SERVICE
MANUAL (vol. 1 of 2)

KYTROIN

FOREWORD

This manual includes procedure for maintenance,
adjustment, service operation and removal and
installation of components.

All information, illustrations and specifications
contained in this manual are based on the latest
product information available at the time of manual
approval.

The right is reserved to make changes at any time
without notice.

«,» SsangYong Motor CO., LTD.
PYUNGTAEK, KOREA
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DIMENSIONS

GENERAL

Unit: mm

Top View

*( ) :Optional
CHANGED BY GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09

AFFECTED VIN
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SPECIFICATIONS
Descriptions D20DT D27DT
General Overall length (mm) 4,660 4,660
Overall width (mm) 1,880 1,880
Overall height (mm) 1,740 (1,755: with roof rack) | 1,740 (1,755: with roof rack)
Gross vehicle weight (kg) AT 2,530 2,530
MT 2,530 2,530
Curb vehicle weight (kg) AT 2WD: 1,920 / 4WD: 2,028 4WD: 2,071
MT 2WD: 1,893 / 4WD: 2,001 4WD: 2,030
Fuel Diesel Diesel
Fuel tank capacity ( £) 75 75
Engine Engine name D20DT D27DT
Numbers of cylinders/Compression ratio 4/17.5:1 5/18:1
Total displacement (cc) 1,998 2,696
Camshaft arrangementMax. power DOHC DOHC
Max. power AT 141 ps / 4,000 rpm 165 ps / 4,000 rpm
MT 141 ps / 4,000 rpm 165 ps / 4,000 rpm
Max. torque AT 310 Nm /1,800 ~ 2,750 rom | 340 Nm /1,800 ~ 3,250 rpm
MT 310 Nm /1,800 ~ 2,750 rom | 340 Nm /1,800 ~ 3,250 rpm
Idle speed 750 = 20 rpm 750 + 20 rpm
Cooling system Water- cooled / forced circulation | Water- cooled / forced circulation
Coolant capacity (£ ) 11.5 11.5
Lubrication type Gear pump, forced circulation | Gear pump, forced circulation
Max. oil capacity ( £) 8.2 9.2
Turbocharger and cooling type Turbocharger, air-cooled Turbocharger, air-cooled
Manual Operating type Semi- Remote control, Semi- Remote control,

Transmission

floor change type

floor change type

Gear ratio 1st 4.315 4.315
2nd 2.475 2.475
3rd 1.536 1.536
4th 1.000 1.000
5th 0.807 0.807
Reverse 3.919 3.919
Automatic Model Electronic, 5-speed Electronic, 5-speed

Transmission

Operating type

Floor change type

Floor change type

* () Optional

GENERAL INFORMATION
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Descriptions D20DT D27DT
Automatic Gear ratio 1st 3.951 3.595
Transmission 2nd 2.423 2.186
3rd 1.486 1.405
4th 1.000 1.000
5th 0.833 0.831
Reverse 1st 3.147 3.167
Reverse 2nd 1.930 1.926
Transfer Case | Model Part-time Part-time
Type Planetary gear type Planetary gear type
Gear ratio High (4H) 1.000 : 1 1.000 : 1
Low (4L) 2.483: 1 2.483: 1
Clutch (M/T) | Operating type Hydraulic type Hydraulic type
Disc type Dry single diaphragm type Dry single diaphragm type
Power Type Rack and pinion Rack and pinion
Steering Steering angle Inner 36.2° 36.2°
Outer 32.4° 32.4°
Front Axle Drive shaft type Ball joint type Ball joint type
Axle housing type Build-up type Build-up type
Gear ratio M/T 4.27 3.91
AT 3.54 3.31
Rear Axle Drive shaft type 5-Link type Semi-floating type Semi-floating type
Independent type Independent type Independent type
Axle housing type Build-up type Build-up type
Gear ratio M/T 4.27 3.91
AT 3.54 3.31
Brake Master cylinder type Tandem type Tandem type
Booster type Vacuum assisted booster type | Vacuum assisted booster type
Brake type Front wheels Disc type Disc type
Rear wheels Drum (disc) Drum (disc)
Parking brake Cable type (internal expansion) | Cable type (internal expansion)

Suspension Front suspension Wishbone + coil spring Wishbone + coil spring

Rear suspension | Solid axle suspension 5-link + coil spring 5-link + coil spring

Air Conditioner | Refrigerant (capacity) R-134a (650 + 30g) R-134a (650 + 30g)

Electrical Battery type / Capacity (V-AH) MF/12-90 MF/12-90
Starter capacity (V-kW) 12-22 12-2.2

Alternator capacity (V-A)

With PTC: 12 - 140
(With FFH: 12 - 115)

With PTC: 12 - 140
(With FFH: 12 - 115)

CHANGED BY

EFFECTIVE DATE
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VEHICLE IDENTIFICATION

Chassis Number Certification Label

The chassis number is stamped on the frame The certification label is located on the driver's
behind the front right tire. door sill.

Engine Number (D20DT) Engine Number (D27DT)

The engine number is stamped on the lower
area of cylinder block in the intake manifold
side.

GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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GENERAL

1. Vehicle Identification Number

Vehicle identification number (VIN) is is on the right
front axle upper frame.

[KPTSO0A1KS5P 122357]

K.. Nation (K: Korea)

P .. Maker Identification (P: Ssangyong Motor Company)
T .. Vehicle Type (T: Passenger car - 4WD)

S .. Line Models (S: Kyron)

0 .. Body Type (0: 5-door)

A.. Trim Level (A: Standard, B: Deluxe,

C: Super deluxe)
1 .. Restraint System  (0: No seatbelts, 1: 3-point
seatbelts, 2: 2-point seatbelt)
K.. Engine Type (9: 3199cc, In-line 6 cylinders, Gasoline E32)

(K: 1998cc - common rail direct injection (D20DT),
F: 2696cc - common rail direct injection (D27DT))

S .. Check Digit (S: All area except North America)
5 .. Model Year (3: 2003, 4: 2004, 5: 2005)

P .. Plant Code (P: Pyungtaek plant)

122357 (Production serial number)

2. Certification Label

The certification label is affixed on the bottom of driver’s
side B-pillar.

. /
il

CHANGED BY GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09
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3. Engine Serial Number

The engine serial number is stamped on the lower area of cylinder block in intake manifold side.

D27DT

4. Manual Transmission Number

The transmission label is affixed on the upper area of
clutch housing.

5. Automatic Transmission Number

The transmisson label is affixed on the right area of trans-
mission housing.

6. Transfer Case Number

The transfer case label is affixed on the transfer case
housing.

GENERAL INFORMATION
KYRON SM - 2005.09
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MAINTENANCE SCHEDULE

GENERAL

» General .
* Use only approved Ssangyong genuine parts.
Descriptions c?,aélé’k ngzlélky Service Interval
Engine Oil and Oil Filter o Initial change: 5,000 km, change every 10,000 km or 12 months
- (But, shorten the service interval under severe conditions)
Coolant o Change every 60,000 km or 3 years. And, inspect and replen-
ish as necessary.
Additional Water Separator: _ 3 Inspect 10,000 km, change every 150,000 km or 5 years
A.W.S.
Brake / Clutch Fluid O - Change every 2 years (Inspect frequently)
Brake Pipes and Hoses Initial check: 1,000 km, periodic check: every 20,000 km or 1
h year, replace as necessary.
Brake Pad, Shoe, and Disc _ Periodic check: every 10,000 km, adjust or replace as
necessary.
Air Cleaner Element Initial clean: 5,000 km, clean every 10,000 km, replace every
- O 30,000 km (But, shorten the service interval under severe

conditions)

Fuel Filter

Replace every 25,000 km (Draining water from fuel filter:
every 10,000 km)

Automatic Transmission
Fluid

Inspect every 10,000 km or 6 months (But change every
60,000 km under severe conditions)

Manual Transmission Fluid

Inspect 10,000 km, change every 60,000 km (Frequent check
of oil leak)

Transfer Case Fluid

Inspect 10,000 km, change every 60,000 km (Frequent check
of oil leak)

Axle Qil Front

Inspect frequently, change every 30,000 km

Rear

Inspect frequently, change every 30,000 km

Air Conditioner Filter

Change every 10,000 km (But, shorten the service interval
under severe conditions)

Severe Conditions in Engine

1. Frequent stop-and-go traffic, extended idling, short driv-
ing distance below 6 km, driving distance below 16 km
when the outside temperature remains below freezing

Severe Conditions in Automatic Transmission and Axle
1. Towing a trailer or off-road driving

2. Taxi, patrol service or delivery service (extended idling
and excessive driving with low speed)

2. Driving in hilly or mountainous terrain, sandy or dusty

area

3. High load driving such as trailer towing

Severe Conditions in Air Conditioner Filter

1. Pollutant area or off-road driving, extended air condi-
tioner or heater operation

Sever Conditions in Air Cleaner Element
1. Pollutant area or off-road driving

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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» EU ONLY _
* Use only approved Ssangyong genuine parts.
Descriptions C[:Ia;gk ng‘ee'f:',! Service Interval
Engine Oil and Oil Filter o 3 Change every 15,000 km or 12 months (But, shorten the
service interval under severe conditions)
Coolant Change every 60,000 km or 3 years. And, inspect and
o - replenish as necessary.
Brake / Clutch Fluid (@) - Change every 2 years (Inspect frequently)

Brake Pipes and Hoses

Periodic check: every 15,000 km or 1 year, replace as
necessary.

Brake Pad, Shoe, and Disc

Periodic check: every 15,000 km, adjust or replace as
necessary.

Air Cleaner Element

Clean every 15,000 km, replace every 30,000 km
(But, shorten the service interval under severe conditions)

Fuel Filter

Replace every 30,000 km (Draining water from fuel filter:
every 10,000 km)

Automatic Transmission
Fluid

Inspect every 15,000 km or 12 months (But change every
60,000 km under severe conditions)

Manual Transmission Fluid

Inspect 15,000 km, change every 60,000 km (Frequent check
of oil leak)

Transfer Case Fluid

Inspect 15,000 km, change every 60,000 km (Frequent check
of oil leak)

Axle Oil Front

Inspect frequently, change every 30,000 km

Rear

Inspect frequently, change every 30,000 km

Air Conditioner Filter

Change every 10,000 km (But, shorten the service interval
under severe conditions)

Severe Conditions in Engine

1. Frequent stop-and-go traffic, extended idling, short driv-
ing distance below 6 km, driving distance below 16 km

Severe Conditions in Air Conditioner Filter

1. Pollutant area or off-road driving, extended air condi-
tioner or heater operation

when the outside temperature remains below freezing

area
3.

Severe Conditions in Automatic Transmission and Axle

High load driving such as trailer towing

1. Towing a trailer or off-road driving

2. Taxi, patrol service or delivery service (extended idling
and excessive driving with low speed)

. Driving in a hilly or mountainous terrain, sandy, or dusty

Sever Conditions in Air Cleaner Element
1. Pollutant area or off-road driving

* EU Countries

1. Only countries that belong to EU. (It does not apply to
all countries in EU.)

GENERAL INFORMATION
KYRON SM - 2005.09
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RECOMMENDED FLUIDS AND LUBRICANTS

GENERAL

Capacity
Descriptions D20DT D27DT Specifications
Engine Oil R P Ssangyong genuine engine oil
(Approved by MB Sheet 229.1 or 229.3)
Engine Coolant =11.5/ = 11.5/ Ssangyong genuine coolant
Automatic Transmission Fluid = 8.0/ = 8.0/ Shell AFT 3353 or Fuchs AFT 3353
Manual Transmission Fluid 4WD: = 3.6/ | 4WD: = 3.6/ | Ssangyong genuine oil (ATF DEXRON II)
2WD: = 3.4/
Transfer Case Fluid =1.3/ =1.3¢ Ssangyong genuine oil (ATF DEXRON I11)
Axle Oil | Front | Automatic -~ 14y —14-157 Ssangyong genuine oil
Transmission (APl GL-5 or SAE 80W/90)
Manual =141 =147
Transmission
Rear | Solid Axle — 191 Py Ssangyong genuine oil
Suspension (APl GL-5 or SAE 80W/90)
Brake/Clutch Fluid As required As required | Ssangyong genuine oil (DOT4)
Power Steering Fluid = 1.0/ =1.0/ Ssangyong genuine oil (ATF DEXRON I11)

Al NoTIcE

e Use only Ssangyong recommended fluids and lubricants.
* Do not mix any different types or brands of oils or fluids. This may cause damages.
* Keep the specified levels when adding or replacing the fluids.

CHANGED BY
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CLEANNESS

Cleanness of DI Engine Fuel System and Service Procedures

The fuel system for DI engine consists of transfer (low pressure) line and high pressure line. Its highest pres-
sure reaches over 1600 bar. Some components in injector and HP pump are machined at the micrometer 100
um of preciseness. The pressure regulation and injector operation are done by electric source from engine
ECU. Accordingly, if the internal valve is stucked due to foreign materials, injector remains open. Even in this
case, the HP pump still operates to supply high pressurized fuel. This increases the pressure to combustion
chamber (over 250 bar) and may cause fatal damage to engine.

You can compare the thickness of injector nozzle hole and hair as shown in below figure (left side). The right
side figure shows the clearance between internal operating elements.

Valve actuator lift: 0.028 mm
Hair

Diameter: 0.40 mm
Operating
clearance:
0.002 mm

Diameter:
2.0 mm

Nozzle hole

The core elements of fuel system has very high preciseness that is easily affected by dust or very small foreign
material. Therefore, make sure to keep the preliminary works and job procedures in next pages. If not, lots of
system problems and claims may arise.

ENGINE GENERAL INFORMATION CHANGED BY

KYRON SM - 2005.09 EFFECTIVE DATE
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Job Procedures

1. Always keep the workshop and lift clean (especially, from dust).

GENERAL

2. Always keep the tools clean (from oil or foreign materials).

3. Wear a clean vinyl apron to prevent the fuzz, dust and foreign materials from getting into fuel system.

Wash your hands and do not wear working gloves.

4. Follow the below procedures before starting service works for fuel system.

Carefully listen the symptoms and problems from customer.

'

Visually check the leaks and vehicle appearance on the wiring harnesses
and connectors in engine compartment.

'

Perform the diagnosis proceee with SCAN-100
(refer to “DI10 DIAGNOSIS” section in this manual).

'

Locate the fault. If the cause is from fuel system (from priming pump to
injector, including return line), follow the step 1 through step 3 above.

5. If the problem is from HP pump, fuel supply line or injector, prepare the clean special tools and sealing
caps to perform the diagnosis for DI engine fuel system in “DIAGNOSIS” section in this manual. At this

point, thoroughly clean the related area in engine compartment.

A\ NoTice

¢ Clean the engine compartment before starting service works.

Q@ = ®
vy =
- ® - 0
. -
Tool kit for high pressureline Took kit for low pressure line Removal tool box and cap kits

CHANGED BY ENGINE GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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6. Follow the job procedures. If you find a defective component, replace it with new one.

Disconnect the negative battery cable.

v

For safety reasons: check pressure is low before opening the HP systems (pipes)

v

Use special tools and torque wrench to perform the correct works.

Once disconnected, the fuel pipes between HP pump and fuel rail and between fuel rail
and each injector should be replaced with new ones. The pipes should be tightened to
specified tightening torques during installation. Over or under torques out of specified
range may cause damages and leaks at connections. Once installed, the pipes have been
deformed according to the force during installtion, therefore they are not reusable.

The copper washer on injector should be replaced with new one. The injector holder bolt
should be tightened to specified tightening torque as well. If not, the injection point may be
deviated from correct position, and it may cause engine disorder.

v

Plug the disconnected parts with sealing caps, and remove the caps immediately
before replacing the components.

Fuel Pressure Sensor
High pressure pump Common Rail
=
IMV valve
2 .
Low and high pressure pump High
Fuel temperature sensor Pfessure
Pipe
Water separator H | I
Water detection sensor | o
Priming
pump i ‘ Label
- - (C21)
Fuel
Filter
Injector
Sensors
HFM sensor
Cam position sensor
Fuel tank Crank position sensor
Knock sensor etc.
Components: )
: Supply line
- High pressure fuel pump - Fuel rail - Fuel pressure sensor ————— Returnline
. . . : ECU communication line
- Fuel injectors - Electroc control unit (ECU) - Various sensors and actuators
ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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7. Plug the removed components with clean and
undamaged sealing caps and store it into the box
to keep the conditions when it was installed.

8. Clear the high pressure offset value by SCAN-
100 after replacing the high pressure pump.

9. To supply the fuel to transfer line of HP pump
press the priming pump until it becomes hard.

Al NoTicE

» Do not crank engine before having filled pump.

10. Check the installed components again and
connect the negative battery cable. Start the
engine and check the operating status.

11. With SCAN-100, check if there are current faults
and erase the history faults.

NOTE
» For details, refer to “Diagnosis table”.

Priming pump

| € SCAN- 100 |

FUNCTION SELECTION
KYRON ECU

1] TROUBLE CODE
2] DATA LIST

31 ACTUATOR
4] TROUBLE CODE CLEAR |
5] ECU_IDENTIFICATION

6] INJECTOR(C21) CORRECTIONS
7] LEAK DETECTION

8] VARIANT CODING

9] RAIL PRESSURE RESET

0] ECU REPLACE

Select one of the above items

J

-
<
o
Ll
=z
L
O

CHANGED BY ENGINE GENERAL INFORMATION

EFFECTIVE DATE KYRON SM -2005.09

AFFECTED VIN




6 |o0A KYTROIN

DI Engine and Its Expected Problems and Remedies Can be

Caused by Water in Fuel

» SYSTEM SUPPLEMENT AGAINST PARAFFIN SEPARATION.

In case of Diesel fuel, paraffin, one of the elements, can be separated from fuel during winter and then can stick
on the fuel filter blocking fuel flow and causing difficult starting finally. Oil companies supply summer fuel and
winter fuel by differentiating mixing ratio of kerosene and other elements by region and season. However, above
phenomenon can be happened if stations have poor facilities or sell improper fuel for the season.

In case of DI engine, purity of fuel is very important factor to keep internal preciseness of HP pump and injector.
Accordingly, more dense mesh than conventional fuel filter is used. To prevent fuel filter internal clogging due to
paraffin separation, SYMC is using fuel line that high pressure and temperature fuel injected by injector returns
through fuel filter to have an effect of built-in heater (see fuel system).

» SYSTEM SUPPLEMENT AND REMEDY AGAINST WATER IN FUEL

As mentioned above, some gas stations supply fuel
with excessive than specified water. In the conventional
IDI engine, excessive water in the fuel only causes
dropping engine power or engine hunting. However, fuel
system in the DI engine consists of precise components
so water in the fuel can cause malfunctions of HP pump
due to poor lubrication of pump caused by poor coating
film during high speed pumping and bacterization (under
long period parking). To prevent problems can be caused
by excessive water in fuel, water separator is installed
inside of fuel filter. When fuel is passing filter, water
that has relatively bigger specific gravity is accumulated
on the bottom of the filter.

If water in the separator on the fuel filter exceeds a certain level, it will be supplied to HP pump with fuel, so the
engine ECU turns on warning light (ﬁ ) on the meter cluster and buzzer if water level is higher than a certain
level.

Due to engine layout, a customer cannot easily drain water from fuel filter directly, so if a customer checks in to
change engine oil, be sure to perform water drain from fuel filter. (See fuel system for details.)

ENGINE GENERAL INFORMATION CHANGED BY
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ENGINE ASSEMBLY

1. LH SIDE VIEW

D20DT

D27DT

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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2. RH SIDE VIEW

D20DT

D27DT

ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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3. FRONT VIEW
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D27DT

ENGINE GENERAL INFORMATION
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P Fan Belt

ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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COMPONENTS IN D20DT ENGINE AND D27DT ENGINE

GENERAL

Components

Turbocharger

Common rail

EGR valve

Exhaust manifold

Intake manifold

Cylinder head cover

CHANGED BY ENGINE GENERAL INFORMATION

EFFECTIVE DATE KYRON SM -2005.09

AFFECTED VIN
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Components D20DT D27DT
Cylinder head

Cylinder block

Qil pan

High pressure pipe

Intake camshaft and
exhaust camshaft

o o e N e e B B o o, )
d {SERSR USROS DA BiIS) el

— - B il ) 15
i o g e e B s s B Bl

Crankshaft
ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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Components

D20DT

Sprocket - HP pump

Timing chain devices

Chain double bush

Tensioner rail

Oil pump assy

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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KYRON SM - 2005.09

SENSOR [conTRoL] FuEL |cooLing “EXHAUST INTAKE | Housing | Assy W



14 | 0A

Y TROIN

Components

D20DT

D27DT

Clamping rail comp

Guid rail LWR

EGR pipe - LH

Fuel injector

ENGINE GENERAL INFORMATION
KYRON SM - 2005.09
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ENGINE CONTROLS

ECU RELATED COMPONENTS

» D20DT Engine

ECU/Barometric Sensor

Cam Position Sensor

Fuel Filter

(Water Detection Sensor) Accelerator Pedal Sensor

¢
| om

HFM Sensor/Intake Air
Temperature Sensor

Main Relay

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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» D27DT Engine

ECU/Barometric Sensor Cam Position Sensor Fuel F!Iter Accelerator Pedal Sensor
(Water Detection Sensor)

v

HFM Sensor/Intake Air . . .
Temperature Sensor Pre Heating Time Relay Main Relay

ABSESP | [PoVERAVENG
308 108
(WSHEDRERD) [ WLP (LoW)
5 i5h

ABSESP. 3 A

SPARE
208

SPARE
154

SPARE

B+

ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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ENGINE AND SENSORS

GENERAL

» D20DT Engine

Crankshaft Position

Injector Fuel Pressure Sensor
Sensor

Glow Plug Common Rail

Camshaft Position

Sensor Booster Pressure Sensor

Coolant Temperature

Sensor Knock Sensor (1EA)

CHANGED BY ENGINE GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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» D27DT Engine

Crankshaft Position

i Fuel Pressure Sensor
Injector Sensor

Glow Plug Common Rail

Camshaft Position

Sensor Booster Pressure Sensor

Coolant Temperature

Sensor Knock Sensor (2EA)

ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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ELECTRICAL COMPONENTS AND PRE HEATING SYSTEM

» D20DT Engine

Glow Plug

Start Motor

Pre Heating Time Relay

Battery

Fuse box

Alternator

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN

ENGINE GENERAL INFORMATION
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» D27DT Engine

Glow Plug

Start Motor

Pre Heating Time Relay

Battery

Fuse Box

Alternator

ENGINE GENERAL INFORMATION

KYRON SM - 2005.09
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EFFECTIVE DATE
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INTAKE SYSTEM

» D20DT Engine

HFM Sensor

Air Cleaner
Assembly

"

7

/ é

Intake Duck
Hose

Intake Manifold

EFFECTIVE DATE
AFFECTED VIN

Intake Outlet Intake Hose
Hose
Turbocharger Intercooler EGR Pipe - LH
CHANGED BY ENGINE GENERAL INFORMATION
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» D27DT Engine

HFM Sensor

Air Cleaner
Assembly

Intake
Outlet Hose

Intake Duct
Hose

Intake Manifold

Turbocharger

Intercooler

EGR Pipe - LH

ENGINE GENERAL INFORMATION

KYRON SM - 2005.09

Inlet Hose
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EXHAUST SYSTEM
» D20DT Engine

Muffler Exhaust Manifold EGR Valve

Turbocharger

Catalytic Converter

Vacuum Modulator

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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» D27DT Engine

Muffler

Exhaust Manifold

EGR Valve

Turbocharger

Catalytic Converter

EGR Pipe

Vacuum Modulator

e
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LUBRICATION SYSTEM

» D20DT Engine

Cylinder Head Cover

Oil Dipstick

Oil Separator

Engine Oil Filter Housing

Engine Oil Pump

Oil Pan

Engine Oil Cooler

Engine Oil Pressure
Switch

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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» D27DT Engine

Cylinder Head Cover Oil Dipstick Qil Separator Engine Oil Filter Housing

Engine Oil Pressure

Engine Oil Pump Oil Pan Engine Oil Cooler Switch

ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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COOLING SYSTEM

GENERAL

» D20DT Engine

Coolant Reservoir Water Pump

Cooling Fan and Fan

Radiator Assembly Clutch

CHANGED BY ENGINE GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN




28 |o0A KYTROIN

» D27DT Engine

Coolant Reservoir Water Pump

Cooling Fan and Fan

Radiator Assembly Clutch

7'\

ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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FUEL SYSTEM

GENERAL

» D20DT Engine

Fuel Return Hose Fuel Pressure Pipe Common Rail Fuel Filter

Injector HP Pump Priming Pump

oy

CHANGED BY ENGINE GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09
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» D27DT Engine

Fuel Return Hose

Fuel Pressure Pipe

Common Rail

Fuel Filter

Injector

Priming Pump

y

ENGINE GENERAL INFORMATION
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FUEL SUPPLY SYSTEM

GENERAL

» D20DT Engine

Fuel Pressure Sensor

High pressure s Common Rail

pump

Low and high
pressure pump

i/ A/ | Pressure
) Pipe
@&

Water separator U I

Water detection

s N |
sen_sor‘ QPriming \
prmp /i /i /i_/i Label
[ (C2))
Fuel
Filter

Fuel temperature
sensor

W B High
/‘\

Injector
Sensors
HFM sensor
Cam position sensor
Crank position sensor
Fuel tank P
Knock sensor etc.
Components:
. —— . SUpply line
- High pressure fuel pump - Fuel rail - Fuel pressure sensor —_ - REE’L?I'I')'I/ line
- Fuel injectors - Electroc control unit (ECU) - Various sensors and actuators ——FF . ECU

communication line

According to input signals from various sensors, engine ECU calculates driver's demand (position of the accel-
erator pedal) and then controls overall operating performance of engine and vehicle on that time.

