post injection and the
amount of intake air are controlled. It is to raise the temperature by increasing the amount of fuel
while decreasing the amount of intake air.

Front EGT sensor: Measure
DOC temp.

N

Rear EGT sensor: Measure
DPF temp.

-

Intake air
mass

ECU (DCM 3.7)

Injector: Control post
injection

Diff. pres. sensor: Measure
pressure between front side
and rear side of CDPF

Post injection

Exceed PM
limit

Booster
pressure/
temperature

T-MAP sensor

Control intake
air mass

Electronic throttle body
Control intake air mass
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E. Cautions

- Use only specified Engine Oil (approved by MB Sheet 229.51) for CDPF.

» Use only specified engine oil (Low Ash Qil)

- The vehicle equipped with CDPF should use specific engine oil to improve the engine
performance and fuel economy, and ensure the service life of CDPF.

» Issue with normal engine oil

- Sulfur, one of the contents of engine oil is burned and generates soot that is not regenerated
by the DPF. This remains on the filter as ashes and keeps accumulating. Eventually, this
ashes will block the filter.

» Benefit for specified engine oil

- Minimized the sulfur content of engine oil which reduces the service life.
- Improved fuel economy and emission level of CO2 with high performance and low viscosity.
- Increased service life of engine oil with high resistance to temperature.

» Problems when using unspecified engine oil

- The service life of filter may be reduced by 30% or more by the ashes accumulated on the
filter.

- The fuel economy may be reduced because of engine rolling resistance, frequent
regeneration of DPF.

* These problems are also caused by oil with high sulfur content, such as tax exemption oil
and heating ail, etc.
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3) Input/Output for CAN communication

ENGINE

ENGINE
SYSTEM QJASSEMBLEGENERAL

TURBOC @ ENGINE l INTAKE FUEL
HARGER EXHAUSTQ SYSTEM

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR BCHARGINJCOOLINGELUBRICA
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Input Control Output
Wheel speed, Cruise control mode Acceleration pedal condition,
ABS & OFF, System condition, Driving ESP torque control, Engine rpm, ABS &
ESP condition, Engine torque control Engine torque ESP
Glow plug condition, .
GCU | Power voltage, Temperature, Engine rpm =75
Glow plug control
Engine rpm, Preheating receiving
Instrument|  Fuel level, Gear position, E signal, GCU self diagnosis GCU
cluster | Engine warning lamp condition C request, Coolant temperature
U
Cruise control condition, Water-in-fuel
. warning sensor, Engine rpm, Glow plug | |nstrument
Engine torque request, Current lamp, Vehicle speed, Immobilizer sirume
transmission gear, Target gear, Torque wamning lamp, Coolant temperature cluster
TCU | converter lockup condition, Turbine speed, Fuel consum;ﬁtion ’
Limphome mode condition, TGS lever
position, Transmission oil temperature
Shifting request, Accelerator pedal
condition, Engine limphome mode, Cruise
control condition, ESP control, Engine rpm, TCU
Engine torque condition, Vehicle speed,
Coolant temperature, Intake air temperature
No diagnostic device Diagnostic
device
Modification basis ENGINE CONTROL
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CONFIGURATION AND FUNCTION

S. Gl

ECU

1) Overview

ECU receives and analyzes signals from various sensors and then modifies those signals into
permissible voltage levels and analyzes to control respective actuators. ECU microprocessor
calculates injection period and injection timing proper for engine piston speed and crankshaft
angle based on input data and stored specific map to control the engine power and emission
gas. Output signal of the ECU microprocessor drives pressure control valve to control the rail
pressure and activates injector solenoid valve to control the fuel injection period and injection
timing; so controls various actuators in response to engine changes. ECU controls EGR, CDPF,
swirl valve and EGR bypass valve to meet EURO V regulation.

2) Location

ENGINE CONTROL Modification basis
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3) Connector

[96] o5 04] 93] 2 a1 90 eo] s8] 7] 6] a5 84| s3] 2] 81] o] 70] 78] 77 76 78] 74 ] 73]

L Il2]

[7T8] oJro]11]12] 13] 4] 15 16 17 18] 19]

[72] 71]70] o] s8] 67] 66 65] 64] 63 62] 61] 60 59] 58] 57 56] 55 54] 53] 52 51] 50] 49]

[ 20]21] 22] 23] 24] 25] 26] 27[ 28] 20] 30] 31 32|

Al . r ]
(48] 47] 46] 45] 4] 43] 42] 1] 40] 30] 38] 37] 36 [ 35| 34] 33[ 32] 31] 30[ 20] 28] 27 26] 25] L]l [33] 4] 35] 36 37] a8 ] 30] 40 41 42[ 4a] 44] a5]
[2¢] ] 22 1 [ 0] o] 8] 7] 6] 15[ na[ s 2] 11] o[ o[8[ 7 [6 [ 6 [ ¢ [s [ 2[ 1] [s [Ce ] [s]er[e] o] o0 st]e2] s0] 4] 56 6] 7] o]

Connector Al Function Connector il Function
No No
A 01 |- A 15 | Signal, throttle valve position
sensor
02 |- 16 | Signal, EGR valve position
sensor
03 | Power, #4 injector 17 |-
04 | Signal, Intake air temperature 18 |-
(analog)
05 | Signal, ehxhaust gas 19 | Ground, fuel rail pressure
temperature sensor (rear) sensor
06 | Signal, ehxhaust gas 20 | Ground, crankshaft position
temperature sensor (front) sensor
o7 |- 21 |-
08 | Signal, differential pressure 22 | Ground, ehxhaust gas
sensor temperature sensor (rear)
09 | Signal, coolant temperature 23 | Ground, ehxhaust gas
temperature sensor (front)
10 | Signal, fuel temperature 24 |-
sensor
11 |- 25 | Ground/control, #4 injector
12 | Boost pressure sensor 26 | Ground/control, #1 injector
(T-MAP sensor)
13 |- 27 | Power, #1 injector
14 | Swirl valve motor (-) 28 |-
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Connec | Pin Function Connec | Pin Function
tor No tor No
A 29 |- A 49 |-
30 [ Ground, #1 knock sensor 50 | Power, #2 injector
31 | Signal, #1 knock sensor 51 | Power, #3 injector
32 [ Signal, #2 knock sensor 52 |-
33 [ Ground, #2 knock sensor 53 | Signal, intake air temperature
sensor (digital)
34 [ Intake air temperature 54 | Oxygen sensor trimming
sensor (T-MAP sensor) resistance (RT: TRIM RES1
STO2)
35 | Signal, fuel rail pressure 55 | Oxygen sensor pumping current
sensor (APE: Pumping Current)
36 |- 56 | Oxygen sensor Nernst voltage
(RET: Nernst Voltage)
37 |- 57 | Oxygen sensor virtual ground
(IPN: Virtual Ground)
38 | Power, fuel railpressure 58 | Signal, intake air mass
sensor (REF3)
39 | Power, crankshaft position 59 | Signal, camshaft position sensor
sensor
40 | Power, camshaft position 60 [ Signal, crankshaft position sensor
sensor (REF1)
41 | Power, T-MAP sensor 61 |-
(REF2)
42 |- 62 | Power, swirl valve position sensor
(REF3)
43 |- 63 | Power, throttle valve position
sensor (REF1)
44 | Ground, differential 64 | Power, EGR valve position sensor
pressure sensor (REFY1)
45 | Ground, coolant 65 |-
temperature sensor
46 | Ground, fuel temperature 66 | Power, differential pressure
sensor (REF1)
47 | Ground, camshatft position 67 | Ground, T-MAP sensor
sensor
48 |- 68 |-

ENGINE CONTROL
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Connecto| Pin Function Connecto| Pin Function
r No r No
A 69 | Swirl valve motor (+) A 91 | Signal, swirl valve position
sensor

70 | Ground, throttle valve 92 | EGR valve motor (+)
position sensor

71 | Ground, intake air 93 | EGR valve motor (-)
mass/temperature sensor

72 | Ground, EGR position 94 |-
sensor

73 |- 9% |-

74 | Ground/control, #2 injector 9 |-

75 | Ground/control, #3 injector B 1 | Power, ECU

76 |- 2 | Ground, ECU

77 | Ground, IMV valve PWM 3 | Power, ECU
control

78 |- 4 | Ground, ECU

79 |- 5 Power, ECU

80 |- 6 | Ground, ECU

81 | VGT actuator monitoring 7 |-

82 | Ground, oxygen sensor 8 | Signal, A/C refrigerant
heating pressure sensor

83 | Throttle valve motor (-) 9 | Signal, water sensor

84 | Throttle valve motor (+) 10 |-

85 |- 11 |-

86 | Ground, EGR cooler bypass 12 |-
solenoid

87 |- 13 | Signal, #2 accelerator pedal

sensor

88 [ Ground, VGT actuator PWM 14 | Ground, #2 accelerator
control pedal sensor

89 |- 15 | Signal, cruise control switch

90 | Ground, swirl valve position 16 | Signal, blower switch
sensor
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Connecto | Pin : Connecto| Pin :
) NoO Function ] NoO Function
B 17 | Start relay/clutch switch B 38 |-
18 | Clutch switch (TOP: NC/MT, 39 |-
auto cruise)
19 | Signal. key switch (IGN1) 40 |-
20 | Ground, A/C refrigerant 41 |-
pressure sensor
21 | Ground, vehicle speed 42 |-
sensor (w/o ABS)
22 | Power, A/C refrigerant 43 |-
pressure sensor (REF1)
23 | Power, cruise control switch 44 |-
(REF1)
24 | Power, #1 accelerator pedal 45 | Ground, main relay
sensor (REF2)
25 | Signal, #1 accelerator pedal 46 | PWM motor control signal
sensor output
26 [ Ground, #1 accelerator 47 | CAN Low (P-CAN)
pedal sensor
27 | Signal, vehicle speed sensor 48 | CAN High (P-CAN)
(w/o ABS)
28 |- 49 |-
29 | Power, #2 accelerator pedal 50 |-
sensor (REF1)
30 [ Signal, brake pedal switch 51 | Ground/control, A/IC
(NO) compressor relay
31 |- 52 |-
32 | Signal, brake pedal switch 53 |-
(NC)
33 | Ground, cruise control 54 |-
switch
34 | Ground, water sensor 55 |-
35 |- 56 |[PTCrelay #1
36 |- 57 |PTCrelay#2, 3
37 |- 58 | Signal, A/C switch
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4) Input/Output for ECU

Input

Control

IG"ON"B+

START signal

Boost pressure, temperature sensor

Knock sensor 1, 2

Air flow, intake air temperature sensor

Oxygen sensor

Coolant temperature sensor

Crankshaft position sensor

Accelerator pedal position sensor 1, 2

Throttle position sensor 1, 2

Camshaft position sensor

EGR position

Swirl valve position sensor

Fuel rail pressure sensor

Differential pressure sensor

Exhaust gas temperature sensor

Fuel temperature

Water sensor in fuel filter

Other CAN info.

D20DTR
ECU

Output

Start motor control

A/C compressor control

Injector control

IMV control

Turbocharger actuator control

EGR valve control

Swirl valve control

Throttle valve control

Coolant fan control

PTC heater control

Self diagnosis

Other CAN info.
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5) Circuit Diagram of D20DTR ECU

(1) Engine main relay, Pedal sensor, HFM sensor, Inlet metering valve, Exhaust gas
cooler bypass, VGT, O2 sensor

» %
15 . 15
SB5 VJ'\F:SO
10A
30A 2
A/Cruise SW &
Contact Coil A/Pedal Sensor
U o Coawy fTTiii A :
' o“WWe ! ' ' '
: SIS R e W Y e - B
O JEN . : 5 || O E
tPWR __SIG _GND_;
10 11 9 2 4 |3 |1 |6 |5

RY |GBr |Br [LG [YB [YR

11 _L___1__lceose
3 9 22 3 10 23
15A 15A BW [BwW [BW |wy GY G BrG |GR RY [GBr[Br [La |YB |YR
L )
...... Br_ /B3 _BS (B45 _______[B19 _____[B23__[B1S_ (B33 _________|B24[B25 |B26 [B29 [B13 [B14_
: B+ B+ B+ A IGN1 REF SIG = REF SIG = REF SIG = ]
; D20DTR(EU-V) ECU :
: Air Air :
1 = =3 Air Inlet Inlet "
; = - Flow (Digital) (Analogue) 1
I (R (R =\ S IG__SIG___§IG____-____.
A77 A86 A56 |A57 |A54 |AB5 |As2 As1 |Ass A58 [A53 (A4 | A7
ay Vo BR RW GB |aw [wB |Y |Gy L |BrG BrR |BrY |BW |Brw
VoSl ~C212
6 7 USct15 @cq1e \35. 4025 30 200445 c1168Y O __________ 3__7_1 _4cs
ay Vo BR RW GVo |GW [GrB |GrY |GY L |BrG Br |BrY [BW |Brw
—————— 117
g NC
F R ] ] T [N [ (i ——— -
2 |5 11__B_ |4 L 4 18 ]2  __11__]5__14 13 _]2_
UN VM 1A P Heater .

E/Gas O, Sensor B Veriable HFM Sensor
Metering Cooler Geometry
Valve  Bypass G105 Turbo
31 31
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(2) Valves (Intake, Swirl, EGR), Sensors (Fuel filter, Coolant temperature, Fuel
temperature, Map, Fuel rail pressure, Camshaft position), Switches (Stop lamp,

Clutch)
30 30
15 15
r |l|
15AEf7 7_5AF27 S202 S202
o e
'T' 'T' . a PTC1PTC2, 3 Start
Fuel Filter Relay Relay Relay
Scioe Pcoos | Intake Throttle Sensor "85 '85' 85’
: : e N N
LW YR i ] Q] |:
1 4 T o I ]
Tl iNoy T NGy 5 4 1 3 2 2 1\ 2 7
b NOy( )(_L } Stop \B_o_2 __ JC101 Clutch SW
R i---+ |1 Lamp | | ) LG 2 1
L] LtampiPedall (1 SW  T—0 — HBOTTOM)
5 3
ABS/ESP
Y RB Rc |BR [Rw |ew |a we |YyrR [er |Br |La %’;‘t
_______ C206 | __ _1C207 ] C206
" 3 \J2__17._ 32 _22_ 27 Go_18 7T
v c115 C202 N )
T o 2 1
RG = (TP,
5] Clutch _SW
| -1 5205 18 (A/Cruise)
i c213
7
Y RB rRc BR |rRw |aw [ BB |Ba [we [BR [BR [Br |G [W
B30 B32 As4 |A83 |a63 |a70 |a15 |B4s [B47 |B9 |B34 |BSe |B57 |B17 |B18
b e @m . e o m== ) ae N T S R T S ]
i sl sia @ 0 rer ) se T Ll A SIG™7SIG :
! = 1209 = = :
; HI caN LO ]
] D20DTR(EU-V) ECU :
! = :
. ®) A SIGREE O () __(_SIG REF SIG = SIG_ = SIG REF SIG = REF SIG -+ = SIGREF;

A14 | A69 [ A90 | A91 | AB2 | A93 |A92 [A72 [A16 |AB4 |A9 |A45 |A10 | A46 [A34 |A41 |A12

Br [BrY |GB [RW |BW|G R B BR |GY (LY |R RG |RW [RG |G BR

)
1N

Br [BrY |GrB|BrB |BrW|G GR |B BR |GY (LY |R RG |RW |RG |G BR

| =
©
-
-
-y
-
[}
10
©
©
-
o
~

A67 [A38 |A35 |A

LW |BG [GW |R

/)
¢

(@

=2
LFN
i
'ed
10

116

VW [BG |GW |R

L "
Swirl Valve EGR Valve Coolant Fuel MAP Sensor
(DC Motor) TEMP  TEMP

Sensor  Sensor

R/Pressure
Sensor

19 [A47 |A59 |A40

G |G |GBr |GB

I =
s
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Cam Position
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G201 31
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(3) Wheel speed sensor, Refrigerant pressure sensor, Injector, Sensors (Knock,
Crankshaft, Differential pressure, Exhaust gas temperature)

15 l 15
F26 A/C Control
10A )
L1 Panel Receiver Dryer
................. .
YR Comp FATC'A13" FATC'A16" | A/C Pressure Sensor | PWM
Relay ~ Manual Manual | - ] Motor
G\CZOG ngg" "Af2" "A17" i % ' g
A A A 1 5 3
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GY |GB [LBr 7
Y
3 RR RH C108
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L (WO TC10s CBEETERRT) GB
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5
Nti06
BL [wL WR Y YR GY |GB [Vvo
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3518y c206 L. 0y 514y
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BELEZEN INJECTOR (C3I)

1) Overview

The injectors are installed on the cylinder head cover and fixed by clamp. To meet EURO V
regulation, the injector in D20DTF engine has different features in fuel injection pressure, injection
angle, sealing and high pressure pipe compared to conventional engine. The injector coding is
C3lI (Calibration Improved Individual Injector) type. The fuel from high fuel pressure pump is
supplied to injector through high pressure pipe and fuel rail. Then, the Engine ECU opens the
solenoid valve to inject the fuel into the combustion chamber through multi nozzle. The back-leak
fuel returns to the fuel filter through fuel return line to go back to injector again. Some fuel
lubricate the high pressure pump and the fuel from the pressure limit valve returns to the fuel tank
through the return line.

2) Location

ENGINE B INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

SYSTEM

N COOLINGELUBRICATR TURBOC
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3) Components

1 Cap nut

2 Nozzle holder body
3 Filter

4 Nozzle body

5 Protective cap

6 Backleak cap

7 Actuator bobbin

11 C3l sticker

12 Control valve body

13 Control valve stem

14 Control valve armature
15Dowel pin

16 Nozzle valve

17 Actuator spring

18 Adjust pin

19 Injector spring

Specification

Control type

Current control type (PWM)

Installation

Clamping type

Operating pressure

1,800 bar

ENGINE CONTROL
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4) Features

(1) C3I (Calibration Improved Individual Injector)

The injector in engine equipped with common rail system is very precise component. It is able to
inject the 0.5~100mg/st of fuel with 1800 bar. To control this process precisely, the machining
tolerance for injector nozzle is very important element (unit of xm).

The fuel injection volume is needed to be corrected
because there could be differences in nozzles during
the machining. To do this, the initial characteristics of
injector is coded. This coding is called C3l.

C3lI [Improved Individual Injector Calibration]

C3l code

Totally 20 digits
(use Arabian numbers (1~9) and Alphabet except |, O, Q, V)

MDP learning

When idling and driving

Numbers of nozzle

Eight

a. C3l code on injector

LB (L] lIII_I’lI
T TE TR

(A) on injector (B) on cylinder head cover

ENG NO:00000000000000
1. 12345678901234567890

2. 12345678901234567890
3. 12345678901234567890

ENG NO:00000000000000
4. 12345678901234567890

C3l code marked | Engine serial number and C3lI
on the upper code for each injector on two
side of injector labels in cylinder head cover
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(2) Injection

A. Fuel injection pressure

- Minimum operating pressure: start injection from 100 bar
- Maximum operating pressure: 1,800 bar

- Pressure limit: 2,100 bar

B. Maximum fuel volume for each cycle

- Pilot Injection = 5 mm3

- Main Injection < 85 mm3 (at 200 to 1,800 bar)

- Operating pressure: 2,100 bar

Injection angle of injector nozzle

A\ cAuTION
removing the hoses and pipes

removed.

- Injector is clean sensitive component. Make sure to seal the openings with caps when
- Replace the copper washer at bottom of injector with new one once the injector has been

- Tighten the bolt for clamp with specified tightening torque.
- Be careful not to drop the injector.

ENGINE CONTROL
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(3) Injector control

Pullin current: lift the needle valve in injector, approx. 20 A

Hold in current: keep the needle valve operated, approx. 10 A

The low current can reduce the loss due to Joule effect from ECU and injector. Pull in timing is
later than hold in timing.

 current - The air gap between the valve and the coil
Peakpul 1 is reduced and the electromagnetic force
current|= 22.0A i
Through pull — H y SZ Q i to be applied to the valve can thus be
current = 7.5A Peak hold reduced. It is no longer necessary to
current = 7.0A . .
Through hold overcome the valve inertia.
current = 4.9A

g

Time

Pull-in period Hold period

TURBOC B ENGINE § INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

Main injection - Small injection separation: minimum interval
Pilot injection of 200ms (duration between the end of
pilot injection and start of main injection)

Small injection
separation

\

- Opening Delay:
Delayed time from applying operating

Injection voltage to start of injection
pressure

]
]
)
]
'
]
4—»

; Injector
Opening drive pulse
— delay

1000 2000 3000 Time(us)

ENGINE CDPF E-EGR B CRUISE B STARTIN @ D20DTR BCHARGINRCOOLINGRLUBRICA
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM ION
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5) Circuit Diagram

= = = =
| S — e - - . = — e = .= - == - - ] - - — . — [ S e p— —
A27 |A26 A3 |A25 A51 |A75 A50 |A74
BG |BR BW |BY GBr (Br GY |[LwW
\39__38________ 24 23 ____.29_ 28 ____: 34__.33)
C116 C115
BG |BR BW |BY GBr [RW GY |[LwW
2 1 2 1 2 1 2 1
F'_'_'| F'_'_'| I"_'_'| F'_'_'|
| ! | ! ! | | !
| ! | ! ! | | !
1P 1P 1P P
I 4 3. 2!
Injector
(Cylinder Firing Order: 1-3-4-2)
ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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6) Operating wave

#1 injector

#1 channel

#3 channel

Measuring

Measuring probe (+) A27
Measuring probe (-) body ground

Measuring probe (+) A26

Measuring probe (-) body ground

TP

B i
1N

The injector operation needs high current (26A). During idle range, 2.2V of power is supplied to
check the wiring conditions and charge the injector operating power into bank. The charged
power from each bank is supplied to injector at operating point. At this moment, #1 and #4
injectors use one bank, and #2 and #3 injectors use another bank. (+) side of injector uses 12V
power and (-) side is grounded at injector operating point.

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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HFM (HOT FILM AIR MASS SENSOR)

1) Overview

HFM (Hot Film Air-Mass) sensor is installed between air cleaner and turbocharger, and consists
of intake air mass sensor and intake air temperature sensor.

HFM sensor determines the fuel injection volume and injection timing by measuring the intake air
mass and intake air temperature. And, the intake air mass is used as a basic control signal for
EGR control.

- Measure the inflow air mass and temperature into engine.

- Thisis used as an important information for determining the fuel injection volume to get ideal
air-fuel ratio.

- Thisis used as a feedback signal for E-EGR valve control.

2) Location

HFM

BOSCH
Air Flow

1. Housing
2. ntake air temperature sensor
3. Air inlet port
ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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3) Operating Principle

HFM sensor (Hot Film Air-Mass Sensor)

Intake air mass sensor

Intake air
temperature sensor

The HFM sensor detects the intake air volume, and calculates the air flow by measuring the current
consumption of the heater cooled by the air passes through bypass channel. The diaphragm is
positioned in the sensor element, and has a heating zone. The heating zone is continuously cooled
by the intake air temperature. The ECU calculates the volume of the intake air by measuring the
current which is supplied to the heating zone to keep the temperature constantly. There intake air
temperature sensor, which measures the intake air temperature to calculate the exact air density, is
also mounted in this sensor.

For HFM7, the intake air volume is converted to a digital signal and the intake air temperature is
output in the form of both digital and analog signals, like HFM®6.

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01

Affected VIN

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

D20DTR CHARGINECOOLINGLUBRICA
PRE- (€ SYSTEM ION

ENGINE CDPF E-EGR B CRUISE @ STARTIN
CONTRO | SYSTEM [ SYSTEM g CONTRO G



15-68

ACTYON

= ) 7 4 o~ o

4) Input/Output

D20DTF ECU
@ %) @ (9]
5 ® 5 ®
A23 A6 A22 A5
2 1 2 1

5) Signal

» Features for intake air mass sensor

Intake air mass

Feature (us)

10kg/h 504.27
75kg/h 365.46
160kg/h 295.19
310kg/h 223.01
640kg/h 127.68
800kg/h 94.07

» Features for intake air temperature sensor

45

40
35

30

25

20

- Min

Resistance (kS2)

15
10

—Normal

= Max

5

0

k/% %_
7/

-40

20 0

20 40 60

Temperature (C)

80 100 120

telrr:sgfa?:re Resistance (R)
20 39650
0 5489
20 2419
80 336.1
100 197.3
130 97.11

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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6) Circuit Diagram

ECU DCM3.7
g 3T
= «Q
5% 58 2% ¢
oA Tad =g =]
@ g g a
Power supply @ @
(12v) A58 A53 A4 A71
I
|
1 5 4 3 2
~
7) Operating Wave
(1) Intake air mass sensor
Measuring Measuring probe (+) A58
Measuring probe (-) A71

Idling

Abrupt acceleration (4000 rpm)

A

The signal form intake air mass sensor is
digital type (0 V, 5 V). And, the output is
frequency type and the duty ratio is fixed at
50%.

lhl"“ Wu h i il N” W" W ‘H\L]I\hu

The intake air mass is increased by 1,000
mg/stk during sharp acceleration. If it
continues to go up, the sensor output
frequency is increased nut the duty ratio is
fixed at 50%.