ECU receives signals from sensors via data line and then performs effective engine air-fuel ratio controls based
on those signals. Engine speed is measured by crankshaft speed (position) sensor and camshaft speed (position)
sensor determines injection order and ECU detects driver’s pedal position (driver's demand) through electrical signal
that is generated by variable resistance changes in accelerator pedal sensor. Air flow (hot film) sensor detects
intake air volume and sends the signals to ECU. Especially, the engine ECU controls the air-fuel ratio by recogniz-
ing instant air volume changes from air flow sensor to decrease the emissions (EGR valve control). Furthermore,
ECU uses signals from coolant temperature sensor and air temperature sensor, booster pressure sensor and
barometric sensor as compensation signal to respond to injection starting, pilot injection set values, various opera-
tions and variables.

CHANGED BY ENGINE GENERAL INFORMATION
EFFECTIVE DATE KYRON SM - 2005.09
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» D27DT Engine

Fuel pressure sensor

Ve

High pressure
pump

Common rail

High
pressure
pipe

Low and high
pressure pump

Fuel temperature
sensor

Water separator “ I ‘ ‘ ‘ ‘
| I %2 G

pump

i\
Fuel filter §

Water detec-
tion sensor

Injector

bbb

Sensors

HFM sensor

Cam position sensor

Crank position sensor

Fuel tank
Knock sensor etc.
Components:
. — Supply line

- High pressure fuel pump - Fuel rail - Fuel pressure sensor ———— Return line

- Fuel injectors - Electroc control unit (ECU) - Various sensors and actuators ——— ECU communication line
ENGINE GENERAL INFORMATION CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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MAINTENANCE AND REPAIR

MAINTENANCE AND LUBRICATION

» Normal Vehicle Use

The maintenance instructions contained in the mainte-
nance schedule are based on the assumption that the
vehicle will be used for the following reasons:

1. To carry passengers and cargo within the limitation
of the tire inflation prassure. Refer to “Wheels and
Tire” in section 4H.

2. Tobe driven on reasonable road surfaces and within
legal operating limits.

» Explanation of Scheduled
Maintenance Services

The services listed in the maintenance schedule are fur-
ther explained below. When the following maintenance
services are performed, make sure all the parts are re-
placed and all the necessary repairs are done before
driving the vehicle. Always use the proper fluid and
lubricants.

Engine Oil and QOil Filter Change

Always use above the APl SH grade or recommended
engine oil.

Engine Qil Viscosity

Engine oil viscosity (thickness) has an effect on fuel
economy and cold weather operation. Lower viscosity
engine oils can provide better fuel economy and cold
weather performance; however, higher temperature
weather conditions require higher viscosity engine oils
for satisfactory lubrication. Using oils of any viscosity
other than those viscosities recommended could result
in engine damage.

Cooling System Service

Drain, flush and refill the system with new coolant. Refer
to “Recommended Fluids And Lubricants” in this section.

Air Cleaner Element Replacement

Clean the air cleaner element every.
1. Gasoline Engine: 15,000 km (10,000 miles)
2. Diesel Engine: 10,000 km (6,000 miles)

Replace the air cleaner element every.
1. Gasoline Engine: 60,000 km (36,000 miles)
2. Diesel Engine: 30,000 km (18,000 miles)

Replace the air cleaner more often under dusty conditions.

Fuel Filter Replacement

Replace the engine fuel filter every.
1. Gasoline Engine: 60,000 km (36,000 miles)
2. Diesel Engine: 30,000 km (18,000 miles)

Spark Plug Replacement

Replace spark plugs with same type.

1. Type: BOSCH: F8DC4
BERU: 14F-8DU4
Champion: C11YCC

2. Gap: 0.8 0.1 mm

Spark Plug Wire Replacement

Clean wires and inspect them for burns, cracks or other
damage. Check the wire boot fit at the Distributor and at
the spark plugs. Replace the wires as needed.

Brake System Service

Check the disc brake pads or the drum brake linings.
Check the pad and the lining thickness carefully.

Tire and Wheel Inspection and Rotation

Check the tires for abnormal wear or damage. To equal-
ize wear and obtain maximum tire life, rotate the tires. If
irregular or premature wear exists, check the wheel align-
ment and check for damaged wheels. While the tires
and wheels are removed, inspect the brakes.

Tire Rotation (Left-hand Drive Type)

E

& =

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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GUIDELINES FOR SERVICE WORK SAFETY

» General

To maintain and operate the vehicle under optimum state
by performing safe service works, the service works
should be done by following correct methods and
procedures.

Accordingly, the purpose of this manual is to prevent
differences that can be caused by personal working
method, skill, ways and service procedures and to al-
low prompt/correct service works.

Note, Notice

While using this manual, there are a lot of Note or No-
tice having below meaning.

NOTE

* Note means detailed description of supplemen-
tary information on work procedure or skill.

Al NoTice

» Notice means precautions on tool/device or part
damages or personal injuries that can occur dur-
ing service works.

However, above references and cautions cannot be in-
clusive measures, so should have habits of taking con-
cerns and cautions based on common senses.

» Cautions on Inspection/Service

Al NoTice

During service works, be sure to observe below
general items for your safety.

» For service works, be sure to disconnect battery
negative (-) terminal if not starting and inspection.

* While inspecting vehicle and replacing various
consumable parts, be sure to take caution not to
damage vehicle and injure people.

* Engine and transmission may be hot enough to
burn you. So inspect related locations when they
cooled down enough.

» If engineis running, keep your clothing, tools, hair
and hands away from moving parts.

» Even when the ignition key is turned off and posi-
tioned to LOCK, electrical fan can be operated
while working on near around electrical fan or ra-
diator grille if air conditioner or coolant tempera-
ture rises.

» Every oil can cause skin trouble. Immediately
wash out with soap if contacted.

» Painted surface of the body can be damaged if
spilled over with oil or anti-freeze.

» Never go under vehicle if supported only with jack.

* Never near the battery and fuel related system to
flames that can cause fire like cigarette.

* Never disconnect or connect battery terminal or
other electrical equipment if ignition key is turned
on.

* While connecting the battery terminals, be cau-
tious of polarities (+, —) not to be confused.

» There are high voltage and currency on the bat-
tery and vehicle wires. So there can be fire if
short-circuited.

* Do not park while running the engine in an en-
closed area like garage. There can be toxication
with CO, so make sufficient ventilation.

» The electrical fan works electrically. So the fan
can be operated unexpectedly during working
causing injuries if the ignition key is not in LOCK
position. Be sure to check whether ignition key is
in LOCK position before work.

» Be careful not to touch hot components like cata-
lytic converter, muffler and exhaust pipe when the
engineis running or just stopped. They may burn
you badly.

ENGINE GENERAL INFORMATION
KYRON SM - 2005.09
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» Guidelines on Engine Service Fuel and lubrication system i
To prevent personal injuries and vehicle damages that ~ Painted surface of the body can be damaged or rub-
can be caused by mistakes during engine and unit in- ber product§ (hoes) can be_corroded if engine oil gnd
spection/repair and to secure optimum engine perfor-  fuel are spilled over. If spilled over engine, foreign

mance and safety after service works, basic cautions ~ Materials in air can be accumulated on the engine
and service work guidelines that can be easily forgotten ~ damaging fuel system.

during engine service works are described in. 1. If work on the fluid system such as fuel and oil,
working area should be well ventilated and mechanic
should not smoke.

1. Before work on engine and each electrical equipment, 2. Gasket or seal on the fuel/lubrication system should

Cautions before service works

be sure to disconnect battery negative (-) terminal. be replaced with new and bolts and nuts should be
2. Before service works, be sure to prepare the works tightened as specified.

by cleaning and aligning work areas. 3. After removal/installation works, be sure to check
3. Always position the ignition switch to OFF if not whether there is leak on the connecting section.

required. If not, there can be electrical equipment

damages or personal injuries due to short-circuit or
ground by mistake. If fine dust or foreign material enters into DI engine’s

fuel system, there can be serious damages between
HP pump and injectors. So, be sure to cover removed
fuel system components with cap and protect removed
parts not to be contaminated with dirt. (Refer to clean-
ness in this manual while working on DI engine fuel

4. There should be no leak from fuel injection system
(HP pump, fuel hose, high pressure pipe) of the
D20DT & D27DT engine. So they should be
protected from foreign materials.

5. While removing the engine, do not position the jack

system)
and others under the oil pan or engine. To secure the
safety, use only safety hook on the engine.
Engine and accessories Electrical equipment
Engine has a lot of precise portions so tightening torque Electrical equipment should be handled more carefully.
should be correct during disassembly/assembly and re- Currently, the engine is equipped with a lot of electrical
moval/installation and service work should be done in equipments so there can be engine performance drops,
clean ways during disassembly/assembly. incomplete combustion and other abnormals due to short
Maintaining working area clean and cautious servicead- ~ and poor contact. Mechanics should well aware of
ministration is essential element of service works while ~ Vehicle’s electrical equipment.
working on the engine and each section of the vehicle. 1. If have to work on the electrical equipment, be sure
So the mechanics should well aware of it. to disconnect battery negative (-) terminal and
1. While removing the engine, related parts (bolts, position the ignition switch to off if not required.
gaskets, etc.) should be aligned as a group. 2. When replacing electrical equipment, use the same
2. While disassembling/assembling internal components genuine part and be sure to check whether ground or
of the engine, well aware of disassembly/assembly connecting portions are correctly connected during
section in this manual and clean each component installation. If ground or connecting portion is
with engine oil and then coat with oil before installation. loosened, there can be vehicle fire or personal injury.

3. While removing engine, drain engine oil, coolant and
fuel in fuel system to prevent leakage.

4. During service work of removal/installation, be sure
to check each connected portions to engine not to
make interference.

CHANGED BY ENGINE GENERAL INFORMATION
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During Service Work - Inspection

1.

Before lifting up the vehicle with lift, correctly support
the lifting points and lift up.

. When using a jack, park the vehicle on the level

ground and block front and rear wheels. Position
the jack under the frame and lift up the vehicle and
then support with chassis stand before service work.

. Before service work, be sure to disconnect battery

negative (-) terminal to prevent damages by bad wire
and short.

. If service from interior of the vehicle, use protection

cover to prevent damage and contamination of seat
and floor.

. Brake fluid and anti-freeze can damage painted

surface of body. So carefully handle them during
service work.

. Use recommended and specified tools to increase

efficiency of service work.

. Use only genuine spare parts.

{=> SSANGYONG MOTOR

GENUINE PARTS

ENGINE GENERAL INFORMATION
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10.

11.
12.

13.

14.
15.

16.
17.

18.

19.

Never reuse cotter pin, gasket, O-ring, oil seal, lock
washer and self-locking nut. Replace them with new.

If reused, normal functions cannot be maintained.

Align the disassembled parts in clean according to
disassembling order and group for easy assembling.

According to installing positions, the bolts and nuts
have different hardness and design. So be careful
not to mix removed bolts and nuts each other and
align them according installing positions.

To inspect and assemble, clean the parts.

Securely clean the parts that related with oil not to
be affected by viscosity of oil.

Coat oil or grease on the driving and sliding surfaces
before installing parts.

Use sealer or gasket to prevent leakage if necessary.

Damaged or not, never reuse removed gasket.
Replace with new and cautious on installing
directions.

Tighten every bolt and nut with specified torque.

When service work is completed, check finally
whether the work is performed properly or the problem
is solved.

If work on the fuel line between priming pump and
injector (including return line), be sure to cover the
removed parts with cap and be careful not to expose
the connecting passage and removed parts to
external foreign materials or dust. (Refer to
cleanness.)

If remove high pressure fuel supply pipe between
HP pump and fuel rail and high pressure fuel pipe
between fuel rail and each injector, be sure to
replace them with new.

CHANGED BY
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During Service Work for Electric Devices
A\ NoTicE

» Be careful not to modify or alter electrical system and electrical device. Or there can be vehicle fire or
serious damage.

1. Be sure to disconnect battery negative (-) terminal during every service work. Before disconnecting battery
negative (-) terminal, turn off ignition key.

2. Replace with specified capacity of fuse if there is bad, blown or short circuited fuse. If use electrical wire or steel
wire other than fuse, there can be damages on the various electrical systems. If replaced with over-capacity fuse,
there can be damages on the related electrical device and fire.

Every wire on the vehicle should be fastened securely not to be loosened with fixing clip.

If wires go through edges, protect them with tape or other materials not to be damaged.

Carefully install the wires not to be damaged during installation/removal of parts due to interference.
Be careful not to throw or drop each sensor or relay.

N o gk w

Securely connect each connector until hear a “click” sound.

» Lifting Positions

1. 4-post lift

As illustrated, position the vehicle on the 4-post lift securely and block the front and rear of each tire not to move
during working.

Al NoTice

During lifting, be sure to check whether vehicle is empty.

« Board-on lift connection device installed in front of vehicle should be positioned in front of sill locating
under the front door.

« Install lift connecting device on the edge of front and rear of board-on lift.

AL WARNING

» Be sure to use attachment during lifting to prevent the lift from contacting with body floor.

» While lifting the vehicle, widen the lift floor as far as possible to stabilize between vehicle front and rear.
When fixing the lift floor, be careful not to contact with brake tube and fuel lines.

2. Safety jack and safety stand

If lift up the vehicle with safety jack and stand, should be more careful during works.

AL WARNING

* Never be under the vehicle if supported with only jack. If have to be under the vehicle, be sure to use
safety block.

* Use wheel block in front and rear of every wheel.

ENGINE GENERAL INFORMATION CHANGED BY
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OWNER INSPECTIONS AND SERVICES

WHILE OPERATING THE VEHICLE

Horn Operation

Blow the horn occasionally to make sure it works. Check
all the button locations.

Brake System Operation

Be alert for abnormal sounds, increased brake pedal
travel or repeated puling to one side when braking. Also,
if the brake warning light goes on, or flashes, something
may be wrong with part of the brake system.

Exhaust System Operation

Be alert to any changes in the sound of the system or
the smell of the fumes. These are signs that the system
may be leaking or overheating. Have the system in-
spected and repaired immediately.

Tires, Wheels and Alignment Operation

Be alert to any vibration of the steering wheel or the
seats at normal highway speeds. This may mean a wheel
needs to be balanced. Also, a pull right or left on a straight,
level road may show the need for a tire pressure adjust-
ment or a wheel alignment.

Steering System Operation

Be alert to changes in the steering action. An inspec-
tion is needed when the steering wheel is hard to turn or
has too much free play, or is unusual sounds are no-
ticed when turning or parking.

Headlamp Aim

Take note of the light pattern occasionally. Adjust the
headlights if the beams seem improperly aimed.

AT EACH FUEL FILL

A fluid loss in any (except windshield washer) system
may indicate a problem. Have the system inspected and
repaired immediately.

Engine Oil Level

Check the oil level and add oil if necessary. The best

time to check the engine oil level is when the oil is warm.

1. After stopping the engine, wait a few minutes for the
oil to drain back to the oil pan.

2. Pull out the oil level indicator (dip stick).

3. Wipe it clean, and push the oil level indicator back
down all the way.

4. Pull out the oil level indicator and look at the oil level
on it.

5. Add oil, if needed, to keep the oil level above the
lower mark. Avoid overfilling the engine, since this
may cause engine damage.

6. Push the indicator all the way back down into the
engine after taking the reading.

If you check the oil level when the oil is cold, do not run
the engine first. The cold oil will not drain back to the
pan fast enough to give a true oil level reading.

Engine Coolant Level and Condition

Check the coolant level in the coolant reservoir tank and
add coolant if necessary. Inspect the coolant. Replace
dirty or rusty coolant.

Windshield Washer Fluid Level

Check the washer fluid level in the reservoir. Add fluid if
necessary.

AT LEAST TWICE A MONTH

Tire And Wheel Inspection and Pressure Check

Check the tire for abnormal wear or damage. Also check
for damaged wheels. Check the tire pressure when the
tires are cold (check the spare also, unless it is a stow-
away).

Maintain the recommended pressures. Refer to “Wheels
and Tire” is in section 4H.

AT LEAST MONTHLY

Lamp Operation

Check the operation of the license plate lamp, the head-
lamps (including the high beams), the parking lamps, the
fog lamps, the taillamp, the brake lamps, the turn signals,
the backup lamps and the hazard warning flasher.

Fluid Leak Check

Periodically inspect the surface beneath the vehicle for
water, oil, fuel or other fluids, after the vehicle has been
parked for a while. Water dripping from the air condition-
ing system after use is normal. If you notice fuel leaks
or fumes, find the cause and correct it at once.
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AT LEAST TWICE A YEAR

Power Steering System Reservoir Level

Check the power steering fluid level. Keep the power
steering fluid at the proper level. Refer to Section 4G,
Power Steering System.

Brake Master Cylinder Reservoir Level

Check the fluid and keep it at the proper level. Alow fluid
level can indicate worn disc brake pads which may need
to be serviced. Check the breather hole in the reservoir
cover to be free from dirt and check for an open passage.

Weather-Strip Lubrication
Apply a thin film silicone grease using a clean cloth.

EACH TIME THE OIL IS CHANGED

Brake System Inspection

This inspection should be done when the wheels are
removed for rotation. Inspect the lines and the hoses for
proper hookup, binding, leaks, cracks, chafing, etc. In-
spect the disc brake pads for wear. Inspect the rotors
for surface condition. Inspect other brake parts, the park-
ing brake, etc., at the same time. Inspect the brakes
more often if habit or conditions result in frequent braking.

Steering, Suspension and Front Drive Axle
Boot And Seal Inspection

Inspect the front and rear suspension and the steering
system for damaged, loose or missing parts, signs of
wear or lack of lubrication. Inspect the power steering
line and the hoses for proper hookup, binding, leaks,
cracks, chafing, etc. Clean and inspect the drive axle
boot and seals for damage, tears or leakage. Replace
the seals if necessary.

Exhaust System Inspection

Inspect the complete system (including the catalytic con-
verter if equipped). Inspect the body near the exhaust
system. Look for broken, damaged, missing, or out-of-
position parts as well as open seams, holes, loose
connections, or other conditions which could cause heat
buildup in the floor pan or could let exhaust fumes seep
into the trunk or passenger compartment.

Drain the Water from Fuel Filter

When the water level inside water separator in fuel filter
exceeds a certain level, water separator warning light
comes on and buzzer sounds. Also, the driving force of
the vehicle decreases.

If these conditions occur, immediately drain the water
from fuel filter & water separator.

Hood Latch Operation

When opening the hood, note the operation of the sec-
ondary latch. It should keep the hood from opening all
the way when the primary latch is released. The hood
must close firmly.

AT LEAST ANNUALLY

Lap and Shoulder Belts Condition and
Operation

Inspect the belt system including: the webbing, the
buckles, the latch plates, the retractor, the guide loops
and the anchors.

Movable Head Restraint Operation

On vehicles with movable head restraints, the restraints
must stay in the desired position.

Spare Tire and Jack Storage

Be alert to rattles in the rear of the vehicle. The spare
tire, all the jacking equipment, and the tools must be
securely stowed at all times. Oil the jack ratchet or the
screw mechanism after each use.

Key Lock Service
Lubricate the key lock cylinder.

Body Lubrication Service

Lubricate all the body door hinges including the hood,
the fuel door, the rear compartment hinges and the
latches, the glove box and the console doors, and any
folding seat hardware.

Underbody Flushing

Flushing the underbody will remove any corrosive mate-
rials used for ice and snow removal and dust control. At
least every spring clean the underbody. First, loosen
the sediment packed in closed areas of the vehicle. Then
flush the underbody with plain water.

Engine Cooling System

Inspect the coolant and freeze protection fluid. If the
fluid is dirty or rusty, drain, flush and refill the engine
cooling system with new coolant. Keep the coolant at
the proper mixture in order to ensure proper freeze
protection, corrosion protection and engine operating
temperature. Inspect the hoses. Replace the cracked,
swollen, or deteriorated hoses. Tighten the clamps.