Modification basis

Application basis
Affected VIN

ENGINE CONTROL
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(2) Intake air temperature (digital)

Measuring

Measuring probe (+) - A53

Measuring probe (-) - A71

Ce o) el e —y

T | s

There are two types, analog and digital, of
signal for intake air temperature. Digital signal
sends the temperature value with duty ratio.
As the temperature goes up (-), duty ratio
also goes up.

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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BEEZEE T-MAP (TEMPERATURE-MANIFOLD AIR
PRESSURE) SENSOR

1) Overview

T-MAP sensor is installed in the intake duct between electronic throttle body and intake manifold.
T-MAP sensor contains the pressure sensor and the temperature sensor. It measures the boost
pressure in turbocharger and the boost temperature passed intercooler.

T-MAP sensor uses NTC thermister to measure the air density into turbocharger. This allows the
sensor to control the system precisely according to the intake air volume. Boost pressure sensor
corrects the fuel injection timing and volume according to the turbocharger operating conditions,
and supports HFM sensor.

2) Location

T-MAP (boost temperature +
pressure) sensor

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL
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3) Input/Output for T-MAP sensor

T-MAP ECU
Boost Air pressure E-VGT
pressure Boost pressure actuator control
Intake air Feed control
Boost Air density Fine Fuel v?lulme
temperature air mass contro
4) Features
» Boost pressure sensor
SV Check boost pressure sensor data
4.65V |- a2 B pressu 0
Check data at sharp acceleration: over 1.6
bar
0.4V =
ov 0.2bar 3bar
» Intake air temperature sensor
T-MAP temperature sensor Intake air Resistance
5000 temperature ()
\ — Resistance(S2)
4500 1\ -40 48153

a 4000

2 3500 -20 15614

o

§ 3000 \ 0 5887

22500 \

& 2000 20 2510
1500 40 1199.6
1000 %

500 T 60 612.3
0 ——
40 20 0 20 40 60 80 100 120 80 32948
Temperature(TC) 100 186
130 84.45

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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5) Circuit Diagram

N3LSAS RISNYHX3
13N4 IMVINI g INIONT

HIOHYH

00g4dNL givordant

INFLSAS O -J4d O OdINOD § WILSAS | WILSAS g O41NOD
ONINMOOO PNIOHVHO I H1d0¢A g NILHVLS @ 3SINHO g €933 4ddd ANIONT

D20DTR(EUS) ECU

LW

C116

VW

BR

BR

SIG

RG

RG

T-MAP sensor

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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6) Operating Wave

(1) Boost pressure

Measuring condition Maintain 4,000 rpm for 3 seconds with vehicle stopped

_ Measuring probe (+) A12
M
easuring Measuring probe (-) A67

When idling, the output value is 1.2 to 1.3V
at 1 bar (atmospheric pressure). When
accelerating the engine sharply, the boost
pressure is increased over 1.6 bar instantly.

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

Modification basis

Application basis
Affected VIN
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BLEZIIE COOLANT TEMPERATURE SENSOR

1) Overview

Coolant temperature sensor uses NTC thermister that the resistance goes down as the
temperature goes up. Coolant temperature sensor corrects the fuel injection volume according to
the coolant temperature. When the engine is cold, the engine output could be insufficient. This
may cause the increase of exhaust gas volume, and accordingly, the fuel injection volume is also
increased.

This sensor has the functions as below (through CAN communication):

- Shows the coolant temperature on meter cluster

- Stops cooling fan and A/C compressor operation when the engine is overheated

- Determines the pre-glow time by sending coolant temperature signal to GCU at initial engine
starting

2) Location

Coolant temperature sensor

Modification basis ENGINE CONTROL
Application basis ACTYON SPORTS 11 2012.01

Affected VIN

ENGINE B ENGINE
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3) Input/Output for Water Temperature Sensor

Coolant
temperature sensor

Coolant
temperature

Engine
warmed up

ECU

Determine
Electric fan
operating condition

Determine Engine
warming up
condition

Fuel injection

CAN
communication

Fuel injection
/Injection timing
Cooling fan

Indicator operation
of instrument cluster

GCU control

A/T shifting delay(warming up)

Fuel injection volumecontrol

Idle control speed

Electric fan operation

A/C compressor block

4) Control Elements according to Coolant Temperature

- Injection period

Idle speed is increased to 1,500 rpm from 1,140 rpm according to the coolant temperature.
- Fuel injection volume control
Helps engine warming up by controlling the fuel injection volume according to the coolant

temperature.

- Shifting delay (A/T)
Delays the transaxle shiting to help engine warming up when the coolant temperature is low.
- Cooling fan operation
Cools down the engine by operating the cooling fan according to the coolant temperature.

- AJC operation

Stops the A/C compressor according to the coolant temperature.

ENGINE CONTROL

ACTYON SPORTS 11 2012.01
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5) Characteristic Curve

WTS

5000 == 1 — Resistance(Q)
4500 N

| § — Voltage(V)
4000

3500 N
3000 |-\ \
2500
2000 |4+ N
1500 S
1000 g

500 S

FUEL ENGINE B ENGINE
SYSTEM QASSEMBLEGENERAL

.

Resistance(Q)

AUSTR SYSTEM

/.
/.
/.
V4
V4
/
/.
7
|
I
ﬂ

20 40 60 80 100 120

Temperature(C)

Temperature (C) Resistance (Q) Voltage (V)
-40 42695.5 4.896

. o

1N

o

%)

o

o
I
/
|
I
I

OLINGBLUBRICATHE TURBOC B ENGINE
HARGER

CO
SYSTEM

-20 14641.6 4.705
0 5681.8 4.298

ARGIN
(€

20 2449.9 3.615
40 1155.9 2.747

D20DTR §CH
PRE-

60 589.4 1.910
80 3214 1.259

100 185.7 0.819

120 112.9 0.536

130 89.52 0.436

ENGINE CDPF E-EGR B CRUISE @ STARTIN
CONTRO | SYSTEM [ SYSTEM g CONTRO (€
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6) Circuit Diagram of Water Temperature Sensor

» Internal circuit of sensor » Connected circuit to ECU
D20DTF ECU
3 1 o
< o) g
sv) ©
A9 A45
2 4 3 2 1 4
NTC2 NTC 1 E

7) Operating Wave

Measuring condition After engine warmed up (80C of coolant temperature)
Measuring Measur?ng probe (+) A09
Measuring probe (-) A45

Water temperature sensor uses NTC thermister
that the resistance goes down as the
temperature goes up. It uses 5 V of reference
voltage. When the coolant temperature is

80°C, the output voltage is approx. 1.2 V.

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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BLEEZEE FUEL RAIL PRESSURE SENSOR

1) Overview

The fuel rail sensor in fuel rail assembly converts the fuel pressure signal to electric signal, and
sends it to ECU after amplifying. To replace the fuel rail sensor, replace the fuel rail assembly as a
unit. The pressure in fuel rail is determined by engine rpm, engine torque, atmospheric pressure,
coolant temperature and intake air temperature. The fuel rail pressure sensor determines the

opening of IMV to control the fuel rail pressure.
The measurable rage of fuel rail pressure is 0 to 2,200 bar.

2) Location

Fuel rail assembly

1. Connector
2. Measuring circuit

3. Sensor element (diaphragm)

4. Fuel rail pressure sensor assembly
5. Fuel rail

Modification basis

Application basis
Affected VIN
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3) Features

» Output voltage

4.8V
Upper limit
4.5V
o
S
©
=3
S
&
(0]
0.5V
Lower limit
0.2V
Obar 2200bar
Pressure(P) —
Supply voltage 5+£01V
at 2,200 bar 4.5+ 0.125V
Output voltage
at 0 bar 05+0.04V
) 0to 1,000 bar over = 1.0 %
Operating range
1,000 to 1,800 bar over £ 1.6 %
ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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4) Circuit Diagram

» Internal circuit

Sensor

Vext Supply(5+0,1V)

Pull up R:2,2 k& £1%

Vout Signal(0,5 to 4,5V typical)

Grd Ground(0V)

» Connected circuit

D20DTF ECU
®
2 & Z
A38 A35 A19
3 1 2
-]

The fuel rail pressure sensor with Piezo element is installed on silicone chip. The Piezo element
changes its resistance according to the changes of external pressure. The fuel rail pressure
sensor uses this characteristic to measure the pressure.

Modification basis

Application basis

Affected VIN
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5) Operating wave

Measuring condition Sharp acceleration with vehicle stopped
Measuring Measuring probe (+) A35
Measuring probe (-) A19

The fuel pressure is increased by 700 bar
when accelerating the engine sharply with the
vehicle stopped. Accordingly, the fuel
pressure signal is also increased.

Measuring condition Disconnect IMV connector with vehicle stopped

IMV is NO (Normally Open) type valve. This
controls the fuel pressure. Thus, when cutting
off the power, the fuel pressure is increased
by maximum value.

~

-+~ Fuel pressure

R M

:-I Y — 1 ;q‘r-ml[p—1

&-LE

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis
Affected VIN




BLEZXEE FUEL TEMPERATURE SENSOR

1) Overview

The fuel temperature sensor is NTC type resistor to detect the fuel temperature and to send it to
ECU. If the fuel temperature is too high, ECU reduces the opening of IMV to decrease the fuel
volume. The fuel temperature sensor is installed between low pressure line and high pressure line. It
uses 5 V to generate the output voltage.

2) Location

Fuel temperature sensor (FTS)

3) Features

FTS Temp. (C) | Resistance () | Voltage (V)
2000 = L — Resistance(Q)
4500 A — Voltage(V) -40 75789 4.903
4000 .
S 3500 N -10 12462 4.463
g 3000 .
§ 2500 N 0 7355 4.153
@ 2000
€ 1500 A . 10 4481 3.746
1000 NG
500 N i e 20 2812 3.261
0 40 1199 2221
40 20 0 20 40 60 80 100 120
Temperature(C) 70 394 1.040
90 206 0.604
120 87 0.276
140 52 0.171
Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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4) Circuit Diagram

A9 — Signal
1 N\ -5V ref
rd
2 A46
=
5) Operating wave
Measuring condition Fuel temperature: 40 C
Measuring Measuring probe (+) A10
Measuring probe (-) A46

The fuel temperature sensor measures the
fuel temperature to check the lubrication
performance. If the fuel temperature is too
high, ECU reduces the opening of IMV to
lower the fuel temperature.

Therefore, if there is a failure related fuel
temperature, the engine could be stopped
due to insufficient fuel.

(o o Y[ o) S o o wamiin | ==

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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B2l WATER SENSOR IN FUEL FILTER

1) Overview

Water sensor is installed at bottom of fuel filter. If water accumulated in fuel filter exceeds a
certain level (approx. 45 cc), the sensor sends the signal to ECU to turn on the warning lamp.

2) Location

Water sensor in fuel filter

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

3) Circuit Diagram

D20DTF ECU
@
Z
O
B34 B9
1 2

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR BCHARGINJCOOLINGELUBRICA
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM ION
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BEEZEE WIDE BAND OXYGEN SENSOR

1) Overview

For diesel engine, combustion is not performed at the optimum (theoretically correct) air-fuel ratio
and the oxygen concentration is lean in most cases. So the wide-band oxygen sensor is used for
this kind of engine, and this sensor is a little different from the one that used for gasoline engine.
This sensor is located at front end of CDPF. It measures the concentration of oxygen (ideal air-
fuel ratio) in exhaust gas to check if the combustion is in proper condition. It sends this signal to
ECU for recycling CDPF, operating EGR, reducing smoke and correcting air-fuel ratio due to old
engine.

- Heating oxygen sensor: Increase the oxygen sensor temperature to active level (approx. 300 to
6007C) at initial start stage of engine.

2) Location

Oxygen sensor

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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3) Features

The oxygen sensor used in gasoline engine produces voltage by movement of oxygen ions when
there is oxygen concentration difference between the exhaust gas and atmosphere. The wide-
band oxygen sensor also uses similar principle. If a certain voltage is applied to the sensor, the
movement of oxygen ions occurs regardless of the oxygen density. The current generated
through this flow of ions, is called pumping current (IP), and the oxygen sensor measures this
value.

Engine ECU
(Lambda Controler)

3§

Fuel volume control 1) 1

<& G0 | E-VGT
. I I urbocharger:

- Oxygen
P | sensor

A 1"

E-EGR

The wide—band oxygen sensor contains 2 platinum electrodes with a electrolyte (ZrO, ) between
them. The exhaust gas penetrates the space between these 2 electrodes, then the oxygen sensor
compares the oxygen concentration in this reference space (oxygen in the exhaust gas) against

the one in the atmosphere. The oxygen sensor performs the current feedback control based on

the reference voltage (452 mV) at the point of optimum air-fuel-ratio. When the mixture is lean,

the difference between oxygen levels is smaller than normal. Thus the sensor controls the

pumping current until the voltage reaches 450 mV while the oxygen is moving because of the
difference in oxygen concentration. The pumping current more increased, as the air-fuel ratio

gets leaner. The air-fuel ratio of exhaust gas can be calculated by using this value.

Functions:

- Reduce Nox and PM by controlling E-EGR
- Reduce smoke at full load

- Detect irregular combustion

- Adjust Nox volume in CDPF

ENGINE CONTROL

Modification basis

Application basis ACTYON SPORTS 11 2012.01
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4) Circuit Diagram

[P e e e O O R RO P T FUR R RC PCRC SR PO PO PO FOL
' ]
| '
i |
i D20DTR(EU5) ECU !
' |
| '
¢ ]
| L
S e e et e J
A56 A57 A54 A55 A82
GB GwW WB Y GY
c11e \35_____ 40_____ 25 ____: 30 _____ 20115
G\Vo GwW GB GY GY
r-—"-—"-"1
| BAT+ !
|
16 2_ ___ | 5 __ 11 _ B3_ |4
U LA S I e m
| i
| i_ !
b _:' -
O: Sensor
ENGINE CONTROL Modification basis
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5) Operating wave

(1) Oxygen sensor heater

Measuring

Measuring probe (+) A82, Measuring probe (-) body ground

The oxygen sensor is optimized at approx.

7007C.
() IP, 1A, VM, UN
#1 channel #2 channel
Measuring probe (+) A10 Measuring probe (+) A
Measuring Measuring probe (-) A46 Measuring probe (-) body ground
#3 channel #4 channel
Measuring probe (+) A Measuring probe (+) A
Measuring probe (-) body ground Measuring probe (-) body ground

Modification basis

ENGINE CONTROL

Application basis

ACTYON SPORTS 11 2012.01

Affected VIN
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BEEZZE DIFFERENTIAL PRESSURE SENSOR

1) Overview

The differential pressure sensor detects the pressure difference between the front end and rear
end of CDPF, and has a integrated piezoelectric resistor. As the PM is accumulated in CDPF, the
pressure of exhaust gas increases. Therefore, the signal from the differential pressure sensor is
used as a basic operation signal for CDPF regeneration. This signal is sent to ECU.

The actual amount of PM in CDPF is calculated not only by differential pressure sensor but also
by exhaust gas temperature (volume expansion), intake air mass and boost pressure.

If the amount of PM in CDPF exceeds a certain level, post injection is performed to increase DOC
temperature by 450°C to 500°C for recycling PM.

2) Location

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis

Affected VIN




NACTYON]

15-01

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

TURBOC @ ENGINE l INTAKE
HARGER EXHAUSTQ SYSTEM
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3) Specification
; Measured value
Unit
Min. Typ. Max.
Operating pressure kPa 0 100
Permissible (@ -40 130
temperature
Supply voltage \% 4,75 5.0 5.25
Supply current mA 10 14 175
Output current mA -1.0 05
Response time ms 10
4) Features
< 4.5V
()
(@]
ol
E
[E
2
(2]
2 0.5V — |
|
OkPa 50kPa 100kPa

approaches to 4.5 V. And, if it goes smaller, the signal value approachesto 0.5 V.

» Function

oRnpbE D (H<4
LU T T'TCSoSUTT UlNITITIILT

The differentiarpressure sensor detetts the difference tetweerrfrontard rearend-of COPF,and
sends the signal value (0.5 to 4.5 V) to ECU. If the difference goes bigger, the signal value

1. Used as a signal for calculating the amount of PM in CDPF
2. Measure the pressure of recycled exhaust gas to check if CDPF is working properly
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5) Circuit Diagram

(1) Sensor data check

D20DTF ECU

Ad44 A8  AG6

P

- Check sensor data with Scan Tool

- Key ON: 0 kPa

Idling: approx. 1 kPa

- At sharp accelerating: approx. 20 kPa

6) Operating Wave

Measuring condition Sharp acceleration with vehicle stopped
Measuring Measuring probe (+) A08
Measuring probe (-) A44

In general, the output of difference is below 1
kPa in idling condition because the exhaust
gas is not much. During sharp acceleration,
the output of difference is highly increased,
but it is not over 20 kPa.

IR | IR ST

ENGINE CONTROL Modification basis
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EGT (EXHAUST GAS TEMPERATURE) SENSOR

1) Overview

The front temperature sensor is installed in the exhaust manifold and the rear temperature sensor
is installed in CDPF assembly. The sensing area of rear exhaust gas temperature sensor is longer
than that of front exhaust gas temperature sensor.

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

2) Location

ENGINE
HARGER EXHAUSTQ SYSTEM

COOLINGLUBRICATE TURBOC

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR @CHARGIN
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM

Front EGT sensor Rear EGT sensor

-

To prevent the turbocharger from This sensor determines the POST
damaging due to POST injection, the injection volume.

fuel injection volume is limited when the
exhaust gas temperature goes very
high.

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
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3) Features

CDPF teomperature Resistance () CDPF teomperature Resistance ()
("C) ("C)
-40 169.18 350 453.66
-20 184.64 400 487.56
0 200.0 450 520.87
25 219.07 500 553.60
50 237.99 600 617.30
100 275.40 700 678.66
150 312.22 800 737.68
200 348.46 830 754.93
250 384.11 850 766.31
300 419.18

» Front EGT sensor

The front EGT sensor is installed between the turbocharger and exhaust manifold, and monitors

the exhaust gas temperature to protect the turbocharger from damage due to overheating. If the
temperature of exhaust gas exceeds approx. 800°C, internal bearing could be stuck by burnt out.
ECU monitors the signals from front temperature sensor so that the exhaust gas is not

overheated. If necessary, ECU reduces the fuel injection volume or increases the EGR gas

volume to lower the temperature.

» Rear EGT sensor

The rear EGT sensor is installed between the DOC and CDPF, and determines whether the

exhaust gas temperature is suitable for performing regeneration or not, during postinjection. The
exhaust gas temperature after DOC is increased to approx. 600°C. If the temperature exceeds this
limit, the sensor reduces the post-injection volume; if the temperature drops under this limit the

sensor increases the temperature by increasing the injection volume.

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis

Affected VIN




ACTYvO

]

—SPOI7-S

16-95

4) Circuit Diagram

D20DTR engine ECU

Q o Q o

g o 5 o
A23 A6 A22 A5

2 1 2 1

Front temperature sensor

Rear temperature sensor

The front exhaust gas temperature sensor
sends the voltage value as a signal to ECU.

The rear exhaust gas temperature sensor
measures the temperature pass through
DPF. If the temperature is low (below
600°C), engine ECU reduces the intake air
volume and extends post injection period to
raise the exhaust gas temperature.

5) Operating wave

Measuring condition After warmed up
) Exhaust gas temperature Exhaust gas temperature
Measuring sensor #1 sensor #2
Measuring probe (+) AO6 Measuring probe (+) AO5
Measuring probe (-) A23 Measuring probe (-) A22

The front exhaust temperature is nearly same
with the rear exhaust gas temperature before
post injection.
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E-EGR (ELECTRIC-EXHAUST GAS
RECIRCULATION) VALVE

1) Overview

The DC motor type EGR valve for the D20DTR engine is the E-EGR (Electric-Exhaust Gas
Recirculation) valve that is directly controlled by the ECU with electric signal. The E-EGR valve is
directly controlled by the ECU through the duty control and the valve location signal is sent to
ECU as feedback. This signal is also used as feedback signal for ECU to control the EGR rate.
Also it is used to check whether the E-EGR valve is properly controlled by ECU.

2) Location and Components

EGR bypass
solenoid valve

E-EGR valve

E-EGR valve

EGR bypass

valve
Name
3 Socket E-EGR valve E-EGR valve
4 Valve spring assembly connector
3 Motor assembly
6 Gear box assembly
7 Cam
8 Shaft
9 Bearing
11 Disc spring
12 Spring
13 Oil seal
14 Stem guide
15 Case
16 Stem
17 Valve disc

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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3) Features
(1) Features

A. Improved response and accuracy by ECU control

E-EGR valve directly controls the integrated solenoid valve by receiving the signals from ECU.
With this, there are improvement in vacuum leak and response delay. And, E-EGR could be
controlled more precisely by electric signals.

B. Introduction of feed-back function in E-EGR valve

Engine ECU directly controls E-EGR valve, and E-EGR valve feedbacks the exact position to
ECU.

E-EGR body E-EGR connector

The resistance of solenoid in E-EGR valve is approx. 8@ + 0.5Q at terminal #1 and #5, and
approx. 4 kQ + 40% at terminal #4 and #2 (at normal temperature).

The resistance value is changed by EGR valve opening according to the electric signals from ECU
(terminal #4 and #3). This is the feedback signal for E-EGR valve opening to ECU. The intake air
volume of HFM sensor is the basic feedback signal for controlling E-EGR valve opening.

C. Anti-chattering and improvement of durability

There are two valve seats in E-EGR valve. This reduces the valve chattering due to back pressure
during vale operation compared to conventional EGR valve. Accordingly, it improves the durability
of valve stem.
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D. Introduction of EGR valve cleaning function

E-EGR is chattered when turning off the engine and decelerating in mid/high speed by operating
the solenoid. During this period, the carbon and foreign materials on E-EGR valve are cleaned.

E. Correcting EGR valve position (change due to accumulated carbon)

E-EGR valve is able to correct the change of valve position by monitoring and analyzing the open
and closed positions when turning off the engine.

4) E-EGR Valve Operating Range

The operating range of E-EGR valve is controlled by precise control logic (MAP).

. Moderate intake air temperature:approx. —10°C to 50°C

. Proper atmospheric pressure: over 0.92 bar

. Proper engine coolant temperature: 0°C to 100°C

. Sharp acceleration (over 2,600 rpm): stop EGR valve operation
. Long idling over 1 minute: stop EGR valve operation

. High vehicle speed over 100 km/h: stop EGR valve operation

. High engine torque over 380 Nm: stop EGR valve operation

. No DTC related EGR system: normal EGR valve operation

O NO Ol A~ WN P
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5) Control Logic of EGR Valve

(1) Initial learning mode

If there is no position data for EGR valve, the initial learning should be performed.

Learning period key on
e R
Duty(%) 4 Input Key ON
0 learned \_ )
value .

f R

The valve moves downgradually

as the current is increased

-50 S )
. 80 i 100 i — > ( )

« Time(ms) If the current exceeds the specified

If there is no learning value memorized, the
learning begins when the key is turned ON.
The current is increased gradually to position
the valve at the bottom position If the valve
contacts the seating surface the current will
rise again. The bottom (initial) position of the

valve is determined by this process.

limit, the valve stops moving

(&

{

The power is cut off

{

The valve is settled to
the bottom position

- J
(2) Learning mode with engine ON/OFF
Learning period Key ON or Key OFF
e )

The learning of EGR valve is performed when the key
is turned ON and OFF. At each time, the ECU
compares the current value and the map value and
performs the learning process again if those values
are different from each other. The process for

relearning is the same with the initial learning.

The ECU compares the value
with the map value

{

Moves the valve to get
the desired value

{

Performs the learning
process again
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(3) Learning during driving & removing soot mode

Learning period

During closing EGR valve

Sensor signal
A

Max. lift 2 to 3%
(0.12 ~ 0.18mm)

|

H » Time
................................. >
Closed loop confrol
(PID Contrél)
@ e s » Opened Ioop control
DC motor \
4
duty Learning pésition
0% | » Time
-10%
50 100 100 100
UL TP G PN LU ST C DRLL- S
R Pieerereeri PR corrnrn »
. . . ( )
Whgn tr_1e Iearrung is performed during the Performs the learning
vehicle is running, the valve slowly moves to the process again
closing position. After initial learning with the ~ ~
valve is closed, the EGR valve is controlled by p 9 N
duty of 10% when the valve is closed, so as not
Initial learning
to be open by the exhaust gas pressure.
- J

.

To prevent the valve from being
open by exhaust gas pressure

ENGINE CONTROL
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D20DTR(EUS5) ECU

6) Circuit Diagram
i
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7) Operating Wave

Measuring condition

After warmed up

Measuring

Measuring probe (+) A92
Measuring probe (-) A93

» When EGR valve is not operating

EGR(-)

EGR(+)

e aEm EEE T T r'—:‘

=R Em e !