Clean the outside of the radiator and the air conditioning
condenser. Wash the filler cap and the neck. Pressure
test the cooling system and the cap in order to help
ensure proper operation.
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STANDARD BOLTS SPECIFICATIONS
Torque (Nm / Ib-in)
Bolt* Standard Limit
47 T 9T 4T T aT

M3x 0.5 0.5Nm 0.9Nm 1.3Nm 0.7Nm 1.2Nm 17 Nm
(4.5 Ib-in) (8 1b-in) (12 Ib-in) (6.3 1b-in) (11 Ib-in) (15 Ib-in)

M4 x 0.7 1.2Nm 2.0Nm 3.0Nm 1.6 Nm 2.6 Nm 4.0Nm
(11 Ib-in) (18 1b-in) (27 Ib-in) (14 1b-in) (231b-in) (36 1b-in)

M5x 0.8 2.4Nm 4.0 Nm 5.6 Nm 3.1Nm 5.2Nm 7.6 Nm
(221b-in) (36 1b-in) (50 Ib-in) (28 Ib-in) (47 Ib-in) (68 Ib-in)

M6 x 1.0 4.0 Nm 6.7 Nm 9.7 Nm 5.4 Nm 9.0Nm 12.7Nm
(361b-in) (60 Ib-in) (87 Ib-in) (49 Ib-in) (811b-in) (114 Ib-in)

M8 x 1.25 8.6 Nm 15.7 Nm 22.5Nm 12.7Nm 20.6 Nm 30.4Nm
(77 Ib-in) (12 1b-in) (17 Ib-in) (9 Ib-in) (15.2 Ib-in) (221b-in)

M10x 1.25 18.6 Nm 32.3Nm 46.0 Nm 25.5Nm 42.1Nm 60.8 Nm
(14 1b-in) (24 1b-in) (34 Ib-in) (29 Ib-in) (311b-in) (311b-in)

M10x 1.5 18.6 Nm 30.4Nm 44.1 Nm 24.5Nm 41.2Nm 58.8 Nm
(14 1b-in) (22 1b-in) (33 1b-in) (18 Ib-in) (301b-in) (44 1b-in)
M12x 1.25 34.3Nm 56.8 Nm 82.3Nm 45.0 Nm 75.5Nm 107.8 Nm
(251b-in) (42 1b-in) (61 Ib-in) (33 1b-in) (56 Ib-in) (80 1b-in)

M12x 1.75 32.3Nm 53.9Nm 77.4Nm 43.1 Nm 71.5Nm 98.0Nm
(24 1b-in) (40 1b-in) (57 Ib-in) (321b-in) (53 1b-in) (73 1b-in)
M14x 1.5 54.0 Nm 89.2Nm 127.4Nm 71.6 Nm 117.6 Nm 166.6 Nm
(401b-in) (66 Ib-in) (94 Ib-in) (53 Ib-in) (87 Ib-in) (123 Ib-in)
M16x 1.5 81.3Nm 107.8 Nm 196.0 Nm 107.8 Nm 186.2Nm 264.6 Nm
(60 Ib-in) (80 1b-in) (145 Ib-in) (80 Ib-in) (138 Ib-in) (196 Ib-in)
M18x 1.5 117.6 Nm 196.0 Nm 284.2 Nm 156.8 Nm 264.6 Nm 372.4Nm
(87 Ib-in) (145 Ib-in) (210 Ib-in) (116 Ib-in) (196 Ib-in) (276 Ib-in)
M20x 1.5 166.6Nm 274.4Nm 392.0Nm 215.6 Nm 362.6 Nm 519.4Nm
(123 Ib-in) (203 Ib-in) (290 Ib-in) (160 Ib-in) (268 Ib-in) (384 Ib-in)
M22 x 0.5 225.4Nm 372.4Nm 529.2 Nm 294.0Nm 490.0 Nm 705.6 Nm
(167 Ib-in) (276 Ib-in) (392 Ib-in) (218 1b-in) (362 Ib-in) (522 Ib-in)
M24x 1.5 284.2Nm 480.2Nm 686.0 Nm 382.2Nm 637.0 Nm 921.2Nm
(2101Ib-in) (355 Ib-in) (508 Ib-in) (283 1b-in) (471 Ib-in) (682 Ib-in)
M24 % 2.0 274.4Nm 460.6 Nm 666.4 Nm 372.4Nm 617.4 Nm 891.8 Nm
(203 Ib-in) (341 Ib-in) (493 Ib-in) (276 Ib-in) (457 Ib-in) (660 Ib-in)

*Diameter X pitch in millimeters
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. Metric bolt strength is embossed on the head of each
bolt. The strength of bolt can be classified as 4T, 7T,
8.8T, 10.9T, 11T and 12.9T in general.

. Observe standard tightening torque during bolt
tightening works and can adjust torque to be proper
within 15 % if necessary. Try not to over max.
allowable tightening torque if not required to do so.

. Determine extra proper tightening torque if tightens

with washer or packing.

. If tightens bolts on the below materials, be sure to

determine the proper torque.

1) Aluminum alloy: Tighten to 80 % of above torque
table.

2) Plastics: Tighten to 20 % of above torque table.

ENGINE GENERAL INFORMATION CHANGED BY
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STRUCTURE AND FUNCTION DESCRIPTIONS

D20DT ENGINE

» Major Components in Engine and Engine Compartment

ASSY

The advanced electronically controlled D20DT engine that has high pressure fuel system has been introduced to this
vehicle. It satisfies the strict emission regulation and provides improved output and maximum torque.

12 13 14 7 4
1. Coolant reservoir 6. Fuse box 11. EGRvalve
2. FFH device 7. Battery 12. Air cleaner assembly
3. Brake fluid reservoir 8. Fuel filter 13. Turbo charger

4. Washer fluid reservoir
5. Common rail

9. ABS/ESP unit
10. Priming pump

14. Oil dipstick
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D27DT ENGINE

12 14 13 5 7
1. Coolant reservoir 6. Fuse box 11. EGRvalve
2. FFH device 7. Battery 12. Air cleaner assembly
3. Brake fluid reservoir 8. Fuel filter 13. Turbo charger
4. Washer fluid reservoir 9. ABS/ESP unit 14. Oil dipstick
5. Common rail 10. Priming pump
ENGINE ASSEMBLY CHANGED BY
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» Engine Structure

Front View

ASSY

. TVD (Torsional Vibration Damper)
. Air conditioner compressor

. Power steering pump pulley

. Idle pulley

. Water pump pulley

. Alternator

. Viscos clutch pulley

. Auto tensioner pulley

© 00 N O O A WDN PP

. Auto tensioner

=
o

. Poly-grooved belt

=

. Cam position sensor
. EGRvalve
. Power steering pump

L
AW N

. EGR center pipe

. TVD (Torsional Vibration Damper)
. Air conditioner compressor

. Power steering pump pulley

. Idle pulley

. Water pump pulley

. Alternator

. Viscos clutch
. Auto tensioner pulley

© 00 N O OB WDN PP

. Auto tensioner
. Poly-grooved belt

E o

. Cam position sensor
. EGRvalve

. Power steering pump
. EGR center pipe

L
AW N
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Top View

D20DT

15. Cylinder head cover
16. Intake manifold

17. Water outlet port

18. Common rail

19. Fuel pressure sensor

24
23 20. Fuel pipe
21. Injector
22. Fuelreturnline
28 23. Oil filler cap
24. Glow plug

25. Booster pressure sensor
26. PCV valve and oil separator
27. QOil dipstick

28. EGR-LH pipe

17 19 18 16

D27DT

27 26 15 21 22 20 _
15. Cylinder head cover

16. Intake manifold

17. Water outlet port

18. Common rall

19. Fuel pressure sensor

19 20. Fuel pipe

25 21. Injector
22. Fuelreturn line
23. Qil filler cap
24. Glow plug

25. Booster pressure sensor
26. PCV valve and oil separator
27. QOil dipstick

28. EGR-LH pipe

17 16

ENGINE ASSEMBLY CHANGED BY
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Left Side View

ASSY

29. Cylinder head

30. Cylinder block

31. Oil pan

32. Drain plug

33. Turbo charger

34. EGR-RH pipe

35. PCV valve and oil separator
36. Oil dipstick

37. Exhaust manifold

29. Cylinder head

30. Cylinder block

31. Oil pan

32. Drain plug

33. Turbo charger

34. EGR-RH pipe

35. PCV valve and oil separator
36. Oil dipstick

37. Exhaust manifold

CHANGED BY ENGINE ASSEMBLY
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Left Side View

41 39
D20DT

38. High pressure pump
39. Turbo charger booster vacuum
modulator (Gray)

40. EGR valve vacuum modulator
41. EGR valve (Black)

38. High pressure pump
39. Turbo charger booster vacuum
modulator

40. EGR valve vacuum modulator
41. EGRvalve
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SPECIFICATIONS AND PERFORMANCE CURVE

» Specifications

Description D20DT D27DT ;
Engine Type/Number of cylinders D20DT/4-cylinder D27DT/5-cylinder ‘2
Cylinder Inner diameter (mm) 86.2 86.2
Stroke (mm) 85.6 92.4
Displacement (cc) 1998 2696
Compression ratio 17.5:1 18:1
Maximum output (ps/rpm) 141/4,000 165/4,000
Maximum torque (Nm/rpm) 310/1,800 ~ 2,750 340/1,800 ~ 3,250
Idle speed For Manual Transmission 750 £ 50 rpm 750 £ 50 rpm
For Automatic Transmission 750 £ 50 rpm 750 £ 50 rpm
Valve Intake Opens (BTDC) 9° 9°
Closes (ABDC) 26° 26°
Exhaust Opens (BBDC) 38° 38°
Closes (ATDC) 16° 16°
Camshaft Type DOHC DOHC
Fuel system | Fueltype Low sulfur diesel Low sulfur diesel
Fuel pump type Vane pump in HP pump Vane pump in HP pump
Fuel supply pressure HP pump inlet port: max. 400 mbar | HP pump inlet port: max. 400 mbar
HP pump outlet port (with HP pump outlet port (with
IMV fully open): over 1,050 bar IMV fully open): over 1,050 bar
Water separation in fuel filter at every 10,000 km at every 10,000 km
Fuel tank capacity () 80 80
Lubrication Oil specification SAE 10W40, 5W40 SAE 10W40, 5wW40
system (MB Sheet 229.1, 229.3 (MB Sheet 229.1, 229.3
approved oil) approved oil)
Lubrication type Forced delivery Forced delivery
Oil filter type Full flow, filter element type Full flow, filter element type
Oil capacity () 50~75 6.0~85
Cooling Cooling type Water cooling type Water cooling type
system Cooling fan operation type Belt operated type Belt operated type
Thermostat: Fully | Opening
Open: 100°C) temperature (°C) 85 85
Type WAX pellet type WAX pellet type
Coolant capacity (£) =115 =115

CHANGED BY
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» Engine Performance Curve

Vehicle with A/T

Output and Torque
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Oil Temperature/Pressure and Boost Pressure

D20DT engine

D27DT engine

Oil pressure [bar]

Boost pressure [bar]

Oil pressure [bar]

Boost pressure [bar]

27

2.3

2.0

4.0 7

2.0

1.6 4

1.2

0.8 —

0.0 -

—
~
‘\
N,
\-
/ L
/ \
I/
v
7
7 -
800 1200 1600 2000 2400 2750 3200 3500 4000 4200
Engine [rpm]
/
v “
/ /,4 \
//
—
/ /
/ ’
1200 1500 1800 2100 2400 2700 3000 3300 3600 3900 4200

Engine [rpm]

120

110

100

- 115

- 110

- 105

- 100

- 95

Oil temperature [°C]

Oil temperature [C]

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN

ENGINEASSEMBLY
KYRON SM - 2005.09

SENSOR [conTrRoL] FUEL |cooLing “EXHAUST INTAK E | HOUSING ﬁ GENERAL



12 |o1

Y TROIN

Vehicle with M/T
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Oil Temperature/Pressure and Boost Pressure

D20DT engine 307
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GENERAL DIAGNOSIS

Condition

Probable Cause

Correction

Hard Starting

Malfunction of

Faulty fuse.

Replace the fuse.

(With normal | Ignition System Faulty spark plug. Clean, adjust the plug gap or
cranking) replace.
Electric leakage at the high Replace the cable.
tension cable.
Poor connection of the high Replace the cable or wires.
tension cable or lead wires.
Improper ignition timing. Adjust the ignition timing.
Faulty ignition coil. Replace the ignition coil.
Malfunction of Lack of fuel in the fuel tank. Feed the fuel.
Fuel System Dirty or clogged fuel filter. Replace the filter.
Clogged fuel pipe. Clean the fuel pipe.
Malfunction of the fuel pump. Replace the fuel pump.
Malfunction of the fuel injector. Replace the injector.
The foreign material in the fuel Clean the fuel tank.
tank.
Decline of Poor tightening spark plug. Tighten to the specified torque.
Compression Compression
Pressure Cracked cylinder head gasket. Replace the gasket.
Inadequate the valve clearance. Adjust the clearance.
Leakage of the valve clearance. Repair the valve.
Interference of the valve stem. Replace the valve or the valve
guide.
Low elasticity or damage of the Replace the valve spring.
valve spring.
Abnormal interference of pistons Replace the piston ring.
and cylinders.
Excessive wear of pistons, rings, Replace the ring or the piston
or cylinders. and boring or replace the
cylinder.
Others Broken timing belt. Replace the belt.
Loosening, damage or leakage of Connect the hose correctly or
the vacuum hose. replace it.
Leakage of intake system. Replace intake system.
Lack of Decline of Refer to above in this page. Refer to above in this page.
Engine Power | Compression
Pressure

Malfunction of
Ignition System

Improper ignition timing.

Adjust the ignition timing.

Faulty spark plug.

Adjust or replace the spark plug.

Electric leakage or poor
connection of the high tension
cable.

Connect the cable correctly or
replace it.

ENGINEASSEMBLY
KYRON SM - 2005.09
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GENERAL DIAGNOSIS (Cont’d)

Condition

Probable Cause

Correction

Lack of
Engine Power

Malfunction of
Fuel System

Clogged fuel pipe.

Clean the pipe.

Clogged or contaminated fuel
filter.

Replace the filter.

ASSY

Others Clogged exhaust system. Check and repair the system.
Clogged or contaminated air Clean or replace the air cleaner
cleaner element. element.
Leak of the intake manifold Replace the gasket.
gasket.
Dragging brakes. Repair or replace the brakes.
Rough Engine | Decline of Refer to “Compression Pressure Refer to “Compression Pressure
Idling Compression Test”. Test”.
Pressure

Malfunction of
Fuel System

Clogged fuel pipe.

Clean the pipe.

Clogged or contaminated fuel
filter.

Replace the filter.

Malfunction of the fuel pressure
regulator.

Replace the regulator.

Malfunction of
Ignition System

Malfunction of the spark plug.

Adjust or replace the spark plug.

Electric leakage or poor connec-
tion of the high tension cable.

Connect the cable correctly or
replace it.

Poor ignition timing.

Adjust the ignition timing.

Malfunction of the ignition coil.

Replace the ignition coil.

Others Clogged or contaminated air Clean or replace the air cleaner
cleaner element. element.
Leak of the intake manifold Replace the gasket.
gasket.
Poor connection or damage or Connect the hose correctly or
leakage of the vacuum hose. replace it.
Engine Hesi- Decline of Refer to “Compression Pressure Refer to “Compression Pressure
tate (Upon Compression Test”. Test”.
pressing Pressure
ac(cje'le“’;‘]“”g Malfunction of Poor ignition timing. Adjust the ignition timing.
edal, the - - .
zngine makes Ignition System Poor spark plug or Poor adjust- Replace the plug or adjust the
delayed ment of the plug gap. gap.
response This Electric leakage or poor connec- Connect the cable correctly or
situation is tion of the high tension cable. replace it.
remarkable Others Malfunction of the air cleaner Clean or replace the air cleaner

when cruising
or starting.)

system.

system.

Leak of the intake manifold
gasket.

Replace the gasket.
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GENERAL DIAGNOSIS (Cont’'d)

Condition

Probable Cause

Correction

Engine Surging
(Engine power
makes
fluctuation in a
fixed speed
and speed
changes
without
operating the
accelerating

Decline of
Compression
Pressure

Refer to “Compression Pressure
Test”.

Refer to “Compression Pressure
Test”.

Malfunction of
Fuel System

Clogged fuel pipe.

Clean the pipe.

Clogged or contaminated fuel
filter.

Replace the filter.

Malfunction of the fuel pressure
regulator.

Replace the fuel pressure
regulator.

Malfunction of

Malfunction of the spark plug.

Adjust or replace the spark plug.

pedal.) Ignition System Electric leakage or poor Connect the cable correctly or
connection of the high tension replace it.
cable.
Poor ignition timing. Adjust the ignition timing.
Others Leak of the intake manifold Clean or replace the gasket.
gasket.
Leakage of the vacuum hose. Connect the hose correctly or
replace it.
Excessive Overheated Refer to “Overheat” in this page. Refer to “Overheat” in this page.
Detonation Engine
(According to | Malfunction of Abnormal spark plug. Replace the spark plug.
:Zigoeps?mg Fuel System Poor ignition timing. Adjust the ignition timing
Malfunction of Electric leakage or poor connec- Connect the cable correctly or
metallic is tion of the high tension cable. replace it.
made with Malfunction of Clogged or contaminated fuel Clean or replace the fuel filter and
abnormal Ignition System filter and fuel pipe. the fuel pipe.
explosion ) Others Leak of the intake manifold Replace the gasket.
gasket.
Excessive carbon deposit due to Remove the carbon.
abnormal combustion.
Overheat Malfunction of Lack of coolant. Refill coolant.

Cooling System

Malfunction of the thermostat.

Replace the thermostat.

Malfunction of the cooling fan.

Check or replace the cooling fan.

Poor water pump performance.

Replace the pump.

Clogged or leaky radiator.

Clean, repair or replace the
radiator.

Malfunction of

Poor engine oil.

Replace engine oil with the

Lubrication specified one.
System Blocking oil filter or strainer. Clean or repair the oil filter or the
strainer.
Lack of engine oil. Refill oil.
Poor oil pump performance. Replace or repair the pump.
Other Leakage of oil Repair.

Damaged cylinder head gasket.

Replace the gasket.

ENGINEASSEMBLY
KYRON SM - 2005.09
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GENERAL DIAGNOSIS (Cont’d)

Condition Probable Cause Correction
Poor Fuel Decline of Refer to “Compression Pressure Refer to “Compression Pressure
Consumption | Compression Test”. Test".
Pressure

ASSY

Malfunction of
Fuel System

Leakage of the fuel tank or the
fuel pipe.

Repair or replace the fuel tank or
the fuel pipe

Malfunction of
Ignition System

Improper ignition timing.

Adjust the ignition timing.

Abnormal spark plug
(Excessive carbon deposit,
inadequate gap, burnt electrode).

Replace the plug.

Electric leakage or poor
connection of the high tension
cable.

Connect the cable normally or
replace it.

Malfunction of
Cooling System

Malfunction of the thermostat.

Repair the thermostat.

Others

Improperly installed valve.

Repair or replace the valve.

Low pressure of tires.

Adjust the pressure of tires.

Excessive Leakage of Loosened oil drain plug. Tighten the plug.
Consumption | Engine Oil Loosened oil pan bolt. Tighten the bolt.
of Engine Ol Loosened oil filter. Tighten the filter.
Loosened oil pressure switch. Tighten the switch.
Leakage of camshaft front oil seal. Replace the seal.
Leakage of crankshaft front oil seal. Replace the seal.
Leakage at the cylinder head Replace the gasket.
cover gasket.
Damage of the cylinder head Replace the gasket.
gasket.
Oil Mixing in Stuck piston ring. Remove carbon and replace the
Combustion ring.
Chamber Worn piston or cylinder. Replace the piston or the
cylinder.
Worn piston ring or ring groove. Replace the piston or ring.
Inadequate position of the piston Adjust the position.
ring cutting part.
Abrasion or damage of the valve Replace the valve system.
system.
Low Qil Malfunction of Inadequate oil viscosity. Replace with the specified one.
Pressure Lubrication Loosening of the oil pressure Tighten the switch.
System switch.

Lack of engine oil.

Refill oil.

Blocking oil strainer.

Clean the strainer.

Lowered function of the oil pump.

Replace the pump.

Abrasion or damage of the oil
pump relief valve.

Replace the valve.
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GENERAL DIAGNOSIS (Cont’d)

Condition

Engine Noise

Probable Cause Correction
Valve Noise Inadequate valve clearance Adjust the valve clearance.
Abrasion of valve stem or guide. Replace the valve stem or the
guide.
Weak valve spring. Replace the spring.
Piston, Ring, Abrasion of the piston, the ring or Boring the cylinder or replace the

Cylinder Noise

the cylinder.

piston, the ring or the cylinder.

Connecting Rod
Noise

Abrasion of the connecting rod
bearing.

Replace the bearing.

Loosened the connecting rod nut.

Tighten to the specified torque

Crankshaft
Noise

Abrasion of the crankshaft
bearing.

Replace the bearing.

Abrasion of the crankshaft
journal.

Grind or replace the crankshaft
journal.

Loosened bearing cap bolt.

Tighten to the specified torque.

Excessive clearance of the
crankshaft thrust bearing.

Adjust or replace.

Low oil pressure.

Refer to “Low Oil Pressure” in
this section.

ENGINEASSEMBLY
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DIAGNOSTIC INFORMATION AND PROCEDURE

OIL LEAK DIAGNOSIS

Most fluid oil leaks are easily located and repaired by
visually finding the leak and replacing or repairing the
necessary parts. On some occasions a fluid leak may
be difficult to locate or repair. The following procedures
may help you in locating and repairing most leaks.

» Finding the Leak

1. Identify the fluid. Determine whether it is engine oll,
automatic transmission fluid, power steering fluid,
etc.

2. ldentify where the fluid is leaking from.

1) After running the vehicle at normal operating
temperature, park the vehicle over a large sheet
of paper.

2) Wait a few minutes.

3) You should be able to find the approximate
location of the leak by the drippings on the paper.

3. Visually check around the suspected component.
Check around all the gasket mating surfaces for
leaks. A mirror is useful for finding leaks in areas
that are hard to reach.

4. Ifthe leak still cannot be found, it may be necessary
to clean the suspected area with a degreaser,
steam or spray solvent.

1) Cleanthe areawell.
2) Drythe area.

3) Operate the vehicle for several miles at normal
operating temperature and varying speeds.

4) After operating the vehicle, visually check the
suspected component.

5) If you still cannot locate the leak, try using the
powder or black light and dye method.

» Powder Method

1. Cleanthe suspected area.

2. Apply an aerosol-type powder (such as foot powder)
to the suspected area.

3. Operate the vehicle under normal operating
conditoins.

4. Visually inspect the suspected component. You
should be able to trace the leak path over the white
powder surface to the source.

» Black Light and Dye Method

A dye and light kit is available for finding leaks, Refer to
the manufacturer’s directions when using the kit.

1. Pour the specified amount of dye into the engine oil fill
tube.

2. Operate the vehicle normal operating conditions as
directed in the kit.

3. Direct the light toward the suspected area. The dyed
fluid will appear as a yellow path leading to the source.

» Repairing the Leak

Once the origin of the leak has been pinpointed and traced
back to its source, the cause of the leak must be deter-
mined in order for it to be repaired properly. If a gasket is
replaced, but the sealing flange is bent, the new gasket
will not repair the leak. The bent flange must be repaired
also. Before attempting to repair a leak, check for the
following conditions and correct them as they may cause
aleak.

» Gaskets

1. The fluid level/pressure is too high.
The crankcase ventilation system is malfunctioning.

3. The fasteners are tightened improperly or the threads
are dirty or damaged.

4. The flanges or the sealing surface is warped.

5. There are scratches, burrs or other damage to the
sealing surface.

n

6. The gasket is damaged or worn.
7. Thereis cracking or porosity of the component.
8. Animproper seal was used (where applicable).

Seals
The fluid level/pressure is too high.

The crankcase ventilation system is malfunctioning.
The seal bore is damaged (scratched, burred or nicked).
The seal is damaged or worn.

Improper installation is evident.

There are cracks in the components.

The shaft surface is scratched, nicked or damaged.

© N o gk wDd R

A loose or worn bearing is causing excess seal wear.
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COMPRESSION PRESSURE TEST

The compression pressure test is to check the conditions of internal components (piston, piston ring, intake and
exhaust vale, cylinder head gasket). This test provides current engine operating status.

Al NoTicE

« Before cranking the engine, make sure that the test wiring, tools and persons are keeping away from
moving components of engine (e.g., belt and cooling fan).

* Park the vehicle on the level ground and apply the parking brake.
* Do not allow anybody to be in front of the vehicle.

» Specifications

Compression ratio 18:1
Test temperature at normal operating temperature (80°C)
Compression pressure Normal value 32 bar
Minimum value 18 bar
Permissible pressure difference between individual cylinders Max. 3 bar
ENGINEASSEMBLY CHANGED BY
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» Measuring Procedure

A\ NoTice

» Disconnect the fuel rail pressure sensor connector to cut off the fuel injection.
« Discharge the combustion residues in the cylinders before testing the compression pressure.
« Apply the parking brake before cranking the engine.

ASSY

1. Warm the engine up to normal operating temperature
(80°C).

2. Disconnect the fuel rail pressure sensor connector to
cut off the fuel injection.

3. Place the diagram sheet to compression pressure
tester.

4. Remove the glow plugs and install the compression
pressure tester into the plug hole.

Tightening torque (Tester) 15Nm

5. Crank the engine for approx. 10 seconds by using the ‘ /
start motor. \

6. Record the test result and measure the compression
pressure of other cylinders with same manner.

7. Ifthe measured value is not within the specifications,
perform the cylinder pressure leakage test.

CHANGED BY ENGINE ASSEMBLY
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CYLINDER PRESSURE LEAKAGE TEST

If the measured value of the compression pressure test is
not within the specifications, perform the cylinder pres-
sure leakage test.

» Permissible Pressure Leakage

Test temperature at normal operating temperature (80°C)
At whole engine Max. 25 %
At valve and cylinder head gasket Max. 10 %
At piston ring Max. 20 %

Al NoTice

» Perform the pressure leakage test in order ( D20DT: 1-2-3-4
D27DT:1-2-3-4-5)
« Do not test the cylinder pressure leakage with wet type test procedure. (do not inject the engine oil into the
combustion chamber)

ENGINE ASSEMBLY CHANGED BY
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TIGHTENING TORQUE

NO. Name Size Quantity Tightening Torque (Nm)
1 Oil nozzle M6 x 22 5 10+1
>
_ _ 55+5 n
2 Main bearing cap M11 x 62 12 n
90° £ 10° <
405
3 Connecting rod cap M9 x 52 5
90° £ 10°
Rear cover M6 x 20 6 10+1
Oil pump M8 x 35S0C 3 25+25
6 Qil baffle plate assembly M6 x 20 10 101
M6 x 16 1 101
M6 x 40 6 10+1
7 | T.G.C.C M6 x 60 3 10+1
M6 x 70 2 10+1
M8 x 80SOC 1 25+25
45+5
8 Flywheel M10 x 28.5 8
90°+ 10°
M20 x 85 200+ 20
9 Crankshaft hub 1
Head: M18 180°+10°
M6 x 20 24 10+1
) M6 x 35 3 10+1
10 | Qil pan
M6 x 85 3 10+1
M8 x 40 4 25+25
11 | High pressure pump assembly M8 x 40 4 2525
12 | High pressure pump sprocket assembly M14x1.5-8-1 1 65+5
13 | High pressure pump bracket M7 x 16 3 20+ 2x90° + 10°
M8 x 25 2
25+ 25
M8 x 50 2
14 | Cylinder head assembly Stepl: 20 £ 2
M12 x 177 11
Step2: 85+ 5
M12 x 158 1 Step3: 3 x 90° + 10°
15 | Camshaft cap M8 x 60 24 25+25
16 | Stud bolt M8 10 15+15
Camshaft sprocket (Intake) 1 25+25
17 M11 x 52
Camshaft sprocket (Exhaust) 1 90° £+ 10°
18 | Chain tensioner M22 1 65+5
19 | Coolant temperature sensor M14 1 22+22
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NO. Name Size Quantity Tightening Torque (Nm)
_ M8 x 45(LOWER) 1 32+3
20 | Auto tensioner
M12 x 90 1 82+6
21 | Water pump assembly M6 x 50 7 101
22 | Water pump pulley M6 x 12 4 10+1
23 | Hot water inlet pipe assembly M6 x 12 2 10+1
24 | Alternator bracket M8 x 32 4 25%+25
25 | Alternator M10 x 90 2 46 + 4.6
26 | Air conditioner compressor assembly M8 x 95 4 46 + 4.6
7 Air conditioner compressor bracket M8 x 25 1 25+25
assembly M8 x 60 3 25+25
o8 Air conditioner compressor sub M6 x 14 1 10+£1.0
bracket assembly M8 x 16 1 25+25
M8 x 45 6 25+25
29 | Intake manifold
M8 x 130 6 25+25
30 | Bracket M6 x 16 1 10+£1.0
31 | Knock sensor M8 x 28 2 20+ 2.6
32 | Camshaft position sensor M8 x 16 1 12+1.7
33 | Booster pressure sensor M6 x 16 2 10+1.0
34 | Exhauster manifold M8 10 404
35 | Turbo charger assembly M8 4 25+25
36 | Turbo charger adaptor piece 1 32+3.2
37 | Nut M8 1 25+25
38 | Combination bolt M8 x 22 1 2525
) ) M6 X 16 (Cylinder block side) 1 2525
39 | T/C oil supply pipe -
M16 (T/C side) 1 20+ 2.0
_ ) M6 x 16 (T/C side) 2 10+1.0
40 | T/C oil return pipe
M6 X 16 (Cylinder block side) 2 10+ 1.0
41 | EGR valve assembly M8 x 22 2 25%+25
M6 x 16 2 10+1.0
42 | EGR-LH pipe bolt
M8 x 22 2 35+2.0
M6 x 16 4 10+ 1.0
EGR combination bolt
43 M8 x 16 4 25+25
EGR-RH pipe nut M8 2 35+2.0
44 | Glow plug cable nut M5 5 15+3
45 | Vacuum pump M6 x 20 3 10+1.0
M6 x 25 5 10+1.0
46 | Cooling fan bracket assembly M6 x 65 1 10+£1.0
M6 x 85 3 10+1.0
47 | Cylinder head cover M6 x 35 21 23+23

ENGINEASSEMBLY
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NO. Name Size Quantity Tightening Torque (Nm)
48 | Vacuum modulator M6 x 16SOC 4 10+ 1.0
49 | WDT combination bolt M6 x 16 3 10+ 1.0
50 | Oil dipstick tube M6 x 16 1 10+1.0 >
n
M8 x 35S0C 1 25+25 <</(7
51 | Qil filter assembly M8 x 50SOC 2 25+25
M8 x 55S0C 1 25+25
52 | Fuel rail assembly M8 x 35S0C 3 25+25
) 10+1.0
53 | Injector clamp washer M6 x 60 5
180 + 20°
Fuel pipe clip (H-C) M6 x 19 1 10+£1.0
55 | Fuel pipe clip (C-I) M6 x 16 5 10+1.0
56 | Crankshaft position sensor M5 x 17 1 08+04
57 | Crankshaft position sensor GAP - 0.7 ~ 1.5 mm
58 | Wiring M6 x 16 5 10+1.0
M8 x 16 2 25+25
59 | Intake manifold bracket
M8 x 40 2 25+25
) M8 x 100 2 25+25
60 | Power steering pump
NUT 2 25+25
61 | Piston protrusion - - 0.765 ~ 1.055 mm
Clearance between connecting rod
62 ) - - 0.05 ~ 0.31 mm
and pin boss
63 | End play of crankshaft NEW: 0.100 ~ 0.245 mm // USED: 0.300 mm

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN

ENGINE ASSEMBLY
KYRON SM - 2005.09



26 |01 KYTROIN

REMOVAL AND INSTALLATION OF ENGINE

REMOVAL AND INSTALLATION OF ENGINE ASSEMBLY

» Removal

Preceding Work

1. Disconnect the negative
battery cable.

2. Drain the engine coolant.

—| Summary of Engine Removal I

Remove the engine accessories, front
bumper and radiator. Unscrew the
engine mounting bolts (17 mm) at
both sides and remove the engine
assembly.

ENGINE ASSEMBLY CHANGED BY
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» Removal and Installation

Preceding Work

1. Disconnect the negative battery cable and remove the skid plate under the engine compartment.

ASSY

Installation Notice

Tightening torque 12+1.2Nm

e Wi

i’ Remove the Skid Plate

Disconnect the Negative Battery Cable |

2. Drain the engine coolant.

Al NoTice

» Use only the designated container to collect the coolant. Store it in a safe place and observe the regulation
when disposing.
* Useonly Ssangyong genuine engine coolant when refilling.

CHANGED BY ENGINE ASSEMBLY
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3. Remove the transmission and transfer case assembly.
Be careful not to spill the oil from the oil lines when disconnecting them in the vehicle with automatic transmission.

Vehicle with Automatic Transmission

ENGINE ASSEMBLY CHANGED BY
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5. Remove the coolant reservoir (A), coolant return hose (B) and air cleaner front air duct (C).

—| A. Coolant Reservoir

Unscrew the mounting bolts (10 mm), dis-
connect the return/supply hoses, and re-
move the coolant reservoir.

g

B. Return Hose and Pipe |7 C. Air Cleaner Front Duct

Release the clamps on the reservoir and Unscrew the mounting bolts (10 mm), re-
radiator and remove the return hose and lease the hose clamps, and remove the
pipe. air cleaner front duct.

SENSOR [conTrRoL] FUEL |cooLing “EXHAUST INTAK E | HOUSING ﬁ GENERAL
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ENGINE ACCESSORIES

Remove/disconnect the accessories as below (no specific sequence):

Air cleaner, Intake Hose, HFM Sensor Engine Main Wiring Connector Intercooler Hose and Coolant Hose

ENGINE ASSEMBLY CHANGED BY
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Vacuum Hose in Booster and Fuel
Filter Hose

Radiator Upper Hose Preglow Connector in Preglow Re-
lay

A/C Compressor Connector and Inlet/
Outlet Pipes

Power Steering Pump Assembly

CHANGED BY
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ENGINE MOUNTINGS AND OTHER ACCESSORIES

1. Remove all engine accessories and hook the chains on the engine lifting bracket.

2. Unscrew the exhaust manifold mounting
nuts (13 mm).

L R

R
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4. Remove the right mounting insulator. (However, unscrew the right mounting bolt and raise
the engine assembly slightly)

"t

Front Englne Lifting Bracket

Tlghtenlng torque 18 27 Nm

SENSOR [conTrRoL] FUEL |cooLing “EXHAUST INTAK E | HOUSING ﬁ GENERAL

6. Disconnect the transmission oil pipes from the engine.
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7. Unscrew the engine mounting bolts (19 mm) at both sides and remove the engine assembly with a hoist or
engine jack.

N . {1
| 1 t i =
' RH Mounting Bolt g

B
4
/s 1

8. Install in the reverse order of removal.
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» Cautions When Installing the Engine

Installation of Intercooler Hose

Securely tighten the hose clamps when installing the air cleaner duct, turbo charger and intercooler.

1. Symptom

Lack of power, smoke, abnormal noise (hissing)
when acceleration

2. Cause
Loose clamp due to turbo charger pressure

. Action

1) Check the clamp for looseness and the
intercooler for leakage.

2) Keep the specified tightening torque with the
designated tools.
3) Never use a screwdriver to tighten the clamps.

It may cause looseness of clamps while
driving at high speed.

Tightening torque 6 ~7Nm

CHANGED BY
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REMOVAL AND INSTALLATION OF ENGINE OIL PAN

% Preceding Work: Remove the front axle assembly and drain the engine coolant.

A\ NoTice

* For removing the oil pan, unscrew the engine mounting bolts and raise the engine assembly slightly. Otherwise,
the oil strainer gets interfered with frame.

« Do not excessively raise the engine assembly. It may damage the pipes, hoses and wiring harnesses.

1. Unscrew the engine mounting bolts and raise the engine assembly slightly.

-_-_f..a S

LH Mounting Bolt

Lol

Tightening torque: 70 £ 7.5 Nm

Tightening torque:M6 bolt (10 Nm + 1)
M8 bolt (25 Nm * 1)

ENGINE ASSEMBLY CHANGED BY
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3. Lower the engine oil pan and remove the oil pump assembly with oil pan. At this moment, the oil pan rests on the
axle housing and front sub frame.

—I Oil Pump Location I

Qil strainer

Hex bolt 1 for
oil pump

Qil pump

Hex bolt 2 for
oil pump

Baffle plate

Hex bolt 3 for
oil pump

Hex bolt oil pump
Tightening torque: 25 £ 2.5 Nm

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN




38 |01

KYTROIN
DISASSEMBLY AND REASSEMBLY
COMPONENTS AND SPECIAL TOOLS
» D20DT Engine
oo || oneaiae " || Fuet Pipe wrenen | [ Sedg Cape
? ..j - ¢
T

Injector Copper Washer Puller
Y99220022B

Valve Remover/Installer Pulley Lock/Wrench
Y99220082B ‘ Y99220052B _
3 Ty

Engine Lock
602 589 00 40 00
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» D27DT Engine

>
(%)
7]
<
Injector Puller Glow Plug Wrench . Sealing Caps
Y99220072B Y99220132B Fuel Pipe Wrench 665 995 5844
0 =,
"if -
"'l‘. 3 a= 0
]
Injector Copper Washer Puller
Y99220022B
Engine Lock

Valve Remover/Installer Pulley Lock/Wrench HP Pump Lock HP Pump Bearing Puller
Y99220082B Y99220052B Y¥99220102B Y99220032B
_Ad ey , ' 'L

CHANGED BY ENGINE ASSEMBLY
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INSPECTION BEFORE DISASSEMBLY AND REASSEMBLY

Preparations and Preceding Works

1. Remove the cylinder block drain plug and seal and completely drain the residual coolant from the cylinder block.
Installation Notice

Tightening torque 30 Nm

Replace the seal with new one once removed.

2. When the fan belt is installed, gently pump the belt
shock absorber mounting bolt (M19) 3 times.

3. Take off the fan belt while pushing the mounting bolt
(M19).

4. Loosen the oil drain plug and completely drain the engine oil.
Installation Notice

Tightening torque 25+ 2.5 Nm

ENGINE ASSEMBLY CHANGED BY
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ENGINE ACCESSORIES

» D20DT Engine

PCV valve and oil
separator

Turbo charger

EGR pipe
(LH, Center, RH)

Cooling fan clutch

«—— Auto tensioner

! Alternator

Power steering
pump

Air conditioner
compressor

Fuel return hose
EGR valve

Cable and connector

SR
~J

Qil filter assembly

Start motor

Mounting bracket

CHANGED BY
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» D27DT Engine

PCV valve and oil EGR valve pipe
separator (LH, Center, RH)

Power steering pump

Turbo charger

Cooling fan clutch

Auto tensioner

Alternator

Fuel return hose

Cable and connector

Qil filter assembly

EGRvalve

Air conditioner
compressor

Start motor

Mounting bracket

ENGINE ASSEMBLY CHANGED BY
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The engine accessories can be removed without any specific order. In general, remove the components from
top to bottom. However, be careful not to splash the lubricants to engine and body when disassembly.
Especially, avoid getting into other components.

ASSY

» Removal and Installation Order of Major Accessories

1) Camshaft Position Sensor
2) Crankshaft Position Sensor

3) Injector Fuel Line Connector
4) Glow Plug Connector

1. Vacuum Modulator

2. Engine Cables and Connectors 5) Fuel Return Hose
6) High/Low Pressure Hoses in HP Pump

7) Ground Cables
8) Fuel Pressure Sensor Connector

3. Fuel Hoses 9) Booster Pressure Sensor Connector

10) Knock Sensor Connector
11) Coolant Temperature Sensor Connector

&l <=

12) HP Pump: Fuel Temperature Sensor (Green)
3-1. EGR Valve Assembly IMV (Brown)

-

4. Ol Filter Assembly

-

4-1. Belt Tensioning Assembly

-

5. Power Steering Pump Assembly

-

6. Air Conditioner Compressor Assembly

-

7. PCV Valve Assembly + Oil Dipstick Tube

-

8. Turbo Charger ::> Alternator Assembly
CHANGED BY ENGINE ASSEMBLY
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1. Remove the fuel pipes.
1) Remove the fuel supply pipes between each cylinder and common rail with a special tool.

Installation Notice

Tightening torque 40 £ 4.0 Nm

Al NoTice

« Plug the openings of injector nozzle and common rail with sealing caps after removed the fuel pipes.
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Al NoTice

* Replace the pipes with new ones. Be careful not to be mixed the fuel pipes because the pipe appear-
ance of D27DT (#1 and #3 cylinders and #2 and #4) are same each other.

77]

2) Remove the high fuel pressure pipe mounting bolts with a special tool.
« High fuel pressure supply pipe at common rail side

Installation Notice

Tightening torque 40 £ 4 Nm

CHANGED BY ENGINE ASSEMBLY
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3) High fuel pressure supply pipe at HP pump side

Installation Notice

Tightening torque 40 £ 4.0 Nm

4) Unscrew the bracket mounting bolts and remove
the high fuel pressure supply pipes.

NOTE
« Special tool: Fuel pipe remover and installer

ENGINEASSEMBLY
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2. Disconnect the vacuum hoses and module cables from the vacuum modulator.

Al NoTice

¢ Put the installation marks on the modulator hoses and connectors.

ASSY

D20DT
Turbo charger

booster vacuum
modulator

To turbo
charger
booster

EGR booster vacuum
modulator

D27DT

Turbo charger
booster vacuum
modulator

EGR booster
vacuum modulator

To turbo charger
booster

To EGR valve

1) Remove the vacuum modulator bracket.
(Upper: 10 M x 2, Lower: 10M x 2)

Installation Notice

Upper bolt 25+ 2.5 Nm

Lower bolt 25+ 25 Nm

ENGINE ASSEMBLY
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3. Disconnect the wiring harnesses and connectors from the engine.

» D20DT Engine

Injector Fuel Line
Connector
= ‘\

Fuel Return Hose Glow Plug Connector

Crankshaft Position
Sensor

Camshaft Position
Sensor

HP Pump Connector Oil Pressure Switch

Fuel temperature
Sensor

IMV

Coolant Temperature Fuel Pressure Sensor Booster Pressure
Sensor Connector Connector Sensor Connector

ENGINE ASSEMBLY CHANGED BY
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» D27DT Engine

Injector Fuel Line

Fuel Return Hose
Connector

Glow Plug Connector

Camshaft Position Crankshaft Position
Sensor Sensor

HP Pump Connector Oil Pressure Switch

Fuel temperature
Sensor

IMV

Coolant Temperature Booster Pressure Fuel Pressure Sensor
Sensor Connector Sensor Connector Connector

L~ -

Knock Sensor Connector

CHANGED BY ENGINE ASSEMBLY
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1) Remove the cable assembly from the engine.

AL MPORTANT

« If possible, remove the cables after removing the fuel pipes. It makes the operation easier and protect
the cables and connectors.

AL MPORTANT

* Remove the cable screws and ground cable, and then remove the engine cable assembly.

Al NoTice

< Be careful not to damage the HP pump connecting pipe (venturi) while removing the fuel hose from the HP pump.

4. Disconnect the high and low fuel pressure hoses from
the HP pump.

Al NoTice

e Be careful not to damage the hose connections.

e Plug the openings in HP pump immediately after
disconnecting the hoses.
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5. Remove the EGR valve and EGR valve pipe.
1) Disconnect the vacuum hose from the EGR valve.
2) Unscrew the EGR valve bolts and EGR #1 pipe connecting bolts and remove the EGR valve and steel gasket.

Installation Notice D20DT D27DT >
(7]
EGR valve bolt 10+ 1.0 Nm, M6 24 + 2.4 Nm, M8 2
EGR valve and
. 10+ 1.0 Nm, M6 24 + 2.4 Nm, M8
center pipe bolt

3) Remove the EGR valve #1 pipe.

Installation Notice

Center pipe mounting bolt 25+ 2.5Nm
Center pipe and #1 pipe 35+ 3.5 Nm
bolt and nut

e The EGR #2 pipe should be replaced with new one.
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4) Unscrew the EGR valve #3 pipe (2) mounting bolts
and remove the pipe from the exhaust manifold.

Installation Notice

Tightening torque Nut 35 £ 3.5 Nm
Bolt 10 + 1.0 Nm

e The EGR #3pipe should be replaced with new
one.

» Make surethat the convex surface of new steel
gasket is facing to the bolts.

6. Remove the oil filter assembly.
1) Remove the oil cooler hose.

2) Remove the oil filter assembly mounting bolts.

A\ NoTice

* Be careful not to flow out the residual oil from the
engine. If flown out, immediately wipe it out.

3) Remove the oil filter assembly from the cylinder
block.

Installation Notice
* Replace the oil filter gasket with new one.

Tightening torque 25+ 2.5 Nm

ENGINEASSEMBLY
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7. Remove the belt tensioning device.
1) Remove the shock absorber lower mounting bolt.

Installation Notice

Tightening torque 32+ 3 Nm

ASSY

2) Remove the shock absorber upper mounting bolt.

Installation Notice

Tightening torque 82+ 6 Nm

3) Remove the belt tensioning device.

Al NoTICE

« To prevent the oil leaks, store the removed shock
absorber assembly with standing up.

» For air bleeding, pump the shock absorber around
3times after installation.

» Be careful not to damage the rubber parts of the
shock absorber when removing.

» To prevent the oil leaks, remove the bolts from bot-

tom to top section. On the contrary, when installing,
tighten the bolts from top to bottom section.
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8. Remove the power steering pump assembly.
1) Remove the power steering pump mounting bolts.

Installation Notice

Tightening torque 25+ 2.5 Nm

* Be careful not to flow out the oil.

2) Remove the power steering pump assembly from
the engine.

Al NoTice

» To prevent the oil leaks, store the removed power
steering pump assembly with standing up.

9. Remove the air conditioner compressor assembly.

1) Unscrew the bolts and remove the air conditioner
compressor assembly.