99 us

E-EGR uses DC motor. It is controlled by duty ratio at (-) side when not in use.

ng

» When EGR valve is operati

R | S R [ o e e

" |

Iv ud ‘1

R I TR T

E-EGR valve is operated by supply power from PWM at (+) side when in use

ENGINE CONTROL
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BRI ELECTRONIC THROTTLE BODY

1) Overview

Electronic throttle body control system contains electronic throttle body, accelerator pedal sensor
and ECU as basic elements. Throttle body consists of actuator, throttle plate and throttle position
sensor. The actuator is driven by motor. ECU receives the signals from throttle position sensor to
control the engine as below:

- event the dieseling and vibration by cutting off the intake air when stopping the engine
- Control the intake air volume while working with CDPF system
- Control EGR volume effectively while working with EGR system

2) Location and Components

Electronic throttle body

Name

Throttle plate

Housing

Connector

Al W] N|

Sealing
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3) Circuit Diagram

Intake throttle valve

Sy

5 4 1 3 2
L\1
RG BR RW GW G
N v 2 ____._ 2 27
C115
RG BR RW GW G
............. _|A84__ _|A83 _ _ _[AB3__ _ IAT0 _ __IAMS .
' *) ) REF L SIG
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EGR BYPASS SOLENOID VALVE

1) Overview

ECU controls E-EGR bypass valve to reduce NOx in exhaust gas when the engine is cold.
The vacuum modulator valve is operated by the signals from ECU to bypass the exhaust gas into
the intake manifold. The vacuum modulator is ON/OFF type operated by ECU.

2) Location

E-EGR bypass solenoid valve

The solenoid valve is turned ON/OFF by
the signals from ECU. The vacuum
pressure generated by vacuum pump is
transferred to E-EGR bypass valve. The
cooling operation in EGR cooler is not
needed before engine is warmed up.
Therefore, in this period, the EGR gas
goes to the intake manifold through
bypass line without passing through EGR
cooler.

E-EGR bypass valve
(EGR gas flow)

E-EGR bypass
== ==3» E-EGR cooler

Modification basis ENGINE CONTROL
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4) Circuit Diagram
D20DTR engine ECU
o)
Z
O
A86 BAT(+)
1 2
5) Operating Wave
Measuring condition After engine warmed up
Measuring Me_asuring probe (+) A86
Measuring probe (-) body ground
[ Hid ][ _1 a:][ 21nid ]h_'i_'.ﬂjv}fﬂnpaﬁ-quﬂﬁwuﬂtn—:ﬂ - .” —
[ ELT ]l' AM 2 ][ Peak ]:
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EMAEEE VARIABLE SWIRL ACTUATOR

1) Overview

The swirl control valve is installed on the intake manifold and generates the swirl by blocking the
vertical port of intake valves. The swirl improves the combustion efficiency and increases the EGR
ratio by accelerating the air-fuel mixture. The swirl valve is controlled by DC motor.

2) Location

Variable swirl actuator

3) Specification
Description Specification
Operating voltage 10V ~1ev
Operating temperature -30C ~130C
Idle speed 6010 ~ 7510rpm
Resistance 3.9Q £ 12%
DC motor
Operating frequency 1000Hz
Holding current below 0.7 A
Sensing type Potentiometer
. Supply voltage 5V
Position sensor
Signal range 0.17V ~4.83V
Permissible maximum current < 154A
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4) Operation

» Mid- and low speed range

The moving speed of piston is slow in mid- and low speed range. Accordingly, the intake air
flowing speed could be also slow. It may cause slow air flow and poor air-fuel efficiency in
cylinder. To improve this, the system closes the intake port partially.

» High speed range (approx. 3,000 rpm)

If the intake port is partially closed in high speed range, the air intake efficiency could be
decreased due to high friction resistance. Therefore, in high speed range, both intake ports are
open to maximize the air intake efficiency.

5) Features

- The swirl valve is controlled by DC motor.
- The internal position sensor is the potentiometer type.

r REF

— | \_| ; GND
Swirl position
SIG
MOTOR+

DC motor
MOTOR-
0 position

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis

Affected VIN




R 15-109

» Types of swirl

Swirl: One cylinder has two intake air ports, one is set horizontally

w
= and the other one is set vertically. Swirl is the horizontal air flows in
\‘ Q |/ cylinder due to the horizontal intake air ports.

\_/ Tumble: Tumble is the vertical air flows in cylinder due to the

/;) vertical intake air port

\ / Squish: Squish is the air flows due to the piston head. Normally,
C this is appears at the final process of compression. In CRDi
engine, the piston head creates the bowl type squish.

» Swirl control

In DI type diesel engine, the liquefied fuel is injected into the cylinder directly. If the fuel is evenly
distributed in short period, the combustion efficiency could be improved. To get this, there should
be good air flow in cylinder. In general, there are two intake ports, swirl port and tangential port, in
each cylinder. The swirl port generates the horizontal flow and the tangential port generates the
longitudinal flow. In low/mid load range, the tabgential port is closed to increase the horizontal
flow. Fast flow decreases the PM during combustion and increases the EGR ratio by better
combustion efficiency.

Intake air control valve
closed
Tangential port

Tangential port

Swirl port Swirl port

Protrusion that
generates Swirl
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Load Engine speed S Amou_nt & Remarks
valve swirl
Low speed, below 3,000 rpm Closed Heavy Increased EGR ratio, better air-fuel
Low load mixture (reduce exhaust gas)
High speed, over 3,000 rpm Open Light Increase charge efficiency, higher
High load engine power

The variable swirl valve actuator operates
when turning the ignition switch ON/OFF
position to open/close the swirl valve. In this
period, the soot will be removed and the
learning for swirl valve position is performed.

=

s =5 . S M ,a‘—t-."'.. 4
| e i ) W' § i A, y - N @
‘— Swirl valve 4|

» Features

- Swirl and air intake efficiency
To generate the swirl, the intake port should be serpentine design. This makes the resistance
in air flow. The resistance in air flow in engine high speed decreases the intake efficiency.
Eventually, the engine power is also decreased, Thus, the swirl operation is deactivated in high
speed range to increase the intake efficiency.

- Relationship between swirl and EGR
To reduce Nokx, it is essential to increase EGR ratio. However, if EGR ratio is too high, the PM
also could be very higher. And, the exhaust gas should be evenly mixed with newly aspired air.
Otherwise, PM and CO are dramatically increased in highly concentrated exhaust gas range
and EGR ratio could not be increased beyond a certain limit. If the swirl valve operates in this
moment, the limit of EGR ratio will be higher.

P Relationship between swirl and fuel injection pressure

The injector for DI engine uses the multi hole design. For this vehicle, there are 8 holes in injector.
If the swirl is too strong, the injection angles might be overlapped and may cause the increased
PM and insufficient engine power. Also, if the injection pressure is too high during strong swirl, the
injection angles might be overlapped. Therefore, the system may decreases the fuel injection
pressure when the swirl is too strong.

ENGINE CONTROL Modification basis
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6) Swirl Valve Actuator
(1) DC motor

DC motor is used for operating the actuator.
PWM uses H-bridge circuit and signal range
is 1~10000 Hz. The maximum current is 4 A
and the normal operating current is 0.7 A.

(2) Actuator
Mechanical Electrical
end position end position

Operating range

Electrical
start position

Mechanical
start position

1. Mechanical start position: initial position without power, —4°

2. Electric start position: Fully opened swirl flap, 0°

3. Electric end position: Fully closed swirl flap by electric signal, 90°

4. Mechanical end position: Fully closed swirl flap by mechanical device, 94°

The maximum rotating angle is 98° but the actual operating angle is 90°.

The reason why there are different operating ranges in electrical and mechanical types is to
prevent damage due to external impact and signal by physical or electrical elements.
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Opened swirl valve Closed swirl valve
Y Swirl valve bl

7) Swirl Valve Actuator Learning

(1) Difference Learning

The actuator moves to the mechanical start/end position after moved to the electrical start/end
position first. The learning is performed by using signal values at both mechanical positions. This
difference learning is performed whenever stopping the engine.
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8) Circuit Diagram

D20DTR engine ECU

A14  A69 A90 A91 A62
L\ﬁ
4 5 1 2 3
Connect the measuring probe at terminal A90 and A91
At fully open 0.17v
At fully close 4.83V
9) Operating Wave
Measuring condition Ignition OFF

Measuring Measur!ng probe (+) Al4
Measuring probe (-) A69
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EEIFEE E-VGT CONTROL ACTUATOR

1) Overview

E-VGT (Electric-Variable Geometry Turbine) turbocharger system in D20DTF engine uses the
venturi effect that controls the flow rate of exhaust gas by adjusting the passage in turbine
housing. The newly adopted DC motor actuator (E-actuator) controls the E-VGT system more
precisely and faster. To get the high operating power from turbine, the ECU reduces the exhaust
gas passage In low speed range and increases it in high speed range.

D20DTR(EUS5) ECU

VGT VGT control
! actuator actuator
b e feedback_ = PWM__ __  _ __ __ . _._._._._._.

A81 A88
L BrG
c116 \& Sciis

31 31
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BEEZEE CAMSHAFT POSITION SENSOR

1) Overview

The camshatt position sensor uses hall-effect to set the camshaft position and metallic-agnetic-
material sensor end is attached on the camshaft and then rotates with it. If sensor protrusion
passes camshaft position sensor's semi-conductor wafer, magnetic field changes direction of
electron on the semi-conductor wafer to the current flow direction that passes through wafer from
the right angle. When operation power is supplied from camshatit position sensor, camshatft hall
sensor generates signal voltage. The signal voltage will be 0 V if protrusion and camshaft position
sensor are near and 4.5 V if apart.

ECU can recognize that the No. 1 cylinder is under compression stroke by using this voltage
signal (hall voltage). The rotating speed of camshatt is half of the crankshaift and controls
engine's intake and exhaust valves. By installing sensor on the camshaft, can recognize specific
cylinder's status, compression stroke or exhaust stroke, by using camshaft position when the
piston is moving toward TDC (OT). Especially when started first, it is difficult to calculate the
stroke of a specific cylinder with only crankshatft position sensor.

Accordingly, camshaft position sensor is hecessary to identify the cylinders correctly during initial
starting. However, when engine is started, ECU learns every cylinder of the engine with crankshaft
position sensor signals so can run the engine even though the camshatft position sensor is
defective during engine running.

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

2) Location

Camshatft position sensor

Intake camshaft sprocket

; Intake camshaft hall | &
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3) Circuit Diagram

3 A47 GND

D20DTR
SIG engine

HALL 1 AS0 1 Ref ECU

Camshaft position
sensor

2 A59

Cam clearance 0.2mm~1.8mm
Voltage 0V or 12v~14V
Current 10mA

Differently from magnetic pickup type, the hall sensor type must use the reference voltage. The
internal hall voltage changes the signal voltage according to external electro-magnetic field.

4) Operating Wave

Measuring condition Atidle
Channel #3 Channel #4
Measuring (camshaft position sensor) (crankshaft position sensor)
Measuring probe (+) A59 Measuring probe (+) A60
Measuring probe (-) A47 Measuring probe (-) A20

The synchronization point of crankshaft
position sensor and camshatt position sensor
is at two teeth before the missing tooth. MR
type sensor outputs the signal in the
rectangular wave form.

AR T

s e e e
e s

(1) Analyzing the synchronization

- There are signal gap of two teeth between the end position of camshaft signal and the missing
tooth.
- Determines whether the width of each tooth is constant when checking the crankshaft position

sensor signal.
ENGINE CONTROL Modification basis
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CRANKSHAFT POSITION SENSOR

1) Overview

The crankshaft position sensor consists of the active type MR sensor and the magnetic trigger
ring. The sensor is supplied 5 V of power. When the crankshaft rotates, the magnetic field is
changed. Four internal resistors (MR element) in MR sensor detect the changes of resistance and
converts it to the current value to determine the position/speed of the crankshatt.

The crankshaft position sensor is important signal and used to determine the injection timing and
injection volume by detecting the piston position. The magnetic trigger ring sends total 58 signals.
Each piston position is determined based on long tooth.

2) Location

TURBOC B ENGINE § INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

Crankshaft position sensor

ENGINE CDPF E-EGR B CRUISE B STARTIN @ D20DTR BCHARGINRCOOLINGRLUBRICA
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM ION
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3) Features

1. Wave for MR sensor: Rectangular type wave
2. The magnetic trigger ring has the magnetic field.
3. There is the angle difference of 114" in #1 cylinder at long tooth.