Installation Notice

Tightening torque 25+ 2.5 Nm

2) Unscrew the bolts and remove the air conditioner
mounting bracket.

Installation Notice

Front bolt 25+ 2.5 Nm
Side bolt 25+ 2.5 Nm

ENGINEASSEMBLY
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10. Remove the PCV valve assembly.
1) Remove the PCV valve hose.

2) Remove the PCV valve hose connected to the
engine oil hose.

3) Unscrew the PCV valve mounting bolts and
remove the PCV valve assembly.

Installation Notice

Tightening torque 10 1.0 Nm

11. Remove the oil dipstick tube assembly.

Unscrew the bracket bolts and remove the dipstick
tube with O-ring.

A\ NoTICE

* Insert new O-ring into the oil dipstick tube before
installation.

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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Installation Notice

Tightening torque 10 £ 1.0 Nm
D20DT — b ol
.h:-l LS I T
_u_.f_-i-‘*j &

5 )

12. Remove the turbo charger assembly. Installation Notice
1) Unscrew the bolts and remove the oil supply pipe. Upper bolt (M19) 25 + 2.5 Nm
Lower bolt (M17) 20+ 2.0 Nm

2) Unscrew the bolts and remove the oil return pipe. Installation Notice
» Make sure to install the gasket with correct direction.

Tightening torque 10 £ 1.0 Nm

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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3) Unscrew the turbo charger mounting bracket bolts.

Installation Notice

Tightening torque 25+ 2.5Nm

4) Unscrew the turbo charger mounting bolts to exhaust manifold.

Installation Notice
Al NoTice
Tightening torque 25+ 2.5Nm

* Useonly 12 1/2 wrench.

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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5) Remove the turbo charger assembly.

D20DT

13. Remove the alternator assembly.
1) Unscrew the bolts and remove the alternator.

A\ NoTice

¢ Alternator Capacity: 140 A

Installation Notice

Tightening torque 46 + 4.6 Nm

2) Remove the alternator mounting bracket.

Installation Notice

M13 bolt 25+ 2.5 Nm
Torx 6 bolt 25+ 25 Nm

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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ENGINE OVERHAUL

1. Unscrew the injector nozzle holder bolts (12-sided)
and remove the injector bracket.

Installation Notice

9+ 1.0 Nm,

Tightening torque
g g ford 190° + 10°

2. Remove the injectors with a injector extractor (special
tool).

Al NoTice

« Be careful not to take off the sealing caps on the
injectors and fuel system.

* Replace the copper washers with new ones when
installing.

3. Ifthe copper washer is in injector hole, remove it with a special tool as shown in the figure.

ENGINE ASSEMBLY

CHANGED BY
EFFECTIVE DATE KYRON SM - 2005.09
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4. Remove the glow plugs with a special tool.

Installation Notice

Tightening torque 15 ~ 18 Nm

5. Unscrew the Torx bolts and remove the common rail from the engine.

Installation Notice

Tightening torque 25+ 2.5 Nm

A\ NoTice

¢ Plug the openings with sealing cap.

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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6. Remove the booster sensor from the engine.

Installation Notice

Tightening torque 10 £ 1.0 Nm

7. Unscrew the bolt and remove the camshaft position
sensor.

Installation Notice

Tightening torque 12 £ 2 Nm

Apply Loctite on the thread before installation.

8. Unscrew the bolts and remove the cooling fan pulley
while holding it with a special tool.

Installation Notice

Tightening torque 10 £ 1.0 Nm

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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9. Remove the cooling fan beltidle pulley while holding
it with a special tool.

Installation Notice

Tightening torque 10 £ 1.0 Nm

10. Unscrew the bolts and remove the cooling fan
bracket assembly (timing chain cover).

Installation Notice

Tightening torque 10 £ 1.0 Nm

11. Unscrew the bolts and remove the cylinder head cover.

Installation Notice

Tightening torque 10 £ 1.0 Nm

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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12. Turn over the engine and remove the oil pan.

Installation Notice ( ): D27DT
Tightening torque Nm
M6 x 20: 24 EA 10+1.0
M6 x 35: 3 (2) EA 10£1.0
M6 x 85: 3 (2) EA 10£1.0
M8 x 40: 4 EA 25+25

Al NoTice

* Remove the oil seal residues from the oil pan and
apply the liquid gasket on the parting surface.

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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13. Unscrew the nuts and remove the exhaust manifold.

Installation Notice

Tightening torque 40 + 4.0 Nm

Al NoTice

« The exhaust manifold gasket is removed along with the exhaust manifold. Mark the installation direction to
prevent wrong installation. Otherwise, it may cause a sealing trouble.

14. Unscrew the bolts and remove the thermostat.

Installation Notice

Tightening torque 10 £ 1.0 Nm

e Be careful not to flow out the residual coolant.

15. Unscrew the bolts and remove the water pump.

Installation Notice

Tightening torque 10 £ 1.0 Nm

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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16. Unscrew the bolts and remove the water pump
housing.

Installation Notice

Tightening torque 10 £ 1.0 Nm

e Be careful not to flow out the residual coolant.

17. Unscrew the bolts and remove the coolant inlet port from the intake manifold.

Installation Notice

Tightening torque 25+ 2.5Nm

e Be careful not to get the coolant into the intake manifold and engine.

ot RS

D27DT |

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
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18. Unscrew the bolts and remove the intake manifold assembly.

Installation Notice

Tightening torque 25+ 2.5Nm

Al NoTice

* Replace the gasket with new one once removed.

19. Remove the vacuum pump from the cylinder head.

Installation Notice

Tightening torque 10 £ 1.0 Nm

20. Install the engine lock (special tool) onto the flywheel
ring gear so that the engine will not rotate.

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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21. Remove the chain tensioner.

% Preceding Works: removal of EGR pipe and oll
dipstick tube

Installation Notice

Tightening torque 65+ 5.0 Nm

22. Pull out the lock pin and remove the upper chain
guide bracket.

23. Unscrew the bolt and remove the intake camshaft
sprocket.

Installation Notice

25+ 2.5 Nm,
90°+10°

Tightening torque

24. Unscrew the bolt and remove the exhaust camshaft
sprocket.

Installation Notice

25+ 2.5 Nm,

Tightening torque
90° £ 10°

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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25. Remove the camshaft bearing cap bolts so that the tightening force can be relieved evenly.
D20DT -« Intake: #6, #8, #10 D27DT -« Intake: #7, #10, #12
» Exhaust: #1, #3, #5 o Exhaust: #1, #4, #6
However, there is no specific removal sequence.

D20DT Exhaust
| o

Intake

D20DT -« Intake: #7,#9 D27DT -« Intake: #8, #9, #11

» Exhaust: #2, #4 * Exhaust: #2, #3, #5
Do not remove the bolts at a time completely. Remove them step by step evenly or camshaft can be seriously
damaged.

Installation Notice

Tightening torque 25+ 2.5Nm

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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26. Remove the intake and exhaust camshafts from the cylinder head.

D27DT |

27. Remove the finger follower and the HLA device.

Al NoTICE

« Avoid contact with hot metal parts when removing the HLA device immediately after stopping the engine.
» Be careful not to be contaminated by foreign materials.
» To prevent the oil leaks, store the removed finger follower and HLA device with standing up.

If the HLA can be easily pressed in by hand, it indicates the oil inside of HLA has been flown out. In this case,
replace it with new one.

28. Pull out the pin and remove the timing chain guide
from the engine.

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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29. Remove the cylinder head bolts according to the numerical sequence.

Installation Notice

Tightening torque Nm
M8 x 25: 2 EA 25+25
M8 x 50: 2 EA 25+25
M12 x 177: 11 EA
85+ 5 Nm,
M12 x 158: 1 EA
3 x90° + 10°

(Vacuum pump side)

30. Measure the length of cylinder head bolts.

If the maximum length is exceeded by 2 mm, replace
the cylinder head bolt.

M11

Length when new Maximum Limit r

177 mm 179 mm @

158 mm 160 mm

31. Remove the cylinder head.

Al NoTice

* Inspect the cylinder head surface.

« Storetheremoved injectors and glow plugs so that
they will not be damaged.

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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32. Measure the piston protrusion from the parting
surface.

Specified Value: 0.765 ~ 1.055 mm

33. Remove the cylinder head gasket.

Installation Notice
e Replace the cylinder head gasket with new one. Make sure to place the “TOP” mark upward.
1. Putthe steel gasket on the cylinder block and position the cylinder head.

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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2. Tighten the cylinder head bolts to specified torque and torque angle.

Stepl 20+ 2.0 Nm
Tightening torque Step2 85+5.0Nm
Step3 90+ (3 times) + 10°

e Apply the oil on the bolt thread when installing.
e Always insert new washer first.
e The bolts (12) at vacuum pump side are shorter than others.

34. Turn over the engine and remove the baffle plate.

Installation Notice

Tightening torque 10 £ 1.0 Nm

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN




Y TROIN

01| 73

35. Unscrew the bolts and remove the oil strainer

assembly.

Installation Notice

Tightening torque

25+ 2.5 Nm

36. Remove the piston assembly from the cylinder block.

1) Unscrew the bearing cap bolts.

Installation Notice

Step 1

55+ 5.0 Nm

Step 2

90° +10°

Tighten the bolts from #1 cap.

D20DT

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN

ENGINE ASSEMBLY
KYRON SM - 2005.09




74 | o1

Al NoTice

« Align the oil grooves in bearing cap and connect-

ing rod.

2) Remove the bearing caps and lower bearing
shells.

3) Remove the piston assembly through the cylinder.

A\ NoTice

* Do not mix up upper and lower crankshaft bearing
shells.

4) Remove the snap ring piston pin from the piston.
5) Disassemble the piston and connecting rod.
6) Remove the piston rings from the piston.

Al NoTicE

* Replace the piston ring, bearing and snap ring with

new ones.

37. Lock the flywheel and remove the center bolt and
crankshatft pulley.

Installation Notice

200+ 20 Nm,

Tightening torque
g g tord 180° + 10°

ENGINEASSEMBLY

KYRON SM - 2005.09
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38. Remove the timing chain cover assembly.
1) Remove the cover bolts.

Installation Notice

Tightening torque 10 £ 1.0 Nm

2) Hold the timing chain and remove the timing chain
cover by tapping it with a rubber hammer and a
screwdriver.

Al NoTice

« Apply the sealant on the parting surface.

39. Remove the timing chain guide rail and timing chain.

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
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40. Remove the HP pump bolts and the HP pump bracket
bolts.

1) Remove the HP pump assembly.

41. Remove the crankshaft sprocket with a special tool.

42. Remove the flywheel and the crankshaft strainer.

Installation Notice

45 + 5.0 Nm,

Tightening torque
g gford 90° + 10°

ENGINE ASSEMBLY CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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43. Unscrew the bolts and remove the crankshaft bearing caps.

Installation Notice

55 + 5.0 Nm,

Tightening torque
g g ford 90° + 10°

ASSY

A\ NoTice

* Remove the bearing cap bolts from inside to outside with a pair.
« Do not mix up the crankshaft bearing caps and shells.

NOTE
* Install in the reverse order of removal.

» Tighten the fasteners with the specified tightening torques.
* Replace the gaskets and bearings with new ones.

* Make sure to install the gaskets in correct direction.

CHANGED BY ENGINE ASSEMBLY
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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CYLINDER HEAD/CYLINDER BLOCK

CYLINDER HEAD

D20DT Cylinder head bolt
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Oil Return Check Valve

ENGINE HOUSING
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» System Characteristics

4-valve DOHC valve mechanism

Swirl and tangential port

4-bolt type cylinder head bolt

Water jacket integrated casting

Integrated chain housing and cylinder head

Oil gallery: drilled and sealing with cap and screw plug

© gk~ w bk

Exhaust manifold

Exhaust manifold

Intake manifold

CHANGED BY ENGINE HOUSING
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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» Cylinder Head Pressure Leakage Test

% Preceding Works:
1. Removal of cylinders
2. Removal of intake and exhaust manifold
3. Removal of valves

Test Procedures

1. Place the pressure plate on a flat-bed work bench.

i Ccal @) an anan

2. Install the cylinder head on the pressure plate.

Tightening torque 60 Nm

3. Immerse the cylinder head with the pressure plate
into warm water (approx. 60°C) and pressurize with
compressed air to 2 bar.

Al NoTicE

« Examine the cylinder head for air bubbling. If the
air bubbles are seen, replace the cylinder head.

» Cylinder Head Mating Surface Check

Specifications

Height “A” (cylinder head parting surface - cylinder head cover parting surface)

140.9 ~141.1 mm

Minimum height after machining 140.9 mm
Flatness In longitudinal direction 0.075mm
In transverse direction 0.075mm

Permissible variation of parallelism of top parting surface to bottom in longitu-

dinal direction

within 0.1 mm

Peak-to-valley height 0.004 mm
Valve recess “a” Intake valve 0.74 ~0.86 mm
Exhaust valve -0.15~0.15mm

ENGINE HOUSING
KYRON SM - 2005.09
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Measurement

1. Measure the cylinder head height “A”.

Limit

Over 140.9 mm

Al NoTICE

« If the height is less than the limit, the cylinder

head must be replaced.

2. Insert the valves into the valve guides and measure

the recesses.

Valve recess “a”

Intake Valve 0.74 ~ 0.86
Exhaust Valve -0.15 ~ 0.15

Al NoTICE

« If the measured value is out of the specified
range, machine the valve seat as much as nec-
essary until the specified value is achieved.

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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Cylinder Head

» D20DT Engine

Disassembly

% Preceding Works:
1. Disconnect the negative battery cable.

2. Apply the parking brake and place the chocks under
the tires. (transmission “N” position)

1. Remove the EGR pipe.

2. Disconnect the injector fuel lines, connector and
preglow plug connector. Remove the cylinder head
cover.

A\ cauTioN

» Cover the openings of fuel line with the protective
caps.

3. Rotate the crankshaft pulley to align the OT marks.

1) Align the mark (notch) on sprocket for cylinder
No.1 (exhaust) and for cylinder No.6 (intake).

(align the cylinder No.1 OT)

ENGINE HOUSING
KYRON SM - 2005.09
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4. Mark on the timing chain, intake camshaft sprocket
and exhaust camshaft sprocket for timing setting
during installation.

HOUSING

5. Remove the chain tensioner after removing the EGR
pipe and oil dipstick.

6. Remove the high pressure pump and mark on the
high pressure pump sprocket.

7. Remove the camshaft position sensor.

CHANGED BY ENGINE HOUSING

EFFECTIVE DATE KYRON SM - 2005.09

AFFECTED VIN
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8. Hold the camshafts and remove the intake camshaft
sprocket and exhaust camshaft sprocket.

9. Remove the upper guide rail with a sliding hammer.

10. Remove the oil cooler and the intake manifold.

11. Remove the cylinder head bolts according to the
numerical sequence.

1) M8 x 25: 2EA

2) M8 x 50: 2EA

3) M12 x177: 9EA

4) M12 x 158: 1EA (vacuum pump side)

ENGINE HOUSING
KYRON SM - 2005.09
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12. Remove the cylinder head.

A\ cauTion

* Inspect the cylinder head mating surface.

« Storethe removed injectors and glow plugs so that
they will not be damaged.

 If thereis a sign of oil leakage on the cylinder head
gasket, replace it with new one.

0}
=z
%)
2
e}
I
13. Measure the piston protrusion from the mating
surface.
Standard 0.765 ~ 1.055 mm
CHANGED BY ENGINE HOUSING

EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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Reassembly

1. Measure the length of cylinder head bolts.

1) If the maximum length is exceeded by 2 mm,
replace the cylinder head bolt.

2. Install the cylinder head with the steel gasket.

Al NoTicE

* Make sure to place the “TOP” mark upward.

3. Tighten the cylinder head bolts to specified torque
and torque angle.

Step 1: 20 + 2.0 Nm
Tightening torque | Step 2: 85 = 5.0 Nm
Step 3: 360° (120° x 3) +10°

Al NoTice

« Apply the oil on the bolt thread when installing.
» Always insert new washer first.
» The bolts at vacuum pump side are shorter than others.

4. Pull the timing chain over the cylinder head and install
the upper guide rail.

Al NoTice

» Make sure that the convex surface of upper guide
rail faces to front side

» Be careful not to alter the timing point of high pres-
sure pump.

ENGINE HOUSING CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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5. Install the intake and exhaust camshaft sprockets
and the timing chain.

Tightening torque 25 Nm + 90°

Al NoTice

 If the sprocket bolt is stretched over 0.9 mm, re-
place it with new one.

« Always install the intake camshaft sprocket first.

HOUSING

1) Make sure that the upper guide rail is installed
with proper direction.

2) Make sure that the timing chain is securely
seated on the guide rails.

A\ NoTice

* Make sure that the markings on camshaft sprocket
and timing chain are aligned.

6. Install the chain tensioner.

Tightening torque 65+ 5.0 Nm

A\ NoTicE

* Make sure that the EGR steel gasket is properly
installed.

CHANGED BY ENGINE HOUSING

EFFECTIVE DATE KYRON SM - 2005.09

AFFECTED VIN
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7. Rotate the crankshaft pulley two revolutions and
ensure that the OT mark on the crankshaft pulley
and the OT mark on the camshaift pulley are aligned.

A\ NoTice

* If the markings are not aligned, reinstall the cylin-
der head.

8. Install the cylinder head cover and the high pressure
pump housing.

Al NoTice

» Apply the sealant on the bolt threads when install-
ing the high pressure pump.

9. Remove the protective caps from the injector and
install the new fuel supply pipes.

Al NoTice

» The fuel pipes are not reusable to keep the clean-
ness and parts damage.

! “
R

IﬂfTi‘ﬂllzlu|.1,_

ENGINE HOUSING
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» D27DT Engine

Disassembly

% Preceding Works:
1. Removal of fan belt

Removal of fuel supply and return lines
Removal of EGR related pipes and oil dipstick tube
Removal of intake manifold mounting bracket

Removal of injector fuel line and connector, and
glow plug connector

Al NoTice

» Plug the openings of injector holes and common rail
with the protective caps.

IS A

1. Remove the cylinder head cover.

2. Remove the camshaft position sensor.

Installation Notice

e The intake manifold can be interfered by the
sensor when installing.

3. Mark on the intake camshaft sprocket and exhaust
camshaft sprocket for timing setting during
installation.

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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4. Remove the chain tensioner.

5. Hold the camshafts and remove the intake camshaft
sprocket and exhaust camshaft sprocket.

6. Pull out the lock pins with a sliding hammer and
remove the upper guide rail.

A\ NoTice

« Correctly align the electronic control module onto the
shift plate by using two central pins when installing.

7. Remove the oil cooler, then remove the intake
manifold.
Installation Notice

e The intake manifold can be interfered by the
cylinder head bolt (M8 x 50).

ENGINE HOUSING
KYRON SM - 2005.09
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8. Remove the cylinder head bolts according to the
numerical sequence.

1) M8 x 25: 2 EA

2) M8 x50: 2 EA

3) M12x177: 11 EA

4) M12 x 158: 1 EA (Vacuum pump side)

o
=z
n
2
o
T

9. Measure the length of cylinder head bolts.

Installation Notice

e If the maximum length is exceeded by 2 mm, é
replace the cylinder head bolt. r.\
Length when new Maximum Limit )
177 mm 179 mm L
158 mm 160 mm

10. Remove the cylinder head.

Al NoTice

* Inspect the cylinder head surface.

« Storethe removed injectors and glow plugs so that
they will not be damaged.

11. Measure the piston protrusion from the mating
surface.

Standard 0.765 ~ 1.055 mm

) s |
wiEy P
R

CHANGED BY ENGINE HOUSING
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN




16 |02

Y TROIN

Reassembly

1. Install the cylinder head with the steel gasket.

A\ NoTice

* Make sure to place the “TOP” mark upward.

2. Tighten the cylinder head bolts to specified torque
and torque angle.

Installation Notice

Stepl 20+ 2.0 Nm
Tightening torque | Step 2 85+ 5.0 Nm
Step 3 270° (90° x 3) + 10°

* Apply the oil on the bolt thread when installing.
» Always insert new washer first.

e The bolts (11) at vacuum pump side are
shorter than others.

3. Install the HLA device and finger follower. Check the
HLA device with the diagnosis procedures before
installation.

A\ NoTice

* Putthe cylinder head on the locating pins.

4. Tighten the camshaft bearing cap bolts.
1) Intake: #8, #9, #11
2) Exhaust: #2, #3, #5

ENGINE HOUSING
KYRON SM - 2005.09
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3) Intake: #7, #10, #12
4) Exhaust: #1, #4, #6

‘ Exhaust

Installation Notice

Tightening torque 25 Nm

e Check the finger follower positions and align
if needed.

HOUSING

5. Install the intake and exhaust camshaft sprockets
and the timing chain.

Installation Notice

Tightening torque 25 Nm + 90°

e Ifthe sprocket bolt is stretched over 0.9 mm,
replace it with new one.

e Always install the intake camshaft sprocket first.

e Ensurethat the markings on camsharft sprocket
and timing chain are aligned.

e Make sure that the timing chain is securely
seated on the guide rail.

6. Rotate the crankshaft pulley two revolutions and
ensure that the OT mark on the crankshaft pulley
and the OT mark on the camshatt pulley are aligned.

A\ NoTice

 If the markings are not aligned, reinstall the cylin-
der head.

7. Place the bearing cap with the OT marks on both
camshafts facing upward.

Al NoTice

« Apply the sealant on the cap (#12) for the vacuum
pump when installing.

e Apply the oil on the bearing journals before
installation.

CHANGED BY ENGINE HOUSING
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Y TROIN

8. Fit the timing chain onto the camshaft sprockets
and install the upper guide ralil.

Install the clamping guide rail pin.

A\ NoTice

* Install the guide rail with slanted side facing
forward.

« Be careful not to change the timing of HP pump
when fitting the timing chain.

9. Tighten the intake and exhaust camshaft sprocket
bolts.

Installation Notice

25+ 2.5 Nm,

Tightening torque
g g ford 90° + 10°

10. Install the camshaft position sensor.
11. Apply the Loctite to the bolt and tighten it.

Installation Notice

Tightening torque 10 Nm

12. Check the intake camshaft before installing the
vacuum pump.

13. Install the intake manifold. Install the oil cooler with
new gasket.

Installation Notice

Tightening torque 25 Nm

* Ensurethat thereis no leaks around the coolant
line for #1 cylinder

ENGINE HOUSING

KYRON SM - 2005.09
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14. Install the chain tensioner.

Installation Notice

Tightening torque

65 5 Nm

15. Install the cylinder head cover assembly.

16. Install the rubber gasket.

17. Tighten the cylinder head cover bolts.

Installation Notice

Tightening torque

10+ 1.0 Nm

* Apply the sealant to the bolts for the vacuum
pump and the timing chain cover.

18. Check the mating surface of the #12 bearing cap
and the cylinder head for contacting.

19. Check if the O-ring is installed in the vacuum pump.
20. Install the vacuum pump with the key groove aligned.
21. Tighten the vacuum pump mounting bolts.

Installation Notice

Tightening torque

10+ 1.0 Nm

HOUSING
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22. Install the PCV valve assembly on the cylinder head.

Installation Notice

Tightening torque 10 = 1.0 Nm

23. Engage the engine oil hose and the PCV valve hose.

24. Remove the protective caps and install the new fuel
supply pipes.

A\ NoTICE

* To keep the cleanness and protect the components,
the fuel pipes should be replaced with new ones.

¢ Be careful not to be mixed the fuel pipes because
the pipe appearance of #1 and #3 cylinders and #2
and #4 are same each other.

ENGINE HOUSING CHANGED BY
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Intake/Exhaust-Removal/lnstallation

1. Remove the cylinder head assembly.

D20DT

Pk

AW e B AR

¥

HOUSING

2. Install the removed cylinder head on the assembly
board (special tool) and set the supporting bar and
lever (special tool) on the cylinder head.

3. Push the valve spring seat down with the lever and
remove the valve cotter, valve seat and valve spring.

CHANGED BY ENGINE HOUSING
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4. Remove the valves from the cylinder head. A
)
~ @@
ENGINE HOUSING CHANGED BY
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» Special Tools and Equipment

Name and Part Number Application

Y992200928B b

Compression pressure measuring
adapter and gauge

HOUSING

...-"l—.n_p-\__-_——\_

Y99220082B

Supporting bar and lever

Y99220162B

Guide pin extractor

—

Y99220112B

Intake manifold guide pin

CHANGED BY ENGINE HOUSING
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CAMSHAFTASSEMBLY

% Preceding Work: Removal of cylinder head cover

Finger Follower and HLA

Intake Camshaft and
Exhaust Camshaft

D20DT

Sesaes=sd

y—

D

Camshaft Position Sensor

Camshaft Sprockets

Cylinder Head

Chain Tensioner

D20DT

D27DT

ENGINE HOUSING

KYRON SM - 2005.09
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» Camshaft Position Sensor

HOUSING

Hall voltage @

.h.

<Location of Camshaft Position Sensor> <Operation Principle of Hall Sensor>

The camshaft position sensor uses hall-effect to set the camshaft position and metallic-magnetic-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 camshaft position
sensor, camshaft hall sensor generates signal voltage. The signal voltage will be 0V if protrusion and camshaft
position sensor are near and 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 camshaft is half of the crankshaft and controls engine’s intake and exhaust valves. By install-
ing 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 crankshaft position sensor.

Accordingly, camshaft position sensor is necessary 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 camshaft position sensor is defective during engine running.

Pulse generation Cam angle = 6°
Sensor air gap 0.45~1.80 mm
Tightening torque 10 ~ 14 Nm
Operating temperature -40~130°C
1 111 Ref
2 103 sIG
HALL 3 104 Ground
Camshaft sensor
<Circuit Diagram of Camshaft Position Sensor>

CHANGED BY ENGINE HOUSING
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» D20DT Engine

Disassembly

% Preceding Works:
1. Disconnect the negative battery cable.

2. Apply the parking brake and place the chocks
under the tires. (transmission “N” position)

1. Remove the EGR pipe.

2. Disconnect the injector fuel lines, connector and

preglow plug connector. Remove the cylinder head
cover.

A\ cauTioN

» Cover the openings of fuel line with the protective
caps.

3. Rotate the crankshaft pulley to align the OT marks.

1) Align the mark (notch) on sprocket for cylinder
No.1 (exhaust) and for cylinder No.6 (intake).

(align the cylinder No.1 OT)

- “ -
T lorl doladg .
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4. Mark on the timing chain, intake camshaft sprocket
and exhaust camshaft sprocket for timing setting
during installation.

HOUSING

5. Remove the chain tensioner after removing the EGR
pipe and oil dipstick.

6. Remove the high pressure pump and mark on the
high pressure pump sprocket.

7. Remove the camshaft position sensor.

CHANGED BY ENGINE HOUSING
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8. Hold the camshafts and remove the intake camshaft
sprocket and exhaust camshaft sprocket.

9. Remove the camshaft bearing cap bolts so that
the tightening force can be relieved evenly.

1) Exhaust: #1, #3, #5
2) Intake: #6, #8, #10
However, there is no specific removal sequence.

3) Do not remove the bolts at a time completely.
Remove them step by step evenly or camshaft
can be seriously damaged.

4) Remove the exhaust camshafts and then
remove the intake camshatft.

* Exhaust: #2, #4
* Intake: #7, #9

10. Remove the finger follower and the HLA device.

ENGINE HOUSING
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Reassembl

1. Install the HLA device and finger follower. Check #
the HLA device with the diagnosis procedures before
installation.

Al NoTice

e Perform the air bleeding process if it has been
stored for a extended period of time.

» Make sure that it is properly installed on the locat-
ing pin.

HOUSING

2. Place the bearing cap with the OT marks on both
camshafts facing upward.

Al NoTice

« Apply the sealant on the cap (#12) for the vacuum
pump when installing.

Part number: 661 989 56 A0 (DB2210)

e Apply the oil on the bearing journals before
installation.

3. Tighten the camshaft bearing cap bolts.
1) Intake: #7,#9
2) Exhaust: #2, #4

3) Intake: #6, #8, #10
4) Exhaust: #1, #3, #5

Tightening torque 25 Nm

Al NoTicE

» Check the finger follower positions and align if
needed.

CHANGED BY ENGINE HOUSING
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4. Install the intake and exhaust camshaft sprockets
and the timing chain.

Tightening torque 25 Nm + 90°

A\ NoTice

« If the sprocket bolt is stretched over 0.9 mm, re-
place it with new one.

« Always install the intake camshaft sprocket first.

1) Make sure that the upper guide rail is installed
with proper direction.

2) Make sure that the timing chain is securely
seated on the guide rails.

Al NoTice

* Make sure that the markings on camshaft sprocket
and timing chain are aligned.

5. Install the chain tensioner.

Tightening torque 65+ 5.0 Nm

Al NoTice

« Make sure that the EGR steel gasket is properly
installed.

ENGINE HOUSING
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6. Rotate the crankshaft pulley two revolutions and
ensure that the OT mark on the crankshaft pulley
and the OT mark on the camshaft pulley are aligned.

Al NoTicE

 If the markings are not aligned, reinstall the cylin-
der head.

7. Install the cylinder head cover and the high pressure
pump housing.

Al NoTice

e Apply the sealant on the bolt threads when install-
ing the high pressure pump.

8. Remove the protective caps from the injector and
install the new fuel supply pipes.

Al NoTice

« The fuel pipes are not reusable to keep the clean-
ness and parts damage.

at :
,) s loirl do |2 |,
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» D27DT Engine

Removal

% Preceding Works:
1. Removal of fan belt
2. Removal of fuel supply and return lines
3. Removal of intake manifold mounting bracket
4. Removal of EGR pipe and oil dipstick tube

1. Remove the injector fuel line and connector, and glow
plug connector

Al NoTice

» Plug the openings of injector holes and common rail
with the protective caps.

2. Remove the cylinder head cover.

3. Remove the camshatft position sensor.

ENGINE HOUSING
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4. Mark on the intake camshaft sprocket and exhaust
camshaft sprocket for timing setting during
installation.

5. Remove the chain tensioner.

6. Hold the camshafts and remove the intake camshaft
sprocket and exhaust camshaft sprocket.

SENSOR |conTroL| FuEL [cooLing “EXHAUSTINTAKE HOUSING |RARSISNARIEENERAN

7. Remove the camshaft bearing cap bolts so that the
tightening force can be relieved evenly.

1) Intake: #7,#10, #12
2) Exhaust: #1, #4, #6

However, there is no specific removal sequence.

CHANGED BY ENGINE HOUSING
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN




34 |02

Y TROIN

1) Intake: #8, #9, #11
2) Exhaust: #2, #3, #5

Do not remove the bolts at a time completely.
Remove them step by step evenly.

8. Remove the intake and exhaust camshafts from the
cylinder head.

9. Remove the finger follower and the HLA device.

Al NoTicE

« Avoid contact with hot metal parts when removing
the HLA device immediately after stopping the
engine.

ENGINE HOUSING
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Installation

1. Install the HLA device and finger follower. Check the
HLA device with the diagnosis procedures before
installation.

A\ NoTice

» Putthecylinder head on the locating pins.

o
=z
n
2
o
T

2. Place the bearing cap with the OT marks on both
camshafts facing upward.

Al NoTice

« Apply the sealant on the cap (#12) for the vacuum
pump when installing.

« Apply the oil on the bearing journals before installation.

3. Tighten the camshaft bearing cap bolts.
1) Intake: #8, #9, #11
2) Exhaust: #2, #3, #5

3) Intake: #7, #10, #12
4) Exhaust: #1, #4, #6

Installation Notice

Tightening torque 25 Nm

* Check thefinger follower positions and align
if needed.

CHANGED BY ENGINE HOUSING
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4. Install the intake and exhaust camshaft sprockets
and the timing chain.

Installation Notice

Tightening torque 25 Nm + 90° + 10°

If the sprocket bolt is stretched over 0.9 mm,
replace it with new one.

* Always install the intake camshaft sprocket first.

* Ensurethat the markings on camshaft sprocket
and timing chain are aligned.

e Make sure that the timing chain is securely
seated on the guide rail.

5. Rotate the crankshaft pulley two revolutions and
ensure that the OT mark on the crankshaft pulley
and the OT mark on the camshaft pulley are aligned.

Al NoTice

« If the markings are not aligned, reinstall the cylin-
der head.

6. Install the chain tensioner.

Installation Notice

Tightening torque 65+ 5.0 Nm

ENGINE HOUSING CHANGED BY
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» Special Tools and Equipment

Name and Part Number

Application

Y99220152B
HLA remover

—

Y99220142B

Stem seal installer

CHANGED BY
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TIMING CHAINASSEMBLY
» Chain Drive System

System Layout

D20DT

. —- |
Oil injecting direction
b4

1. Exhaust camshaft sprocket 7. Oil pump tensioner
2. Upper guide rail 8. Oil pump sprocket
3. Intake camshaft sprocket 9. Crankshaft sprocket
4. Clamping guide rail 10. Oil nozzle
5. HP pump sprocket 11. Tensioner guide rail
6. Lower guide rail 12. Chain tensioner
ENGINE HOUSING CHANGED BY
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Chain

Chain type: Double Bush

Pitch: 9.525 mm

Load limits: 19,000 N

No. of links: 148 EA (D20DT), 144 EA (D27DT)

Overall length: 1409.7 mm (D20DT), 1371.6 mm (D27DT)

Replace when the chain is extended by 0.5 % from overall length (Replace if extended by over 7.0485 mm
(D20DT), 6.858 mm (D27DT))

o0k wbd e

Chain Tensioner

Check valve

s

* Check valve opening pressure: 0.2 ~ 0.5 bar

The major function of tensioner is optimizing the movement of chain drive system by using spring constant and oil
pressure in the tensioner.

The tensioner performs function of adjusting chain tension to be always tight, not loose, while engine running. By
doing so, can reduce wears of each guide rail and sprocket.

65 + 5.0 Nm

Tightening torque (Installed on the cylinder head)

Guide Rail

Guide rail is used to optimize the movement of chain drive system like tensioner.
Guide rail can prevent chain slap when chain is extended and reduce chain wears.
Guide rail is needed especially when the distance between the sprockets are too long.
The material is plastic.

1. Location of guide rail
1) Tensioner guide rail: Between crankshaft sprocket and exhaust camshaft sprocket
2) Upper guide rail: Between exhaust camshaft sprocket and intake camshaft sprocket
3) Clamping guide rail: Between intake camshaft sprocket and HP pump sprocket
4) Lower guide rail: Between HP pump sprocket and crankshaft sprocket

CHANGED BY ENGINE HOUSING
EFFECTIVE DATE KYRON SM - 2005.09
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Timing Setting

D20DT

Mm’ﬂﬁm
== W 2
st

Sprocket
marking:
4 points
(Gold marking)

D27DT

Sprocket
marking:
4 points
(Gold marking)

<Timing Marking Points on Chain>

A w P

Check marking links on the chain (Gold marking)
Locate a point with two continuous marking links and align it to a marking on crankshaft sprocket (A)

Align respective marking link to each camshaft sprocket (intake and exhaust) marking (A)
Align another marking link to HP pump sprocket marking (2)

ENGINE HOUSING
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Removal and Installation

. Remove the cylinder head assembly.

. Remove the oil pan.
. Remove the chain guide rail with a sliding hammer.

A W N P

. Remove the chain cover.

HOUSING

5. Remove the oil pump drive chain.

6. Remove the upper guide rail while pushing the
retaining spring with a screwdriver.

7. Remove the lower guide rail.
8. Remove the oil pump drive chain.

9. Remove the tensioner guide rail.
10. Remove the timing chain.
11. Install in the reverse order of removal.

Al NoTice

« Thoroughly clean the removed components before
installing.
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CYLINDER BLOCK

D20DT

Deep head bolt thread to prevent the
D27DT deformation at cylinder bore surfaces

Internal and external ribs consid- Water jacket design to in-
ered vibration and strength crease the cooling efficiency

- ’,‘<— Cambering type skirt to reduce the noise

ENGINE HOUSING CHANGED BY
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» System Characteristics

Rib design by considering strength against engine vibrations and weight
Cambering type skirt design on case housing wall to reduce the engine noise
Water jacket design to increase the cooling efficiency of cylinder bore bridge
Deep head bolt thread to prevent the deformation at cylinder bore surfaces

o s~ D PRE

Reinforcement of strength
1) Main bearing housing / Main bearing cap

HOUSING

2) Extended main bearing cap bolt

6. Reducing the noise, vibration and harshness (NVH)
1) Minimize the vibration by adding external ribs
2) Adding the ribs around oil pan mating surface

» Knock Sensor

Two knock sensors are located on the cylinder block (intake manifold side).

To detect engine vibration under abnormal combustion, knock sensor has piezoelectric element fixed on
the vibration plate and this vibration plate is fixed on the base. If happens knocking, pistons or connect-
ing rods vibrate and occurs heavy sounds that hit metal. Knock sensor is used to detect those knockings
caused by abnormal combustions. It controls idling stabilities and turns on the engine warning light when
detects injector damages. And also controls pilot injection very precisely during MAP learning.

When knock sensor is defective, engine ECU corrects injection timing based on MAP values like engine
speed, intake air volume and coolant temperature.

% Before checking the knock sensor unit, be sure to check the tightening torque of the sensor and connector
connecting conditions.

Insulating resistance Min. 1 MQ
Resonance frequency 25 kHz
Operating temperature - 40 ~ 150°C
26 + 8 mV/g (at 5 kHz)
Output voltage 22 ~ 37 mV/g (3 ~ 10 kHz)
22 ~ 57 mV/g (10 ~ 20 kHz)
Tightening torque 20 £ 5 Nm
CHANGED BY ENGINE HOUSING
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<Location of Knock Sensor>

w1z 5 6
4 N ||~.;_

'
A .n

<Location of Knock Sensor>

10 1 2 5 6
/. &

1. Sensor housing

5. Insulation disc

2. Nut 6. Upper contact plate
3. Disc spring 7. Piezo element
4. Weight

8. Lower contact plate
9. Body
10. Terminal

ENGINE HOUSING
KYRON SM - 2005.09

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN




Y TROIN

02| 45

Al NoTice

« The knock sensor should be tightened with the specified tightening torque. Otherwise, the engine output may
be decreased and the “ENGINE CHECK” warning lamp may come on. The internal resistance of the sensor is

approx. 4.7 kW.

46

1EW | _—
- . A 45

' Knock

1 sensor |

: S 44
1 R )
ook o |

' sensor ! 63
| L2

<Circuit Diagram of Knock Sensor>

Ground

Signal

Signal

L | Ground

HOUSING
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CRANKSHAFT

¥ Preceding Works: Removal of end cover
Removal of pistons
Removal of crankshaft sprocket

D20DT D27DT

1. Crankshaft main bearing shells, upper 5. Lower thrust bearing

2. Upper thrust bearing 6. Crankshaft main bearing cap

3. Crankshaft 7. Crankshaft thrust bearing cap

4. Crankshaft main bearing shells, lower 8. 12-sided stretch bolt .......... 55+ 5.0 Nm, 90° + 10°
ENGINE HOUSING CHANGED BY
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ARRANGEMENT OF THRUST WASHERS AND BEARINGS

2 3
] | I
[}
2
=l %)
1 | [ | S
| | | g
il || | M| y
| > i
| | | 1
1 ! - | | | I |
4 5
D27DT
2 3
o] 4
>

- -
- <=
4 5
1. Crankshaft 4. Crankshaft main bearing shells, lower
2. Crankshaft main bearing shells, upper 5. Lower thrust bearing

3. Upper thrust bearing

Al NoTice

« The clearance between bearing shell and bore and between bearing shell and journal are various. Refer to
the table on next page to select bearings when installing.
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» Dimensions of Crankshaft Main Bearing o)
Color Crankshaft Journal Upper Main Bearing Lower Main Bearing
Blue 61.965 ~ 61.960 2.260 ~ 2.255 2.260 ~ 2.255
Yellow 61.960 ~ 61.955 2.265 ~ 2.260 2.265 ~ 2.260
Red 61.955 ~ 61.950 2.270 ~ 2.265 2.270 ~ 2.265
White 61.950 ~ 61.945 - 2.275 ~ 2.270
Violet 61.945 ~ 61.940 - 2.280 ~ 2.275

» Bearing Clearance

(mm)

Description Crankshaft Bearing Thrust Bearing
When new 0.027 ~ 0.051 0.026 ~ 0.068
Radial clearance
Wear limit Max. 0.070 Max. 0.080
When new 0.100 ~ 0.254 -
Axial clearance
Wear limit Max. 0.300 -

» Matching the Fit Bearing Journal Width to Thrust Washers

(mm)

Fit bearing Journal Width

Thrust Washer Thickness

26.300 ~ 26.333 2.15
26.400 ~ 26.433 2.20
26.500 ~ 26.533 2.25
26.700 ~ 26.733 2.35
26.800 ~ 26.833 2.40

Al NoTice

» Measure the crankshaft axial clearance and correct if necessary with appropriate thrust washers.
» Thrust washers of the same thickness must be installed on both sides of the fit bearing.

» Matching the Crankshaft Bearing Shells to Basic Bearing Bore in

Crankcase

Marking of Basic Bearing Bore in Lower Mating Surface

Relevant Crankshaft Bearing Shell With Color Coding

1 punch mark or blue

blue or white - blue

2 punch marks or yellow

yellow or white - yellow

3 punch marks or red

red or white - red

ENGINE HOUSING
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» Matching Crankshaft Bearing Shells to Basic Bearing Journal of
Crankshaft

Marking of Bearing Journals on Crank Webs

Relevant Crankshaft Bearing Shell With Color Coding

blue or white - blue

blue or white - blue

yellow or white - blue

yellow or white - yellow

red or white - blue

red or white - red

» Selection of Upper Main Bearing Shell

Punch Mark Color
] Blue

o o Yellow
o o o Red

HOUSING

» Selection of Lower Main Bearing

Shell
Mark Color
B Blue
Y Yellow
R Red
w White
\% Violet

B-¥-R-W-V-B

1
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» Crankshaft Position Sensor

REl _ Permanent
" _

magnet
Iron
Standard coil
positiorIJ—-l_I'—L -"r-ll._
f\’f\'f Ring gear
<Location of Crankshaft Position Sensor> <Structure of Crankshaft Position Sensor>

The crankshaft position sensor is located near to flywheel on the rear of cylinder block. It generates AC voltage
between increment type driven plate that fixed on flywheel inside. The sensor consists of soft iron core that winded

copper wire on permanent magnet and generates sign wave AC voltage when magnetism on the sensor wheel
passes the sensor.

When the crankshaft rotates, ‘+' signal will be generated from near the front edge and ‘-’ signal will be generated from
near the rear edge among teeth on the driven plate near to crankshaft position. The AC voltage increases as the
engine speed increases, however, no signal occurs from the 2-missing-tooth on the increment type driven plate. By
using these teeth, ECU recognizes TDC of No. 1 and 5 cylinders.

ECU converts the alternative signals into digital signals to recognize crankshaft position, piston position and engine
speed. The piston position that coupled with crankshaft is main factor in calculating injection timing. By analyzing the
reference position and camshaft position sensor, can recognize No. 1 cylinder and calculate the crankshaft speed.

V)

AL

lrl—'-r_

a

<Drive Plate>

A. Distance between ‘+’ max. voltage and ‘-’ max. voltage a. Front edge
b. Rear edge
€. 2-missing-tooth
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1 Z
2
o
I
2
90 Signal
- Crankshaft 9
Drive plate position sensor
<Circuit Diagram of Crankshaft Position Sensor>
Output voltage Min. voltage: 1.0 V (40 rpm, air gap: 1.3 mm)
(1~150V) Max voltage: 150 V (7000 rpm, air gap: 0.3 mm)
Sensor unit coil resistance () 1,090 £ 15 %
Sensor air gap 0.7 ~1.5mm
Operating temperature -40~150°C
Tightening torque 6 ~8Nm
CHANGED BY ENGINE HOUSING

EFFECTIVE DATE

KYRON SM - 2005.09
AFFECTED VIN




52 |02 KYTROIN

TORSIONAL VIBRATION DAMPER

Laser welding

Pin

Cover

Bearing

Bushing

Inertia ring
Pin

?H Silicone oil

» System Description

1. Components: Hub, inertia ring, cover, bearing, bushing, silicone oil

2. Functions: The crankshaft pulley optimizes the drive system by reducing the amount of torsional vibration in
crankshaft. Conventional rubber damper is limited in changing materials (rubbers) to absorb vibration,
but this crankshaft pulley (viscous damper), using silicone oil, takes advantage of less changing
viscosity according to the temperature.

ENGINE HOUSING CHANGED BY
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DISASSEMBLY AND REASSEMBLY

1. Unscrew the bolts and remove the connecting rod
journal bearing and bearing caps.

Al NoTice

» Position the #1 piston at TDC and remove the pis-
ton connecting rod journal bearing caps.

HOUSING

2. Remove the bearing cap bolts.
3. Remove the bearing caps.

Al NoTice

 The crankshaft bearing caps are marked with
stamped numbers. Start to remove from the crank-
shaft pulley side.

* Do not mix up the bearing shells.

4. Remove the bearing caps and lower thrust bearing.

5. Separate the lower bearing shells from the bearing
caps.

ENGINE HOUSING
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Y TROIN

6. Remove the crankshatft.
7. Remove the upper thrust washers.

8. Remove the upper bearing shells from the crankcase.

Al NoTice

» Do not mix up the bearing shells.

y
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Crankshaft - Reassembly

1. Thoroughly clean the oil galleries and check the
journal section and bearings. Replace if necessary.

2. Coat the upper thrust washers with oil and insert
into the crankcase so that the oil grooves are facing
the crank webs (arrow).

3. Coat the lower thrust washers with oil and insert
into the crankcase so that the oil grooves are facing
the crank webs (arrow).