-* Sensar

FANTAANTS AT e

FERRERERE

!’/\ ,J"f-\ / /\
- p \ R R A Description Specification
ie] |

A / \/ \ / \/ i Supply voltage 5V

T Output voltage 4.48V

Air gap 0.6 ~1.4mm

A\ cauTiON
Do not work near the tool or equipment with magnetic field to prevent the magnetic trigger ring
from losing the magnetic field.

ENGINE CONTROL Modification basis
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4) Circuit Diagram

1 AS0 | o
D20DTR

GND engine

3 A9 | o ECU

Crankshaft position
sensor

2 A20

5) Operating Wave

Measuring condition Atidle
Channel #3 Channel #4
Measuring (Camshaft position sensor) (Crankshatft position sensor)
Measuring probe (+) A59 Measuring probe (+) A60
Measuring probe (-) A47 Measuring probe (-) A20

The synchronization point of crankshaft
position sensor and camshaft position sensor
is at two teeth before the missing tooth. MR
type sensor outputs the signal in the

R =

(1) Analyzing the synchronization

- There are signal gap of two teeth between the end position of camshaft signal and the missing
tooth.

- Determines whether the width of each tooth is constant when checking the crankshaft position
sensor signal.

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
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BJEEl ACCELERATOR PEDAL POSITION SENSOR

1) Overview

The accelerator pedal sensor converts the position of the accelerator pedal into an electric signal
and sends this information to the ECU. There are 2 sensors in each accelerator pedal sensor. The
signal from the No. 1 accelerator pedal sensor (ACC 1) is an element used to determine the fuel
injection volume and timing while the signal from the No. 2 accelerator pedal sensor (ACC 2) is
used to check the validity of the signal value from the No. 1 sensor.

When the No. 1 and 2 accelerator pedal sensors are all defective, the ECU stores the output
DTCS, the acceleration response becomes poor, and it becomes hard to increase the engine rpm.

2) Location

Accelerator pedal position
sensor

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis
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3) Features

1. Determines the injection timing and fuel injection volume
ACC1 : Main sensor, determines injection timing and fuel injection volume (5.0 V)
ACC2 : Checks if ACC1lis OK (2.5V)

2. Failure in ACC1 or ACC2

Controls the torque reduction by 50%

3. Failure in ACC1 and ACC2

Changes to limp home mode (1,300 to 1,400 rpm)

Accelerator pedal 1

Accelerator pedal 2

Full resistance of potentiomete

1.2k

1.7k

Maintenance

+ Check the resistance of individual component.
+ Check the resistance changes in individual component

while operating the pedal.

Pedal position

Specified value

Idle 1V £10%
Accelerator pedal 1
When fully depress the pedal 4V £ 10%
Idle 0.5V £ 10%
Accelerator pedal 2
When fully depress the pedal 2V £ 10%

Modification basis

Application basis
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4) Circuit Diagram

| P 5
P2 =
: Rc Rd ! 6
| Rot|| T 1 T
. I
| + _ R22 4
! i

| i

i P 3
; P1 s
! Rd | 4
| R Roe =
I + v 2
: =+
e _i

B14

B13

B29

B26

B25

B24

GND

SIG

REFSV D2ODTF

engine
ECU
GND
SIG
REF 5V

5) Operating Wave

Measuring condition

Accelerating 3 times

Measuring

Channel #3 (P1)

Channel #4 (P2)

Measuring probe (+) A25
Measuring probe (-) A26

Measuring probe (+) A13
Measuring probe (-) A14

- Aol
! i |

{ \L ) W . ] i
NI W psaatniden. | LT T L —

AT ema L e

T3

LT -

No.1 uses 5 V Ref, and No.2 uses 2.5 V Ref.

ENGINE CONTROL
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BEEZFEN INLET METERING VALVE (IMV)
1) Overview

The LP actuator, also called the inlet metering valve, is used to control the rail pressure by
regulating the amount of fuel which is sent to the pumping element of the HP pump.
The actuator has two functions as below:

Fuel temperature at  —s— with out IV 1. It allows the efficiency of the injection
system backleak —— with IMV system to be improved, since the HP pump
o . only compresses the amount of fuel
% 0T necessary to maintain in the rail the level of
§ 50 + pressure required by the system as a
E 23 E —— function of the engine's operating
35+ ",
304 conditions.
25 :
77 80 83 .
Torque (Nm) 2. It allows the temperature to be reduced in
the fuel tank. When the excess fuel is
discharged into the back leak circuit, the
3500rpm|'|:')/|t\)/a ﬁ]:/fv?tcr:out EGR pressure reduction in the fluid (from rail
' —a— without IMV pressure down to atmospheric pressure)
T with MV gives off a large amount of heat. This leads
310 . . .
00 F—m————— to a temperature rise in the fuel entering the
‘; 290 F=—— tank. In order to prevent too high a
< 280 1 - temperature being reached, it is necessary
e Zg to limit the amount of heat generated by the
250 | fuel pressure reduction, by reducing the
” . 80 \ 83 back leak flow. To reduce the back leak
Rl e < Bh0sar flow, itis sufficient to adapt the flow of the
HP pump to the engine's requirements
throughout its operating range.
2) Location

IMV

Modification basis ENGINE CONTROL
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3) Composition of IMV

IMV is located on the front plate of HP pump. It is fed with fuel by the transfer pump via two radial
holes. A cylindrical filter is fitted over the feed orifices of the IMV. This makes it possible to protect
not only the LP actuator, but also all the components of the injection system located downstream
of the IMV.

The IMV consists of the following components:

A piston held in the fully open position by a spring

A piston filter located at inlet

Two O-rings ensuring pressure tightness between the hydraulic head and the body of IMV
- A body provided with two radial inlet holes and an axial outlet hole

- Coll

Transfer pump

Filter

HP

Transfer pump

O-ring

Piston

Solenoid coil

(1) Function

Controls the fuel pressure by regulating the fuel volume to HP pump.

(2) Advantage

Lowers the fuel temperature in return line and improves the injection efficiency.

(3) Not usable as a safety device

If the power is not supplied, the fuel volume decreases when the current for valve opening
increases.

ENGINE CONTROL Modification basis
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(4) Engine delay stop

M fau |:>

warning lamp

delay stop

- If IMV drive is defective during driving (IMV circuit is open)
- Engine CHECK warning lamp ON and changed to limp home mode

( Limp home mode: Driving with minimum torque, engine rpm is restricted by 1,300 to 1,400 rpm)

- Emergency engine stop after 50 seconds

* The engine can be started in 3 seconds after emergency stop, but running in limp home mode

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR BCHARGINJCOOLINGELUBRICA
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM ION



15-126

4) Operating Principle

The LP actuator is used to proportion the amount of fuel sent to the pumping element of the HP
pump in such a way that the pressure measured by the HP sensor is equal to the pressure
demand sent out by the ECU. At each point of operation, it is necessary to have:

Flow introduced into the HP pump = Injected flow + Injector backleak flow + injector control flow.
The IMV is normally open when it is not being supplied with fuel. It cannot therefore be used as a
safety device to shut down the engine if required.

The IMV is controlled by current.

The flow/current law is represented below.

250
200
= 150
= 100
o
L 50
0 t + +
200 400 600 800 1000 1200
Current(mA)
Engine condition Fuel pressure IMV opening
atIdle approx. 250 bar 33~34%
at full load approx. 1600 bar 16.8%
5) Specifications
Piston stroke 1.4mm
Hole diameter 3.4mm
Coil resistance 5.4 Q (at 25C)
Supply power Battery voltage (It is prohibited to supply directly from
battery during diagnostic test)
Maximum current 1A
Weight 260g
Operating temperature 40C<T<125C
Control logic If no power supply, normal opening status
ENGINE CONTROL Nodification basis
ACTYON SPORTS 11 2012.01 Application basis
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6) Circuit Diagram

D20DTR engine ECU

GND
AT7 BAT(+)

INTAKE FUEL ENGINE B ENGINE
EXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL|

N
HARGER

OOLINGHLUBRICATH TURBOC il ENGINE

7) Operating Wave

Measuring condition Accelerating 3 times
; Measuring probe (+) A77
Measurin
9 Measuring probe (-) body ground

ENGINE CDPF E-EGR B CRUISE @ STARTIN @ D20DTR RCHARGINgC
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM
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B2 KNOCK SENSOR

1) Overview

There are 2 knock sensors on the cylinder block (at intake manifold side).

The knock sensor has a piezoelectric element which detects the engine vibration generated from
abnormal combustion and is fixed on the diaphragm,; the diaphragm is fixed on the base section
of the knock sensor. This sensor a) controls stable idle, b) checks the injector for any damage,
and c) turns on the engine warning lamp if any fault is found. Also, it d) adjusts the pilot injection
volume precisely during MDP learning process. The engine ECU corrects the injection timing
according to the MAP values, such as engine rpm, intake air volume and coolant temperature in
the event of failure in the knock sensor.

2) Location

No.1 knock sensor
(sky blue connector)

EN |

No.2 knock sensor
(black connector)

Knock sensor

1. Sensor housing

2. Nut

3. Dish spring

4. Weight

5. Insulation pipe

6. Upper contact plate

[_

6

wo -

7. Piezoelectric element
8. Lower contact plate
9. Body

10.Terminal

11.Resistor

ENGINE CONTROL
ACTYON SPORTS 11 2012.01
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3) Specifications Gl
Insulation resistance at least 1 MQ
Idle frequency 25 kHz E@
Operating temperature -40 to 150°C
26 + 8 mV/g (at 5kHz) £
Output voltage 22 to 37 mV/g (3 to 10 kHz)
22 t0 57 mV/g (10 to 20 kHz)

- Stabilizes the idling

- Turmns ON warning lamp when the injector is defective

- Determines the fuel injection volume for pilot injection during MDP learning

- Adjusts the balance for each cylinder

- When the knock sensor is defective:
ECU determines the injection timing according to MAP value such as engine rpm, intake air
mass and coolant temperature

ENGINE
HARGER EXHAUSTQ SYSTEM

4) Circuit Diagram

COOLINGLUBRICATE TURBOC

D20DTR @CHARGIN
PRE- (€ SYSTEM

D20DTR engine ECU

SIG  GND SIG GND
A31  A30 A32  A33

Shield Shield

""""" ;| [========1
Shield; Shield;

......... 4 | S |

Shield Shield

[ ]o- 0[]0

Knock sensor 1 Knock sensor 2

ENGINE CDPF E-EGR B CRUISE @ STARTIN
CONTRO | SYSTEM [ SYSTEM g CONTRO G
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5) Operating Wave

Measuring condition atidle
Channel #3 Channel #4
Measuring Measuring probe (+) A31 Measuring probe (+) A32
Measuring probe (-) A30 Measuring probe (-) A33

e a\;mm,wwﬂl"‘*“”‘“\_ﬁ."‘“i *’w M‘M NL; W\W..\W: fu'f‘,'l\plmr"\m r“,.’j"“"\"’"f'"’“"""’"““,\.\.m*41 .

| .
w“"‘“1|"-.1~nlu.u\“w.'\e*’r‘“'\‘ ""‘*'j“\qil“""“"" ’l‘*\,’“ﬂ wlls' w{,'ﬁ-‘“”{ﬂ{ﬂwﬁ Jﬂ‘lhlﬁrwlﬁlull\r J ‘“\"‘#\Jlll"f"‘ "'IJ%""M{'.\,“-\‘\’ %3

_E s SR . ;

The knock sensor has a piezoelectric element. It generates very low voltage when there is an
external vibration.
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ECU (D20DTR)

(<) ® @ () ® ©

REMOVAL AND INSTALLATION

3
< T
S
N S
(@))
< O]
S )
—
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2) Engine ECU

1. Connect the diagnostic device to the diagnostic connector. Choose "Vehicle Type" and "Engine
Type" on the main screen, then press the "Diagnosis" button.

2. Choose "Device Check" on the diagnosis menu and check the ECU part number and software
version shown to the right of the screen.

Dia ouble

HAW No e
HAW Version e s il ]
S/W N, UCEXBTI D0 TA.O150A TEDOMESTIC

3. Choose "Variant Coding Check" of the items shown to the right of the diagnosis menu, then
choose "Engine Variant Coding Check" and "Chassis Variant Coding Check" on the screen
which follows.

Cia: 1 Trouble
Co

.
Read Vadant Coding
Wiite Varant Coding
ENGINE CONTROL Modification basis
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4. Record the displayed variant coding information.