Al NoTicE

e The retaining lugs should be positioned in the
grooves (arrow).

HOUSING
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Y TROIN

Al NoTice

¢ If the maximum permissible length of L= 63.8 mm
is exceeded, the 12-sided stretch bolts should be
replaced.

4. Coat the new crankshaft with engine oil and place it
on the crankcase.

5. Install the crankshaft bearing caps according to the
markings and tighten the bolts.

Installation Notice

Tightening torque 55+ 5 Nm + 90° + 10°

* Install from #1 cap.

ENGINE HOUSING
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6. Position the #1 piston at TDC and install the
crankshaft.

7. Install the piston connecting rod journal to the
crankshaft journal and tighten the bolts.

8. Measure the crankshaft bearing axial clearance.
1) When new: 0.100 ~ 0.266 mm
2) When used: 0.300 mm

9. Rotate the crankshaft by hand and check whether
it rotates smoothly.

o
=z
n
2
o
T
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FLYWHEEL

DUAL MASS FLYWHEEL (DMF, MANUAL TRANSMISSION EQUIPPED VEHICLE)

Primary wheel

Ring gear

Trigger ring

-

Primary wheel —— =

[ ~Secondary
wheel

Plastic bushing

\

» System Description

This flywheel is installed to the rear end of crankshaft and transfers the output from the engine to the power train
mechanism. When starting the engine, this drive the crank train mechanism initially by using the power from the
start motor. Also, DMF measure the crankshaft speed, sends the signals to ECU, and controls the ignition timing.

Conventional flywheel DMF

ENGINE HOUSING CHANGED BY
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» Structure

F

1.

unction and characteristics

When the output changes from the engine is high during
power stroke ((13): The damper absorbs the shocks to
reduce the changes to transmission.

When the output changes from the engine is low during
compression stroke ((2)): The damper increases the
torque changes to clutch.

<Example of DMF operation>

<Torque change curve of engine and drive shaft>

Conventional system
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Engine

Transmission
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» System Characteristics

Function
1.

flywheel operates almost evenly so does not cause
gear noises

The mass of the primary flywheel is less than

conventional flywheel so the engine irregularity 2.

increases more (less pulsation absorbing effect)
Transmission protection function: Reduces the

torsional vibration to powertrain (transmission) by 3.

reducing the irregularity of engine

Characteristics of DMF

1.

Reduced vibration noise from the powertrain by
blocking the torsional vibrations

Enhanced vehicle silence and riding comforts: reduced
engine torque fluctuation

Reduced shifting shocks
Smooth acceleration and deceleration

Advantages of DMF

Filters irregularities of engine: The secondary 1.

Improved torque response by using 3-stage type
spring: Strengthens the torque response in all
ranges (low, medium, and high speed) by applying
respective spring constant at each range.

Stable revolution of the primary and secondary
wheel by using planetary gear: Works as auxiliary
damper against spring changes

Less heat generation due to no direct friction against
spring surface: Plastic material is covered on the
spring outer surface

Increased durability by using plastic bushing
(extends the lifetime of grease)
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PISTON AND CONNECTING ROD

S —B (|

G o~
//////{/{//{////4,
N %
1. No.1 compression ring 3. Oil ring
2. No.2 compression ring
Description D20 DT ENG D27 DT ENG
Cylinder bore diameter $86.2 ;015 MM $86.2 ;05 MM
Piston outer diameter (D1) ¢86.133 (z0.009) MM ¢86.133 (0.009) MM
Clearance between bore and piston 74 im 74 im
Piston cooling gallery Applied Applied
Pin offset 0.15 mm (Thrust) 0.15 mm (Thrust)
Compression ratio 175:1 18:1
Length of piston pin 71.2mm 71.2mm
Material of top ring / coating Steel / Gas nitride DCI/Phosphated
Tightening torque of connecting rod bolt 40 £ 5.0 Nm, 90° + 10° 40 £ 5.0 Nm, 90° + 10°
Permissible weight difference of connecting rod 49 49
Thickness of connecting rod bearing (Red) 1.806 ~ 1.809 mm 1.806 ~ 1.809 mm
Thickness of connecting rod bearing (Yellow) 1.809 ~1.812 mm 1.809 ~1.812 mm
Thickness of connecting rod bearing (Blue) 1.812~1.815mm 1.812 ~1.815mm
ENGINE HOUSING CHANGED BY
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PISTON RING

1. No.1 compressionring

No.2 compression ring

Qil ring

Coil spring and oil control ring
Hook spring

o g w N

» Replacement of Piston Ring

1. Measure piston ring end gap.

1) Piston ring end gap (mm)
1st groove: 0.20 ~ 0.35
2nd groove: 0.20 ~ 0.35
3rd groove: 0.20 ~ 0.40

2) Clearance between piston ring and piston (mm)
1st compression ring: 0.075 ~ 0.119
2nd compression ring: 0.050 ~ 0.090
3rd oil ring: 0.030 ~ 0.070

3. Install the piston so that “Y” marking on piston head
is facing in the direction of travel. Arrange the piston
ring ends to be 120° apart.

4. Adjust the hook spring joint in the oil ring 180° away
from the ring end.

e |
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CYLINDER INNER DIAMETER AND PISTON SIZE

D27DT

(Unit : mm)
Engine Code Used piston Cylinder Diameter Piston Diameter
D20DT/D27DT A AorX 86.200 ~ 86.206 86.124 ~ 86.130
X A, BorX 86.206 ~ 86.212 86.129 ~ 86.137
B BorX 86.212 ~ 86.218 86.136 ~ 86.142
+5 +5 86.250 ~ 86.260 86.167 ~ 86.181
+ 10 + 10 86.300 ~ 86.310 86.217 ~ 86.231

ENGINE HOUSING CHANGED BY
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DISASSEMBLY AND REASSEMBLY

1

. Install the compression ring and oil ring on the piston
with a special tool.

% Arrange the piston ring ends to be 120° apart.

Al NoTice

Install the No.1 and No.2 pistons so that “Y” mark-
ing on piston head is facing upward.

No.1 piston ring is thicker than No.2 piston ring.

Arrange the oil ring end to opposite position of cur-
rent ring end.

Oil ring is not directional.

Make sure that the piston ring end is not aligned to
axial direction and lateral direction.

. Check the clearance of piston oil ring and compression
ring with a thickness gauge and adjust if necessary.

1st groove 0.20 ~ 0.35 mm

2nd groove 0.20 ~ 0.35 mm

3rd groove 0.20 ~ 0.40 mm

Piston ring end play (mm)
1stgroove: 11.0 mm

2nd groove: 10.5 mm

3rd groove: 7.0 mm

Check the clearance of piston rings with a thickness
gauge and adjust if necessary.

No.1 compression ring 0.075 ~ 0.119 mm

2nd compression ring 0.050 ~ 0.090 mm

3rd oail ring 0.040 ~ 0.080 mm

CHANGED BY
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4. Fit the piston onto connecting rod so that the
marking on piston crown and locking slot are facing
to straight ahead direction.

Al NoTice

* Install the piston so that the piston recess (marking)
or the stamped surface of connecting rod is facing
to straight ahead direction.

5. Lubricate piston pin and push in by hand.

Al NoTice

» Do not heat up the piston.

6. Place new snap rings into the grooves.

Al NoTice

» The snap rings should be replaced with new one.

7. Lubricate the cylinder bore, connecting rod bearing
journals, connecting rod bearing shells and pistons.

8. Push piston into the cylinder with a wooden stick.

9. Insert connecting rod bearing shells.

Al NoTice

» The upper and lower connecting rod bearings have
same appearance. Therefore, make sure to check
the part number before replacing them.

 Install bearing rod bearing cap so that the retain-
ing lugs are on the same side of the connecting rod
bearing.

ENGINE HOUSING CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN




Y TROIN

02| 65

10. Measure stretch shaft diameter of the connecting

rod bolts.

Limit “C”

7.1 mm

11. Lubricate the new connecting rod bolts and tighten.

Installation Notice

Tightening torque

40 £ 5.0 Nm,
90° + 10°

« End play of connecting rod cap

Specified value

0.5~ 1.5mm

12. Position piston to TDC and measure the distance
between piston and mating surface of crankcase.

Permissible piston
protrusion

0.765 ~ 1.055 mm

* Measure at both ends of axial direction.

CHANGED BY
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» Special Tools and Equipment

Name and Part Number Application

Y99220122B

Piston protrusion measuring jig

Y99220172B

Piston insertion jig

ENGINE HOUSING CHANGED BY
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HIGH PRESSURE PUMP (HPP)

COMPONENTS LOCATOR

HOUSING

High pressure
line

Low pressure Venturi return line
line

Fuel temperature sensor

Inlet Metering
Valve (IMV)

High pressure
supply line

. Inlet Metering Valve (IMV)
. Hydraulic pressure head
. Plunger

. Drive shaft and cam ring

. Housing

o 00~ WN P

. Roller and shoe

7. Low pressure pump

8. Fuel temperature sensor

9. Venting
10. High fuel pressure supply line
11. Pressure regulator

CHANGED BY
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» High Pressure Pump and Fuel System

Injector pipe

Injector pipe
Protective cap J Pip

= Return
lll]l tube
Fuel rail
(common rail)
Injector Upper bracket for
high pressure pipe
pressure
Injector
Injector clamp washer

ENGINE HOUSING CHANGED BY
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» Installation of High Pressure Pump

—| Vehicle with D20DT Engine I

Sprocket

Nut

Bearing
housing

—| Vehicle with D27DT Engine I

Gasket

Bearing shaft

Sprocket

Bearing
housing

Bracket
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DISASSEMBLY AND REASSEMBLY

¥ Preceding Works:
1. Removal of fan belt (including cooling fan and fan
clutch) and fan shroud

Removal of intake manifold assembly
Removal of water pump pulley
Removal of auto tensioner

Removal of EGR pipe

Removal of oil dipstic gauge

Al NoTice

« To prevent oil leaks, store the removed auto
tensioner it upright position.

« Be careful not to damage the rubber bellows.
¢ Plug the oil ports for HP pump with sealing caps.

o o, w N
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» D20DT Engine (HP Pump) - (without SST)

Disassembly

% Preceding Works:
1. Disconnect the negative battery cable.

2. Apply the parking brake and place the chocks
under the tires. (transmission “N” position)

1. Turn the auto tensioner counterclockwise and
remove the fan belt.

Al NoTice

« Slacken the pulley bolt.

2. Remove the engine belt pulleys.
1) Cooling fan pulley
2) Coolant pump pulley

3. Unscrew lower bolt (13 mm) and upper bolt (24 mm)
and remove the auto tensioner.

Al NoTice

e To prevent oil leaks, store the removed auto
tensioner in upright position.

« Pump the auto tensioner several times before in-
stalling it.

HOUSING
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4. Remove the high pressure pump housing.
¥ Preceding Work: Remove the No.2 EGR pipe.

5. Align the OT mark by rotating the crankshaft.

1) Open the oil filler cap and check if the OT mark
on crankshaft is aligned to the notch on the
camshaft.

6. Unscrew the bolts and remove the vacuum
modulator bracket.

1) Disconnectthe high pressure pump and vacuum
modulator connector.

2) Disconnect the fuel lines to high pressure pump.

3) Plug the openings of pipes and ports with
protective caps to keep the cleanness of the
fuel system.

4) Remove the high pressure fuel pipe between
HP pump and common rail.

7. Rotate the crankshaft clockwise so that the HP
pump sprocket holes are aligned to the bolt holes.

ENGINE HOUSING
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8. Hold the HP pump sprocket and slacken the center
bolt.

9. Slacken three HP pump mounting bolts until they
rest on the sprocket.

10. Loosen the HP pump center nut by tapping it with
a hammer.

Al NoTice

» Tap the center bolt with a hammer after tightening.
« Make sure that the center bolt is securely tightened.

11. Remove the remaining bolts with the same manner
and remove the high pressure pump.

CHANGED BY
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Reassembly

1. Replace the HP pump gasket with new one (cannot
be reused).

2. Tighten the HP pump bolts.

Tightening torque 25 Nm

3. Hold the HP pump sprocket and tighten the center
nut.

Tightening torque 65 Nm

A\ NoTice

* The center nut should be replaced once removed
(cannot be reused).

« Tighten the center nut with the specified tightening
torque.

4. Install the vacuum modulator bracket.

Al NoTice

« Replace the fuel lines to HP pump with new ones
(cannot be reused).

* Make sure that the connectors are installed to
the correct locations. (RR: white tape)

ENGINE HOUSING
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5. Apply the sealant to the HP pump housing and
tighten the bolts.

Al NoTICE

» Sealant (DB2210): 661 989 56 A0

6. Install the auto tensioner and belt pulleys.

(1 82+ 6.0 Nm

Tightening torque
g grer (@ 32 Nm

7. Rotate the crankshaft pulley two revolutions and
ensure that the OT mark on the crankshatft pulley
and the OT mark on the camshaft pulley are aligned.

Ak NoTice

* Open the oil filler cap and check if the OT mark on
crankshaft is aligned to the notch on the camshaft.

HOUSING
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» D20DT Engine (HP Pump) - (with SST)

Special Service Tool

HP pump mounting
hole on D20DT engine

HP pump mounting
hole on D27DT
engine

ENGINE HOUSING CHANGED BY
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% Preceding Works:

1. Disconnect the negative battery cable.
(If necessary, remove the battery.)

2. Remove the front air duct assembly.
3. Remove the PWM electric fan.

Al NoTicE

« To prevent from the oil leaking, put the removed auto tensioner in up-light position.
» Be careful not to damage the rubber bellows when removing the auto tensioner.

» Plug all fuel supply ports with seal caps (including removed ones).

Removal

1.

Take off the fan belt while turning the auto tensioner
counterclockwise.

*To prevent from the oil leaking, put the removed auto tensioner in up-light position.

CHANGED BY ENGINE HOUSING
EFFECTIVE DATE KYRON SM - 2005.09
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3. Unscrew four bolts and remove the water pump

pulley.

4. Open the caps (A, B) and unscrew the mounting bolts to remove the idle pulleys (A, B).

Open Caps

=4

k _..I"a-l !
gl "'-.._"_,..-"
Idle pulleys caps

' S

Unscrew Mounting Bolts

5. Removet

he idle bracket.

Unscrew Mounting Bolt

Remove Idle Bracket

ENGINE HOUSING
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6. Remove the oil separator and EGR cooler pipe. Remove the chain tensioner and rotate the crankshaft so that
the upper holes on HP pump sprocket are horizontally aligned. (At this moment, the holes on sprocket are
aligned to mounting bolts for HP pump.)

Remove Chain Tensioner HP Pump Sprocket
HP pump sprocket are horizontally aligned.
————— —— &
W J -

7. Remove the vacuum modulator bracket.
A. Disconnect the vacuum modulator connector and
fuel line.
B. Disconnect the fuel line to high pressure pump.
(To keep cleanness, plug the opening with a
sealing cap.)

8. Remove the center nut on high pressure pump and loosen three hexagon bolts.

SENSOR |conTroL| FuEL [cooLing “EXHAUSTINTAKE HOUSING |RARSISNARIEENERAN

Center Nut Mounting Bolts

CHANGED BY ENGINE HOUSING
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN




80 |02 KYTROIN

9. Install the special service tool on the high pressure pump sprocket.

ENGINE HOUSING CHANGED BY
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—i NOTE

1. The gasket for high pressure pump cannot be reused. It should be replaced with new one if removed.
2. Place an alignment mark on the high pressure pump shaft and key.

" =)
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Installation

1. Install in the reverse order of removal. (However,
temporarily tighten three mounting bolts first, then
fully tighten the center bolt, mounting bolts and

center nutin order.

Tightening torque

Hexagon mounting bolt

25+ 2.5 Nm

Center nut

65 +£5Nm

2. Install the vacuum modulator bracket.

A\ NoTicE

e The vacuum modulator connector and vacuum hose
should be connected to correct positions. The wir-
ing with white tape should face to the rear-end of

engine.

3. Apply the specified sealant (DB2210: 661 989
56 A0) and tighten the bolts to the specified

tightening torque.
4. Install the accessories.

ENGINE HOUSING
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» D27DT Engine (HP Pump)

1. Set crankshaft pulley to OT point. Open the oil filler
cap and check if the camshaft notch marking is
aligned to OT point.

2. Remove the cooling fan idle pulley with a pulley
holder (special tool).

3. Remove the cooling fan bracket assembly.

Al NoTicE

» Be careful not to get the sealant or foreign materi-
als into the engine.

HOUSING
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4. Place the marks on the chain and HP pump sprocket
for installation.

5. Remove the vacuum modulator bracket.

6. Remvoe the fuel pipes and wiring connectors which
connected to fuel pump.

7. Turn the crankshaft pulley to the counter clockwise
direction to ATDC 45° then remove the chain
tensioner.

Installation Notice

Tightening torque 65 =5 Nm

8. While insert finger and push the chain guide
backward direction and turn the crankshaft pulley to
ATDC 65° by counter clockwise direction until feel
the chain guide inclined backward.

e ¥
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9. Install a special tool into the cooling fan bracket hole
to hold the sprocket.

HOUSING

10. Remove the sprocket bolts and center nut and after
slightly lifted up the chain, remove the pump
sprocket.

Installation Notice

Tightening torque Nm
Sprocket bolt 20 Nm + 90°
Center nut 65+5 Nm

11. Remove the HP pump bearing with HP pump bearing
puller (special tool).

A\ NoTicE

« Do not apply excessive force. The timing chain may
deviates.

12. Remove the HP pump mounting bracket.

Installation Notice

Tightening torque 24 £ 2.4 Nm

CHANGED BY ENGINE HOUSING
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13. Unscrew the external bolts and remove the HP pump
while rocking and tapping it with a rubber hammer.

A\ NoTice

« To prevent HP pump shaft damaging, do not apply
excessive impact.

« Do not apply excessive force. The timing chain may
deviates.

14. Remove the HP pump.

15. Install the new HP pump with sealing caps.

Al NoTice

* Remove the sealing caps only when connecting the
pipes and hoses.

16. When replaced the HP pump, initialize the fuel
pressure by using SCAN-100. Refer to “Trouble
Diagnosis” section in this manual.

ENGINE HOUSING
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Al NoTice

 If the initialization of fuel pressure has not been
performed, the engine ECU controls new HP pump
with the stored offset value. This may cause the
poor engine output.

Install in the reverse order of removal and tighten
the fasteners with the specified tightening torque.

. HP pump sprocket

. 12-sided sprocket mounting bolt
. HP pump bearing housing

. HP pump (High Pressure Pump)
. HP pump shaft

. HP pump center nut

. HP pump outer bolt

. HP pump bearing shaft

. Oil gallery

. Bearing bushing

. Gasket

© 00 N O O A WDN PP

|
= O

Tightening torque

10

Center nut
65 + 5.0 Nm
(M14 x 1.5 - 1EA)
Outer bolt
24 £ 2.4 Nm
(M8 x 55 - 3EA)
Sprocket bolt
20 Nm % 90°
(M7 x 13 - 3EA)
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AIR FLOWS

Intake valve
(in combustion chamber)

] o
—

- - __
QC

i S
C —_—— — —

——

Air cleaner Is /o _

~—— Intake manifold

L’UﬁJ

—— ﬁ
d IR D)
Q: ———
) ( W IR D)
C —_—— — —
Il (D9~
- T T 7] p—
Turbo
charger Engine

g
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HFM sensor

|

Intake air outlet hose Intercooler Intake air inlet hose

» Work Flow of Intake System

Combustion

AT | RS | U0 I inercooler > | M€ 75| Chambern
Cleaner Sensor Charger niercooter Manifold

Engine
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INTAKE SYSTEM LAYOUT

COMPONENTS LOCATOR

» D20DT Engine

Air Cleaner Intake Manifold

Element Housing

HFM Sensor

» Specifications

Element Type

Dry-Element Type

Service Interval

Initial cleaning: 5,000 km, Clean or change every 10,000 km as required.
However, change every 30,000 km.

If the vehicle is operated under severe condition (short distance driving, extensive
idling or driving in dusty condition): More frequent maintenance is required.
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» D27DT Engine

Air Cleaner

Intake Manifold

Element

Housing

HFM Sensor

INTAKE SYSTEM
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TIGHTENING TORQUE OF INTAKE SYSTEM

HOUSING ASSY GENERAL

SENSOR |conTroL| FuEL [cooLing “EXHAUST INTAKE

There is a possibility that the clamps of intercooler and related intake hoses are disconnected by the pressure of
turbo charger, therefore it should be tightened with proper torque using torque wrench and ratchet.

Tightening torque 6 ~7 Nm

CHANGED BY INTAKE SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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Air Cleaner Element - Replacement

% Preceding Work: Disconnection of negative battery
cable

1. Disconnect the HFM sensor connector.
2. Loosen the locking clamp and remove the intake duct.

3. Unscrew the screws and remove the air cleaner cover.

4. Remove the air cleaner element. Clean or replace the
element as required.

INTAKE SYSTEM

KYRON SM - 2005.09
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Air Cleaner Housing

- Removal and Installation

% Preceding Work: Removal of air cleaner cover

1. Set aside the return hose and remove the coolant
reservoir bolts.

2. Remove the air cleaner housing bolts.
3. Installin the reverse order of removal.

INTAKE

Air Cleaner Housing/Element - Check

1. Check the air cleaner body, cover and packing for
deformation, corrosion and damage.

2. Check the air duct for damage.

3. Check the air cleaner element for clogging,
contamination and damage. If the element is partially
clogged, remove the dust or foreign materials with the
compressed air. If the contamination is severe, replace
it with new one. Also, be careful not to contaminate
during the replacement.

4. Checkthe air cleaner housing for clogging, contamination
and damage.

5. If the inside of housing is contaminated, remove the
contaminants.

Al NoTice

* When cleaning the air cleaner with compressed air,
direct the air from inside (engine) to outside
(ambient air). Otherwise, contaminants can get into
the engine.

CHANGED BY INTAKE SYSTEM
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AIR FLOW SENSOR (HOT FILM AIR MASS SENSOR)

» Change history

inner tube added + grid (No.3)
added + sensing chip changed +
sensing section design changed

» Results

Durability has enhanced 60 times
(lab test results)

<Cl Type HFM Sensor Structure>

1. Plug-in sensor 7. Hybrid

2. Cylinder housing 8. Sensor

3. Protection grid 9. Mounting plate

4. Hybrid cover 10. O-ring

5. Measuring duct cover 11. Temperature sensor
6. Housing

Air flow sensor is locating on the air intake passage between air cleaner and intake manifold and measures air
volume flows to engine combustion chamber and intake air temperature.

And intake temperature sensor built-in the sensor detects intake temperature.

Internal circuit of the air flow sensor is being used to control the voltage value to control the temperature to maintain
the heating resistance (Rh) to 160°C that is higher temperature than intake air temperature that is measured by
resistance (RI).

Temperature sensor of the heating resistance (Rh) is measured by resistance (Rs).

If temperature changes occur due to increasing/decreasing intake air volume, voltage of the heating resistance
changes to maintain the intake air temperature changes to set value (160°C).