» Variant coding for engine

I ic Manu TR, Actyon sports 23 Diesel Englne) JD20DTR n

1 Ciagrostic Trouble
Code

Coding Information

=
LLI
0]
Z5
L
O
Lm
zZ>
Ll
29
W
i
W
S0
o
wn

2.Sensor Data -
3 Actustor -
E-| W=

43derification =] <¥( E
8 ECU Exchangs Engie Ll Contred =] Gsnpor =] =0

S Ky F = Z 5
6 Viinnt Coding -

Coding date: 2012-02-02

Tinisctor CodngiCI0 Disgnostc device S/N Nou: 13 25 52

Blniector Comsetion

@ Rall Pressure Confrol

10.C0FF

11 VN Vhicla

:!.«nri—a‘k-n Humber}
et

12 Miscellaneous

» Variant coding for chassis

I ic Manu TR, Actyon sports 23 Diesel Englne) JD20DTR n

|

|

i
CHARGINE COOLINGLUBRICATHE TURBOC i ENGINE
(€ SYSTEM ION HARGER gEXHAUST]

L Bisarose Trouse Cadineg Information
2.Sensor Data Dt Experl Poves B i I )
EPB agclication | I = Tolamadts 15 =l
3 Actustor P g E I - x
4 idenification Elechic power sheinglEPS) ]. — ‘_-_ TPMS spplication 1] _-_J E LIIJ
EECU Exchange Tranhor case ]. ¥ =] Tranumission troe f =l o %
Sedan/Limousise T =l \ehicls codedpladiarm) f =] 8
£y ik Codkin Vebice codnEngine) | T Eucemgues | 3
Tinigctor Coding{CH
sl 2 Coding date: 2012-02-02 Z
Binjector Commction Diagnostic device S E
@ Fall Pressure Controt |<_(
10.COFF (%))
11 VINVishicle
H!I"?'ra‘}rn MNumber} w O
12 Miscellenecus CL) E
22z
o]
e —
=
L
o
>_
0

ENGINE CDPF E-EGR
CONTRO grSYSITEM
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5. Choose the item "Replace ECU" on the diagnosis menu.

W— Actyor spods 25 3 [esel Enine) > DADTR “

When repiacir
of curramt
2.Sensor Data with one of ECL

1 Diagnost Trouble
Code

3 Actustor Ctherwise, the ECL shoud be
reprogrammed
4 Mderification
5,ECU Exchangs
E Madartt Coding
Tinigctor Coding{C30
8liniector Comaction
9 Fail Pressure Cortrol
0.LOPF

1 VINC Vil
fication Mumber)

6. Follow the instructions on the screen to remove the ECU.

W— Actyon spofs 23> Dkesel Engine SD20DTR “

Flease replace the ECL with
the Kniton switch OFF

1 Diagnost Trouble
Code

2.Sensor Data

3 Actustor .
re must be started from the beginning again.)

4 1denificatic
e f replacement has been completed, Turm the ignition

5,ECU Exchangs

E Variar Coding

Tinigctor Coding{C30

Blniector Comsetion

9 Fail Pressure Controt
10.C0FF

1 VINC Vil
fication Mumber)
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7. Disconnect the negative cable from the
battery. Fold up the floor mat in front
passenger side and unscrew two nuts (10
mm) from the protect cover.

8. Remove the protect cover.

9. Disconnect the ECU connector A and B.

10.Unscrew two nuts (10 mm) from the ECU.
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11.Remove the ECU.
12.Install the ECU in the reverse ordr of removal.

13.Replace the engine ECU and press the "Next" button on the bottom of the screen below.

[<] Bagnostic Menu

ENGINE CONTROL Modification basis
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14.Select the multi-calibration for the vehicle to be operated.

P oatic Meanu EEmER: Actvon swos 25 Diesel Engine) SDADTH n
e o L —
Lode

1] Expett AT

2] Domestic AT

3] Expott M/T

4] Domestic MT

] LowHorsePowes AT
&] LowHorsePower W/T

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

& Varkar Coding
Sedect Mubl Calibration

Tinigctor Coding{C30

INTAKE

=
o
2
N

Double click on the system for the vehicke tvpe

Blniector Comsetion

@ Rall Pressure Confrol

10.C0FF
11 VN Vhicla
|dentification Number)
It

12 Miscellaneous

LUBRICAT TURBOC @ ENGINE
ION HARGER gEXHAUST]

©)
Z
|
(@)
Q
O
Z
15.Turn the ignition switch to the "OFF" and "ON" positions, then press "Next" as instructed on the 80
<
I
screen. )
P oatic Meanu EEmER: Actvon swos 25 Diesel Engine) SDADTH n o
_ Ll
= ::allbﬂ;k T Calibration has been aready cone, 8%
Turm the lgrition key OFF, then ON again (@)
Recording other fems - click [Mext] button!
Z
Z
l_
E Varartt Coding 7p]
Tinigctor Coding{C30
Binjector Commction I(-IDJ 8
25
2 Fail Pressure Cortrol o
10.C0FF OO
11 VN Vishilcls
:ﬁ':r’r!‘kn Humber} 2
12 Miscellenecus L
o
S Z

ENGINE CDPF E-EGR
CONTRO grSYSITEM
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16.1f the following screen is displayed, press the "OK" button.

1 Ciagrostic Trouble
Code

Foliowing Rems had been recorded
2.Sensor Data = Mult caibration vaiue

- VN
3 Actustor

4 Mderification

5,ECU Exchangs

E Variar Coding
Tinigctor Coding{C30
Binjector Commction

9 Fail Pressure Cortrol
10.COFF

11 VN Wshilcla

|dentification Number)
ot

12 Mescelloneous

17.Turn the ignition switch to the "OFF" position, then press "Next" as instructed on the screen.

- w. Actyon spors 23 > Dkesel Engine) ) DEXDTR n
§anost bl

The ignition key must be switched OFF

5,ECU Exchangs
& Varkar Coding

Tinigctor Coding{C30

B niector Comsction

9 Fail Pressure Controt

10.COFF

11 VN Wshilcla
|dentification Number)
ot

12 Mescelloneous
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18.Wait for 15 seconds as instructed on the screen.

R Actyon spods 253 [kesel Engine) SD2DTR

[+] Plagnostic Menu

1 Ciagrostic Trouble
Code

Flease wait for 15 seconds.
2.5ensor Diata Femaining tme: 14 sec
3 Actustor

43derification

5,ECU Exchangs

E Varartt Coding

Tinigctor Coding{C30

Slniector Cormetion

@ Rall Pressure Confrol

10.COFF

11, VINVahicls

|dantification Number)
Inoet

12 Miscellaneous

19.Turn the ignition switch to the "ON" position, then press "Next" as instructed on the screen.

R Actyon spods 253 [kesel Engine) SD2DTR

[+] Plagnostic Menu

1 Diagnostc Trouble =
I:-'.\;e ' 15 seconds have been passad

2 Sensor Data Turm the lgrition key ON.
* Actustor

43derification

5,ECU Exchangs

B Varartt Coding

Tinigctor Coding{C30

Blniector Comsetion

@ Rall Pressure Confrol

10.COPF

11, VINVahicls
|dantification Number)
et

12 Miscellaneous
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20.1f the following screen is displayed, press the "Next" button.

[+] Blagnostic Menu GEERR  Actvon soots 253 Diesel Enghne) JOXDTR

Replacement of ECLI has been finished
For the vehicle with he
mmo immobilizer must be coded
I i ode

5,ECU Exchangs

E Variamn Coding

Tinigctor Coding{C30

Blnjector Coemction

Ea— s

21.Go to the screen "Variant Coding" and check what is shown in the display to check if the

replaced ECU is coded successfully.

(Check that it is identical with the variant coding, which is recorded before replacing the engine

ECU.)

» Variant coding for engine

Cading Information

Addiend Heans ] =] Ghrw-ohug I
Garbon I = W I
Irvnobilizar | | Vehicls speed sanaet [
AN f =] Crutve Coseol [
Engee Lowel Coond [ =1 Grsenor I
SKM Ky | |
& Variant Coding e
Coding dale: 2012 =02
Tinigctor Coding{CX) imgnostc device /M Ko 5
Blniector Cormetion
9 Fail Pressure Cortrol
10.C0FF
11 VINCVzhilcls
:!-.’ ation Mumber)
rune
E——e

{iCH || K || I | [

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

Modification basis

Application basis

Affected VIN
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» Variant coding for chassis

ST Actyon spods 235 Diesel Engine) YDADTR

[+] Plagnostic Menu

EDiasnost: Trouske Cading Information

2.Sensor Data Dt Experl Poves B i I =
EPD agolicalion y = Tolamadts F =l

ol ShiR leves bype - =] ™ e |

4 idenification Elechic power sheinglEPS) T — ‘_-_ TPMS upglication _-_J

BECU Exchange Translor case Frid =] Transmission trpe =]
Setw/limeuoe [0 <] | Vehic codeqpiator) | =

£y ik Codkin aticle coduEngina) | | ECUcangums | =

Tinigctor CodinglC30

Codng date: 2012-02-02
& lniector Cometion Diagnostic device S/N No.: 18 25 52

@ Rall Pressure Confrol

10.COPF

11 VN Wshilcla
|dantification Number)
Innit

12 Miscelloneous

22.Return to the main screen and enter into the item "Immobilizer" under "System".

Dizsel Enaine
T
TCCU

Actyen sports 2

Musso

Musso spots
Korando{OLD)
Generic Function

Modification basis

Application basis

Affected VIN
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NCTYON]|
SPOITS

23.Go into "EMS Registration” on the right of the diagnosis menu, enter the password - default

value "0000" - and press the "Next" button.

ord. and then Chick "Mext’ button.

24.Turn the ignition switch to the "OFF" position as instructed on the screen.

s Actyon spots(i)) dimmoblilzes> > Diessl Engine

ECU registration compliete!

Be sure 1o turn igniion key off, then press [OK] key

[0)

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

Modification basis

Application basis

Affected VIN
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25.Wait for 15 seconds as instructed on the screen.

W. fctyon sports(i)) immoblizers ) Diasel Engine

| Kznification < ¢ Wait for 15 sec, »3

2 Transponder
Registasion

Remaining Time: 11 sec
3.EMS Aeglsttion

FUEL ENGINE B ENGINE
SYSTEM RJASSEMBLEGENERA

INTAKE

=
o
2
N

26.0nce the EMS registration is completed, press the "OK" button to exit the program.

. Actyon spoets(i)} Hmmabilizers ) Diesal Engine “

ECU reqistration complete!

CHARGINE COOLINGLUBRICATHE TURBOC i ENGINE
(€ SYSTEM ION HARGER gEXHAUST]

I engine not s

= t , register key agan
after chacking

M.

PRE-

RUISE B STARTIN @ D20DTR

ENGINE CDPF EEGR § C
CONTRO | SYSTEM [ SYSTEM g CONTRO

27.Clear the DTC(s) for relevant units including engine ECU and check for any abnormality.

Modification basis ENGINE CONTROL
Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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EEEZ2ZEN INJECTOR

HEe=lehWeidl - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

1. Disconnect the connectors (A, B, C, D)
and set the wiring aside.

(A) HFM sensor connector

(B) VGT connector

(C) Oxygen sensor connector

(D) Front temperature sensor connector

2. Remove the fuel return tube assembly.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN




SOOI 7-S 1882-09 RIS

ENGINE

Z

Ll

O

22

3. Remove the fuel pipe assembly (A). 9:"3
e

Tightening torque K10)\y} ;
7

7

A\ cauTiON

- Replace the fuel pipe assembly with new
one.

- Seal the inlets of fuel rail and injector with
the sealing caps.

ENGINE B INTAKE FUEL
HARGER EXHAUSTQ SYSTEM

OOLINGHLUBRICAT TURBOC

ENGINE CDPF E-EGR B CRUISE @ STARTIN @ D20DTR RCHARGINEC!
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM

N

. nnect four connectors (A) from the injector
assembly.

5. Unscrew two bolts (A, E12) from the injector
clamp.

ICLEIPTEET9 + 1.0Nm(130° +10° )

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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» How to assemble the injector remover for Euro-V

1. Temporarily assemble the main bars (A) and
cross bar (B) with the bar holders (C).

2. Assemble the main supports (D) and cross
bar (B) and temporarily tighten the bolts (E)

3. Install the sub supports (F) at the main
supports.

1. Set up the injector holder (A, B) and main
bolt (C).

2. Secure the injector holder by inserting the
injector holder cover on the main bolt.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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» How to remove the injector for Euro-V

1. Set up the injector remover assembly on
four cylinder head bolts and completely
tighten the support mounting bolts (A) and
the bar holder bolts (B).

A\ cauTioN

- Pay attention not to damage the other
components when installing the main bar
assembly.

- The sub supports should be positioned
on the cylinder head cover bolts.

ENGINE B INTAKE FUEL ENGINE B ENGINE
HARGER JEXHAUST] SYSTEM j§ SYSTEM JASSEMBLEGENERAL

SYSTEM

NJCOOLINGELUBRICATR TURBOC

ENGINE CDPF E-EGR B CRUISE B STARTIN § D20DTR @CHARGI
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€

2. Install the main bolt holder.

3. Install the ball bearing (A) and the main nut
(B) on the main bolt.

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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4. Slowly release the injector by turning it
clockwise with a torque wrench and socket
(32 mm).

Tightening torque [l [1}

A\ cAuTION

To avoid any damage to cylinder head and
head cover, keep the specified tightening
torque.

5. Release the other injector on same clamp
with same manner, and remove two
injectors with the clamp.

A\ cAUTION

To avoid the damage to injector and
engine, the maximum lift should be below
15 mm.

6. Install the injector in the reverse order of
removal.

g

ENGINE CONTROL
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Modification basis

Application basis
Affected VIN
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STPOI]JT-S
Checking C3I code when installing the injector
C3l [Improved Individual Injector Calibration]
C3l code Totally 20‘digits
(use Arabian numbers (1~9) and Alphabet except |, O, Q, V)
MDP learning When idling and driving
Numbers of nozzle Eight

C3l code on injector

B 17 ISR

LU
TIETT
EEY 10900 WA

END N0 AT YSANGISAO
R

(A) on injector

(B) on cylinder head cover

.
R T

ENG NO:00000000000000
1. 12345678901234567890

2. 12345678901234567890
3. 12345678901234567890

ENG NO:00000000000000
4. 12345678901234567890

C3l code
marked on the
upper side of
injector

Engine serial number and C3lI
code for each injector on two
labels in cylinder head cover

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL
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REEEEEE HFM (HOT FILM AIR-MASS) SENSOR

HEelehWeidl - Disconnect the negative cable from the battery.

2. Release the spring clamp (7 mm) on the air
cleaner hose and set it aside.

Tightening torque I/ K I Re 1\ [}

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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—SPOI7-S

15-15

3. Unscrew two bolts 910 mm) from the HFM
sensor.

| I 7.8 ~ 11.8Nm

4. Remove the HFM sensor.

A\ cauTioN
Replace the O-ring with new one.

5. Install the HFM sensor in the reverse order
of removal.

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTQ SYSTEM | SYSTEM JASSEMBLEGENERA

D20DTR CHARGINECOOLINGLUBRICA
PRE- (€ SYSTEM ION

ENGINE CDPF E-EGR B CRUISE @ STARTIN
CONTRO | SYSTEM [ SYSTEM g CONTRO G
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ACTYON
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BLEZZgE T-MAP (TEMPERATURE-MANIFOLD AIR

PRESSURE) SENSOR

Vel - Disconnect the negative cable from the battery.

- Remove the engine acoustic cover.

1. Disconnect the T-MAP sensor connector.

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

Modification basis

Application basis

Affected VIN
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16-153

2. Unscrew the bolt (10 mm) from the T-MAP
Sensor.

Tightening torque j [0 J= = W)\ ]

3. Remove the T-MAP sensor.

4. Install the T-MAP sensor in the reverse
order of removal.

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
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FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL
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BEEZZTE COOLANT TEMPERATURE SENSOR

el - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

- Draing the coolant.

Coolant temperature sensor

1. Disconnect the fuel return tube (A) and
the fuel supply tube (B).

to fuel pump (green)
R .

to fuel filter (black)

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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25

O]

. e

2. Disconnect the coolant temperature sensor on
connector. W

D

&

3. Turn the coolant temperature sensor to
arrow direction with a spanner (32 mm).

Tightening torque K{0[\[}]

ENGINE B INTAKE FUEL
HARGER EXHAUSTQ SYSTEM

OOLINGHLUBRICAT TURBOC

ENGINE CDPF E-EGR B CRUISE @ STARTIN @ D20DTR RCHARGINEC!
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM

4. Remove the coolant temperature sensor.

5 5. Install the coolant temperature sensor in
the reverse order of removal.

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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BZEZXEE WIDE BAND OXYGEN SENSOR

ey - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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2. Turn the oxygen sensor to arrow direction
with a spanner (19 mm).

Tightening CIGIEI50 ~ 60Nm

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

AUSTR SYSTEM

ﬂ

3. Remove the oxygen sensor.

HARGER

COOLINGLUBRICATE TURBOC B ENGINE

SYSTEM

ARGIN
G

4 4. Install the oxygen sensor in the reverse
order of removal.

D20DTR §CH
PRE-

ENGINE CDPF E-EGR B CRUISE @ STARTIN
CONTRO | SYSTEM [ SYSTEM g CONTRO G

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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IELEZZYE DIFFERENTIAL PRESSURE SENSOR

Mo eheoidl - Disconnect the negative cable from the battery.

1. Disconnect the connector (A) and the
inlet/outlet hoses (B) from the differential
pressure sensor.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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165-159

2. Unscrew the nut (10 mm) from the
differential pressure sensor.

Tightening torque j [0 1= = lo/\[)|]

3. Install the differential pressure sensor in the
reverse order of removal.

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
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ENGINE

ENGINE
SYSTEM QJASSEMBLEGENERAL

TURBOC @ ENGINE l INTAKE FUEL
HARGER EXHAUSTQ SYSTEM
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IEEZENA EGT (EXHAUST GAS TEMPERATURE) SENSOR

Mo eheoidl - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

Rear EGT sensor

1) Front EGT sensor

1. Disconnect the front EGT sensor
connector.
ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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15-161

2. Turn the front EGT sensor to arrow
direction with a spanner (17 mm).

GG IMERGTGTEY 40 = 5.0Nm

3. Remove the front EGT sensor.

4. Install the front EGT sensor in the reverse
order of removal.

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
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2) Rear EGT sensor

1. Disconnect the rear EGT sensor connector
(B) and turn the rear EGT sensor to arrow
direction with a spanner (17 mm).

Tightening torque [it{¢ l= SN0\ [

2. Remove the rear EGT sensor.

3 3. Install the rear EGT sensor in the reverse
order of removal.

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis

Affected VIN
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E-EGR (ELECTRIC-EXHAUST GAS
RECIRCULATION) VALVE ASSEMBLY

HEEGelid - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.
- Drain the coolant.

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

1. Remove the fuel filter assembly.
(Refer to Chapter "Fuel System".)

2. Remove the EGR cooler assembly.
(Refer to Chapter "E-EGR Assembly".)

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR BCHARGINJCOOLINGELUBRICA
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM ION

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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3. Disconnect the E-EGR valve connector (A)
and hose (B).

4. Unscrew three bolts (13 mm) from the E-
EGR valve assembly.

Tightening torque P4 3= S\ (11

5. Remove the E-EGR valve assembly.

6. Install the E-EGR valve assembly in
the reverse order of removal.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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WEEAFEIN ELECTRIC THROTTLE BODY

el elid - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

'ﬁ ™ —
\ ". ;_\“;

Electric throttle body

1. Release the spring clamp (A, 7mm) on
the intercooler hose and disconnect the
connector from the electric throttle body.

I ) 6.0 ~ 7.0Nm

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN

FUEL ENGINE B ENGINE
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2. Unscrew three bolts (10 mm) from the
electric throttle body.

Tightening torque j [0 J5= = lo/\[)|]

3. Remove the electric throttle body.

4 4. Install the electric throttle body in the
reverse order of removal

9

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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E-EGR BYPASS SOLENOID VALVE
- Disconnect the negative cable from the battery.

- Remove the engine acoustic cover.

1. Disconnect two vacuum hoses (A) and
the connector (B) from the E-EGR
bypass solenoid valve.

2. Pull the lock key to direction (A), push it
direction (B).

Modification basis

ENGINE CONTROL

Application basis

ACTYON SPORTS 11 2012.01

Affected VIN
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ACTYVON

STPOITS

3. Remove the E-EGR bypass solenoid valve.

4. Install the E-EGR bypass solenoid valve in
the reverse order of removal.

ENGINE CONTROL
ACTYON SPORTS 11 2012.01

Modification basis

Application basis

Affected VIN
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BEEZEEE VARIABLE SWIRL ACTUATOR

el - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

EXHAUSTR SYSTEM

HARGER

OOLINGHLUBRICAT TURBOC Bl ENGINE

1. Disconnect the variable swirl actuator
connector.

ENGINE CDPF E-EGR B CRUISE @ STARTIN @ D20DTR RCHARGINEC!
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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2. Unscrew three bolts (10 mm) from the
variable swirl actuator.

Tightening torque j [0 J= =3 W)\ ]

A\ cauTion
Make sure keep the spacer (A) in a safe
place.

3. Separate the link to arrow direction.

4. Remove the variable swirl actuator.

5. Install the variable swirl actuator in the
reverse order of removal.

ENGINE CONTROL
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Modification basis

Application basis

Affected VIN
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IELEZEEN CAMSHAFT POSITION SENSOR

Heseeleid - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

ENGINE B INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

SYSTEM

N COOLINGELUBRICATR TURBOC

ENGINE CDPF E-EGR B CRUISE B STARTIN § D20DTR @CHARGI
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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2. Unscrew the bolt (10 mm) from the
camshaft position sensor.

Tightening torque § P-3= S\ |}

3. Remove the camshatft position sensor.

4 4. Install the camshaft position sensor in the
reverse order of removal.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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EEPIER CRANKSHAFT POSITION SENSOR

el - Disconnect the negative cable from the battery.
- - Remove the transmission.

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

EM

AKE

ENGINE B INT/
HARGER EXHAUSTQ SYST

COOLINGLUBRICATE TURBOC

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR @CHARGIN
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM

1. Remove the drive plate assembly.

g

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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2. Disconnect the crankshaft position sensor
connector.

3. Unscrew the hexagon bolt (4 mm) from the
crankshaft position sensor.

O ERGTCTTEI 10 = 1.0Nm

4. Remove the crankshaft position sensor.

5 5. Install the crankshaft position sensor in the
reverse order of removal.

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis

Affected VIN
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BZU[EEN ACCELERATOR PEDAL POSITION MODULE

ool - Disconnect the negative cable from the battery.

/

Accelerator pedal position
module

1. Disconnect the accelerator pedal position

module connector.

Modification basis

Application basis

Affected VIN
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2. Unscrew two bolts (A, 10 mm) and the nut
(B, 10 mm) from the accelerator pedal
position module.

I EEIERTd (A), (B) 10  1.0Nm

3. Remove the accelerator pedal position
module.

4. Install the accelerator pedal position
module in the reverse order of removal.

ENGINE CONTROL Modification basis
ACTYON SPORTS 11 2012.01 Application basis
Affected VIN
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IEEEZEE 1MV (INLET METERING VALVE)

el - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.

FUEL ENGINE B ENGINE
SYSTEM QJASSEMBLEGENERAL

EM

AKE

ENGINE B INT/
HARGER QEXHAUSTQ SYST

COOLINGLUBRICATE TURBOC

1. Disconnect the fuel return tube (A) and the
fuel supply tube (B).

to fuel pump (green)
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to fuel filter (black)

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR @CHARGIN
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM
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2. Disconnect the IMV connector.

3. Unscrew two bolts (T25) from the IMV.

4. Remove the IMV.

5. Install the IMV in the reverse order of
removal.

ENGINE CONTROL
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BEEREE KNOCK SENSOR

FECEGeleid - Disconnect the negative cable from the battery.
- Remove the engine acoustic cover.
- Drain the coolant.

Connector (Black)
it
e

onnector (Sky blue) 3

TURBOC @ ENGINE l INTAKE FUEL ENGINE B ENGINE
HARGER QEXHAUSTR SYSTEM j§ SYSTEM JASSEMBLEGENERAL

1. Remove the EGR cooler assembly.
(Refer to Chapter "E-EGR System".)

ENGINE CDPF E-EGR B CRUISE @ STARTIN § D20DTR BCHARGINJCOOLINGELUBRICA
CONTRO | SYSTEM [ SYSTEM g CONTRO (€ PRE- (€ SYSTEM ION

Modification basis ENGINE CONTROL

Application basis ACTYON SPORTS 11 2012.01
Affected VIN
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2. Remove the oil cooler assembly.
(Refer to Chapter "Lubrication System".)

3. Disconnect the No.1 connector (A) and the
No.2 connector (B) from the knock sensors.

4. Unscrew the bolts (13 mm) from each
knock sensor.

O IERGTCITEI 20 = 5.0Nm

5. Remove the knock sensors.

ENGINE CONTROL Modification basis

ACTYON SPORTS 11 2012.01 Application basis

Affected VIN
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6. Install the knock sensors in the reverse
order of removal.

Modification basis

Application basis

Affected VIN

ENGINE CONTROL
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