Control unit computes intake air volume based on voltage changes of heating resistance.
Intake air temperature is measured by NTC integrated in the sensor.

INTAKE SYSTEM CHANGED BY
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Intake air temperature sensor is a part of HFM sensor and a thermister and resister and detects air temperature
changes that flow into the engine. There occurs high resistance when temperature is low and low resistance when
high (NTC type).

ECU supplies 5 V to intake air temperature sensor and then measures voltage changes to determine the intake air
temperature. When air in the intake manifold is cold, the voltage is high and air is hot, the voltage is low.

The reason for using HFM sensor is that this sensor is most proper in controlling accurate air-fuel ratio to meet the
legal emission regulations. This sensor measures actual intake air mass into engine very accurately during specific
instant acceleration and deceleration, and determines engine loads and detects intake air pulsation and air flows.

Main functions of HFM sensor are:
1. Using for EGR feedback control
2. Using for turbocharger booster pressure control valve control

Ll
X
<
[
b

3. Using for fuel injecting compensation

Cl type HFM sensor: The air flowing the sensor does not directs toward sensing section but flows along with lower
wall after passing protection grid to enhance durability of the sensor. Oil, water and dust less damage the sensor.

Air outlet Air inlet

- -
- -

<Structure of CIl type HFM Sensor>

CHANGED BY INTAKE SYSTEM
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Power
supply
2
Cntake™ |~
| air flow \
. sensor w
‘ {:} L 4 8 AN~ 5V ref
| |
! ‘ > 8 Air mass signal
| |
| ‘ 3 84
i ¢ ‘ Ground
i ‘ Kiir Temp. signal
i f B L ! 64 5V ref
‘ Intake air tempera- ‘
| __ ture sensor |
HFM sensor
<Circuit Diagram of HFM Sensor>
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HFM Sensor - Removal and Installation

HFM Sensor

Ll
X
<
[
b

% Preceding Work: Disconnection of negative battery
cable

1. Disconnectthe HFM sensor connector.

2. Loosen the clamps on the air cleaner and the turbo
charger and remove the duct.

3. Unscrew the bolts and remove the HFM sensor
assembly.

Installation Notice

Tightening torque 4 ~5Nm

4. Install the reverse order of removal.

CHANGED BY INTAKE SYSTEM
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INTERCOOLER

The turbo charger is designed to improve the engine power by introducing more air (oxygen) into the engine. However,
the intake air is heated (100 ~ 110°C) during the compression process in turbo charger compressor and the density
is lowered.

The intercooler is the device which cools (50 ~ 60°C) the air entering the engine. Cold air has more oxygen
molecules than warm air. Thus cooler air gives more power and better fuel economy.

1. Intercooler

INTAKE SYSTEM CHANGED BY
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Intercooler - Removal and Installation

1. Disconnect all wiring harnesses and related connectors from the front side of radiator assembly.

2. Remove the front end center member.

CHANGED BY
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3. Remove the hood latch cable and remove the
radiator support upper member.

4. Remove the intercooler inlet hose and outlet hose. Tightening torque 6~7Nm

6. Install in the reverse order of removal.

INTAKE SYSTEM CHANGED BY
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INTAKE MANIFOLD ASSEMBLY

INTAKE

» System Characteristics

1
2.
3.

Shape that delivers the required capacity of compressed air from turbo charger to inlet port

Optimized EGR gas mixture in inlet chamber

Maximized intake efficiency with helical and tangential inlet port

1) Improving the swirl ratio in low and mid operating range

2) Improving the acceleration/fuel economy and reducing the maintenance in low and mid operating range

Integrated inlet port and coolant outlet port

CHANGED BY INTAKE SYSTEM
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» Special Tools and Equipment

Name and Part Number Application

Y99220112B Installation of intake manifold

Intake manifold guide pin

~
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Intake Manifold - Removal/Installation

¥ Preceding Work: Disconnection of negative battery
cable

1. Lift up the vehicle and remove the skid plate.

2. Open the coolant reservoir cap and loosen the drain
cock to drain the coolant.

3. Remove the air inlet hose (1) from intake manifold.
4. Loosen the clamp and remove the coolant inlet hose

@).

INTAKE

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN

INTAKE SYSTEM

KYRON SM - 2005.09



18 |03

5. Remove the coolant inlet port housing.
6. Remove the vacuum hose from EGR valve.
7. Remove the EGR valve mounting bolts and gasket.

Remove the EGR exhaust pipe (primary) mounting
bolts and gasket.

Al NoTice

* Replace the pipes (2, 3) at both sides of EGR cooler
(1) and gaskets with new ones.

* Make sure that the convex surface of gasket is fac-
ing to the pressurized direction.

8. Remove the brackets and connectors from top section
of the engine.

1) Vacuum hose bracket in turbo charger
2) Booster pressure sensor

3) Main wiring bracket

4) Ground cable bracket

5) Fuel pressure sensor connector

9. Unscrew the bolts and remove the vacuum modulator
bracket.

Installation Notice

Tightening torque 9.0 Nm

INTAKE SYSTEM CHANGED BY
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10. Remove the HP pump fuel supply line bolts.

11. Remove the HP pump fuel supply line mounting
bracket.

12. Remove the HP pump fuel return line at fuel filter.

Al NoTice

» Plug the openings of pipes and ports with sealing
caps to keep the cleanness of the fuel system.

* Replace the pipes with new one once removed.

Ll
X
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13. Remove the injector return line at HP pump.

Al NoTice

» Be careful not to damage the pipes to HP pump.

e Plug the fuel return port of the HP pump with a seal-
ing cap.

L T
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14. Remove the intake manifold mounting bolts.

Installation Notice

Tightening torque 25+ 2.5Nm

Check the length of the bolts before installation.
M8 x 45: 6EA
M8 x 130: 6EA

16. Unscrew the bolt in oil filter and remove the intake
manifold and gasket.

Al NoTicE

* Replace the gasket with new one.

« Make sure that the residual coolant in intake
manifold gets into the inside of inlet port.

15. Lift up the vehicle and remove the propeller shaft
joint bolts.
i
Flis

17. Install in the reverse order of removal.

Al NoTicE

* Replace the gasket with new one.

« If replaced only gasket without any other service
operation, completely remove the coolant and
other contaminants from the engine before
installation.
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EXHAUST SYSTEM LAYOUT
COMPONENTS LOCATOR
» D20DT Engine
Muffler Exhaust Manifold EGR Valve

N ‘q S
_‘w 7 11— J

Turbo Charger Catalytic Converter (DOC) EGR Pipe
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» D27DT Engine

Muffler

Exhaust Manifold

EGR Valve

Turbo Charger

Catalytic Converter (DOC)

EGR Pipe

Vacuum Modulator
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EXHAUST GAS FLOWS

Catalytic Exhaust pipe
converter Muffler

A
— ? ] ﬂ —r— L — Atmo-
L sphere
A  Exhaust gas
[a—
Turbo charger - qp
(turbine side) <---—
: —-— D EGR booster
“--- | | vacuum modulator

modulator

To turbo
— = | charger booster
- SV . Turbo charger
’ booster vacuum
[—
:

Turbo charger

--— EGR valve
booster

Exhaust manifold

Blow-by gas

EGR pipe

Engine Exhaust Turbo Exhaust Atmo-
-Combustion Manifold Charger Muffler
Chamber- J sphere
A
Intake
EGR Valve |:> Manifold
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Exhaust Manifold

- Removal and Installation

1. Remove the two intake hoses from the turbo charger.

'_
]
-}
<
I
X
L

2. Remove the turbo charger assembly (refer to Turbo
Charger section).
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3. Remove the #3 pipe of EGR valve from the exhaust

manifold.

Installation Notice

Tightening torque

35 +3.5 Nm

e The #3 pipe of EGR valve is exposed to the high
temperature and pressure of exhaust gas. Replace
the gasket and pipe with new ones. Otherwise, it
may cause the leakage of exhaust gas.

4. Unscrew the nuts and remove the exhaust manifold

and gasket.

Installation Notice

Tightening torque

40+4.0 Nm

* Replace the gasket with new one.

5. Install in the reverse order of removal.

EXHAUST SYSTEM
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TURBO CHARGER ASSEMBLY

The turbo charger is an air pump installed on the intake manifold. It enhances power and increases torque power of
engine to increase the fuel consumption rate. The engine without turbo charger cannot get as much power output as
it inducts air by the means of vacuum being generated from descending strokes of the piston. Therefore, by installing
the turbo charger on the intake manifold, it supplies great amounts of air to the cylinder increasing the volume
efficiency and, subsequently, enhances output power.

Also, as the engine’s power enhances, it increases the torque power and improves the fuel consumption rate. The
regular turbo charger operates by utilizing the pressure from the exhaust gas and the other, called Super Charger,
operates by utilizing power from the engine. When the turbo charger is installed, weight of the engine increases by
10 to 15 % whereas the output power increases by 35 to 45 %.

D20DT -

EXHAUST

D27DT

» Operating Principle of Turbo

Charger (-
The turbo charger has one shaft where at each ends are < Impeller @Hbine
fa

installed with two turbines having different angles to con- ]
nect one end of housing to the intake manifold and the Intercooler A
other end to the exhaust manifold. As the turbine, at ex- 00660 J
haust end, is rotated by exhaust gas pressure the impeller, —

at intake end, gets rotated to send air around center of Intake Exhaust
the impeller, being circumferentially accelerated by the 1 A @)

centrifugal force, into the diffuser.

Intercooler
The air, which has been introduced to the diffuser having coolant

a passage with big surface, transforms its speed energy
into the pressure energy while being supplied to the cyl-
inder improving the volume efficiency. Also, the exhaust
efficiency improves as the exhaust turbine rotates. The
turbo charger is often referred to as the exhaust turbine
turbo charger.

Diffuser: With the meaning of spreading out it is a device that
transforms fluid’s speed energy into the pressure energy by
enlarging the fluid’s passage to slow down the flow.

CHANGED BY EXHAUST SYSTEM
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» Construction of Turbo Charger

The turbine wheel in turbo charger and compressor wheel are installed at each side of the shaft. It is comprised with
the shaft supporting center housing (supporting the compressor with two float journal bearings), the turbine side
parts of turbine wheel, shroud and turbine housing, and the compressor side parts of compressor wheel, back plate
and compressor housing.

1. The turbine rotates turbine wheel by receiving exhaust gas energy from the engine.

2. The compressor receives torque energy from the turbine and the compressor wheel inducts air to force it inside
of the cylinder.

1. Turbine housing A. Air inlet (from atmosphere)
2. Turbine wheel B. Air flow
3. Compressor housing C. Exhaust gas inlet (from cylinder)
4. Compressor wheel D. Exhaust gas outlet (to atmosphere)
5. Center housing E. Exhaust gas bypass passage
6. Turbo charger booster pressure control valve H. Oil supply opening
7. Control link J. Oil return line
8. Bypass flap
EXHAUST SYSTEM CHANGED BY

KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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» Impeller

The impeller is wings (wheel) installed on the intake end
and performs the role of pressurizing air into the cylinder.

The radial type has the impeller plate arranged in straight
line at the center of shaft and, compared to the backward
type, is being widely used as it is simple, easy to manu-
facture and appropriate for high speed rotation. As the
impeller rotates in the housing with the diffuser installed
in it, the air receives centrifugal force to be accelerated in
the direction of housing’s outer circumference and flows
into the diffuser.

As surface of the passage increases, air flown into the
diffuser transforms its speed energy into pressure energy
and flows into the intake manifold where the pressurized
air is supplied to cylinder each time the intake valve of
cylinder opens up. Therefore, the efficiency of compres-
sor is determined by the impeller and diffuser.

» Turbine

Turbine

Impeller

Turbine

Thrust collar Floating bearing

Turbine

Diffuser

Qil passage

The turbine is wings installed at the exhaust end where, by the pressure of exhaust gas, it rotates the compressor
and performs the role of transforming heat energy of exhaust gas into torque energy. The radial type is used as the
turbine’s wings. Therefore, during operation of the engine, the turbine receives temperature of exhaust gas and it
rotates in high speed, it requires to have sufficient rigidity and heat resisting property.

During operation of the engine, exhaust gas discharged through the exhaust valve of each cylinder makes turbine rotate
by coming in contact with the turbine’s wings from the outer circumference within housing of the turbine and is
exhausted through the exhaust manifold. At the same time, as the impeller is on the same shatft, it rotates.

» Floating Bearing

Floating Bearing is a bearing, which supports the turbine shaft that rotates at about 10,000 to 15,000 rpm. It could be
rotated freely between the housing and the shaft as it gets lubricated by oil being supplied from the engine.

Al NoTice

« Stopping the engine immediately after driving at high speed stops oil from being supplied to the bearing and
may cause it to get burnt. Therefore, the engine must be stopped after cooling the turbo system by suffi-

ciently idling the engine.
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» Booster Pressure Control Valve Unit (Turbo Charger Actuator)

In order to reduce discharging of hazardous exhaust gas and to avoid the engine’s overrun the turbo charger must be
appropriately controlled. The maximum turbo charging pressure must be controlled as excessive increase in the
pressure and power output can cause critical damages to the engine. In order to control these, the booster pressure
control valve is installed on the turbo charger.

The difference of the booster pressure control between the existing IDI engine and DI engine is that in IDI engine,
booster pressure of the intake manifold operates the booster pressure control valve connected directly to the turbo
charger whereas in DI engine, the control is achieved by utilizing vacuum modulator (vacuum from a vacuum pump)
designed to control the booster pressure control valve. It operates booster pressure control valve by supplying
electrical power to the vacuum modulator having the amount of air being flown into the HFM sensor from the engine’s
ECU as the base signal.

Refer to the EGR section in following pages for the function of turbo charger and HFM sensor in exhaust system.

Booster pressure control valve unit and vacuum modulator

Turbo charger booster

Turbo charger booster
vacuum modulator

D27DT

4

Turbo charger booster S e e e e Turbo charger booster _ -
vacuum modulator
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» Diagnosis and Maintenance for Turbo Charger System

Cautions During Driving

The following lists cautions to take during test drive and
on the turbo charger vehicle, which must be considered
during the operation;

1. It's important not to drastically increase the engine
rpm starting the engine. It could make rotation at
excessive speed even before the journal bearing is
lubricated and when the turbo charger rotates in poor
oil supply condition, it could cause damage of bearing
seizure within few seconds.

2. If the engine is running radically after replacing the
engine oil or ail filter brings poor oil supply condition.
To avoid this, it's necessary to start off after idling
the engine for about 1 minute allowing oil to circulate
to the turbo charger after the replacement.

3. When the engine is stopped abruptly after driving at
high speed, the turbo charger continues to rotate in
condition where the oil pressure is at ‘0. In such
condition, an oil film between the journal bearing and
the housing shaft journal section gets broken and
this causes abrasion of the journal bearing due to
the contact of metal parts. The repeat of such
condition significantly reduces life of the turbo charger.
Therefore, the engine should be stopped possibly in
the idle condition.

Al NoTice

» After string for long period of time during winter
season or in the low temperature condition where
the fluidity of engine oil declines, the engine, be-
fore being started, should be cranked to circulate
oil and must drive after checking the oil pressure
is in normal condition by idling the engine for few
minutes.

Inspection of Turbo Charger

When problem occurs with the turbo charger, it could
cause engine power decline, excessive discharge of
exhaust gas, outbreak of abnormal noise and excessive
consumption of oil.

1. Inspection when installed
1) Check the bolts and nuts for looseness or missing

2) Check the intake and exhaust manifold for
looseness or damage

3) Check the oil supply pipe and drain pipe for
damages

4) Check the housing for crack and deterioration
2. Inspection of turbine in turbo charger

Remove the exhaust pipe at the opening of the turbine
and check, with a lamp, the existence of interference
of housing and wheel, oil leakage and contamination
(at blade edge) of foreign materials.

1) Interference: In case where the oil leak sign exists,
even the small traces of interferences on the
turbine wheel mean, most of times, that abrasion
has occurred on the journal bearing. Must inspect
after overhauling the turbo charger.

2) Oil Leakage: Followings are the reasons for oil
leakage condition;

« Problems in engine: In case where the oil is
smeared on inner wall section of the exhaust
gas opening.

* Problems in turbo charger: In case where the
oil is smeared on only at the exhaust gas outlet
section.

Al NoTice

« Idling for long period of time can cause oil leak-
age to the turbine side due to low pressure of ex-
haust gas and the rotation speed of turbine wheel.
Please note this is not a turbo charger problem.
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4)

Oil Drain Pipe Defect

In case where oil flow from the turbo charger
sensor housing to the crank case is not smooth
would become the reason for leakage as oil builds
up within the center housing. Also, oil thickens
(sludge) at high temperature and becomes the
indirect reason of wheel hub section. In such case,
clogging and damage of the oil drain pipe and the
pressure of blow-by gas within the crank case
must be inspected.

Damages from Foreign Materials

When the foreign materials get into the system,
it could induce inner damage as rotating balance
of the turbo charger gets out of alignment.

Inspection of Turbine

Thoroughly check the followings.

Al NoTice

» Must absolutely not operate the turbo charger with
the compressor outlet and inlet opened as it could
damage the turbo charger or be hazardous dur-
ing inspection.

1. Interference: In case where is trace of interference or
smallest damage on the compressor wheel means,
most of times, that abrasion has occurred on the
journal bearing. Must inspect after the overhaul.

2. Oil Leakage: The reason for oil leakage at the
compressor section is the air cleaner, clogged by
substances such as dust, causes the compressor
inlet negative pressure;

1)

2)

Rotating in high speed at no-load for extended
period of time can cause oil leakage to the
compressor section as oil pressure within the
center housing gets higher than pressure within
the compressor housing.

Overuse of engine break (especially in low gear)
in down hill makes significantly low exhaust gas
energy compared to the time where great amount
of air is required during idling conditions of the
engine. Therefore, amount of air in the compressor
inlet increases but the turbo charge pressure is
not high, which makes negative pressure at the
compressor section causing the oil leakage within
the center housing.

Al NoTice

* No problem will occur with the turbo charger if

above conditions are found in early stage but oil
leaked over long period of time will solidify at
each section causing to breakout secondary

defects.

3. Damages by foreign materials: In case where the
compressor wheel is damaged by foreign materials
requires having an overhaul. At this time, it's
necessary to check whether the foreign materials
have contaminated intake/exhaust manifold or inside
of engine.

EXHAUST SYSTEM
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Path of Turbo Charger Defect

The following tries to understand the defects that can occur with vehicle installed with the turbo charger and to
manage the reasons of such defects.

1. In case where oil pan/oil pipe has been contaminated, oil filter is defected and where
adhesive of gaskets has been contaminated into the oil line.

Contamination of Oil

v v

Journal Bearing Clogging of Oil
Damage or Wear Passage
n
-]
<
I I i >
| Metal Contact | | Poor Oil Supply | »

| Shaft Journal Bearing Wear|

| Rotor Wear |

v v v

Interference of
Turbine and Com-
pressor Components

Seal Wear at Seal Wear at Intake
Exhaust System System

\l

| Oil Leakage |
Abnormal Noise Lack of Power/Poor
Acceleration (Lack of
Turbo Charged Pressure)
Check Booster Pressure Check Exhaust Gas Pipes
Control Valve
CHANGED BY EXHAUST SYSTEM
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2. Oil Pump Defect: Rapid over-loaded driving after replacing oil filter and oil and clogging of

oil line.

Poor Oil Supply

Metal Contact of Shaft /Journal Bearing/
Center Housing Inner Part

v

Journal Bearing/Center Housing Inner Part
Wear/Seizure

v

| Melt down of Bearing to Turbine Wheel Journal |

v

| Rotor Rotational Movement

v

\l

Seal Wear at Exhaust
System

Seal Wear at Intake

System

\/

| Oil Leakage

v

Interference of Turbine and
Compressor Components

Abnormal Noise

Y

Lack of Power/Poor
Acceleration (Lack of
Turbo Charged Pressure)

EXHAUST SYSTEM
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3. Turbine Side: Inflow of foreign materials from engine

Compressor Side: such as air filter, muffler and nut

Inflow of Foreign Materials

v

Inflow of Foreign Materials
into Turbine

v

Shaft Wheel Blade Break

v

Inflow of Foreign Materials
into Compressor

v

Compressor Wheel Blade

Break

EXHAUST

| Unbalancing Rotor Rotation|

v

| Rotor Bearing Wear |

v

| Rotor Turning Movement |

v v v

Seal Wear at Exhaust Seal Wear at Intake
System System

Interference of Turbine and
Compressor Components

\J

Oil Leakage

Y

Lack of Power/Poor
Acceleration (Lack of
Turbo Charged Pressure)

Abnormal Noise

CHANGED BY EXHAUST SYSTEM
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4. Defects caused by reasons other than that of the turbo charger.

| Oil Leakage at Turbine

v

| Excessive Engine Wear

Y

<In case where the scanner <Mechanical
displays as electrical malfunction>

Malfunction>

Oil Leakage at Turbine
Housing Entrance

Dampness or Poor Connec-
tion of Turbo Charger Actuator
Connecting Vacuum Circuit

Excessive Inflow of Blow-By
Gas, Ildling at Low Speed,
Clogging of Oil Drain Pipe

v

v

v

Oil Leakage at Seal

Misunderstanding of Oil
Leakage

Detection of DTC Code
Caused By HFM Sensor or
EGR Valve Malfunction

v

v

Carbonization Caused By
High Temperature

No Problems in Turbo
Charger System

Vacuum Modulator Power
Control Error for Controlling
Actuator in Engine ECU

v

Seal Wear

| Oil Leakage at Compressor

v

Oil Leakage

v

| Inflow of Dust

Oil Leak Sign at Compres-
sor Inlet and Outlet

v

Increase of Negative Pressure
Increase at Inlet Side

v

Excessive Inflow of Blow-By
Gas, No-Load High Speed
Rotation

Misunderstanding of Oil
Leakage

\i

No Problems in Turbo
Charger System

EXHAUST SYSTEM
KYRON SM - 2005.09
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How to Diagnose

The followings are cautions to take in handling defects of turbo charger, which must be fully aware of;

Cautions When Examining the Defects:

1. After stopping the engine, check whether the bolts on pipe connecting section are loose as well as the connecting
condition of vacuum port and modulator, which is connected to the actuator.

2. During idling of the engine, check for leakage in the connecting section of pipe (hoses and pipes, duct connections,
after the turbo charger) by applying soap water. The leakage condition in the engine block and turbine housing
opening can be determined by the occurrence of abnormal noise of exhaust.

3. By running the engine atidle speed, abnormal vibration and noise can be checked. Immediately stop the engine
when abnormal vibration and noise is detected and make thorough inspection whether the turbo charger shaft
wheel has any damages as well as checking the condition of connections between pipes.

4. In case where the noise of engine is louder than usual, there is possibility of dampness in the areas related with
air cleaner and engine or engine block and turbo charger. And it could affect the smooth supply of engine oil and
discharge.

5. Check for damp condition in exhaust gas when there is sign of thermal discoloration or discharge of carbon in
connecting area of the duct.

EXHAUST

6. When the engine rotates or in case where there is change in noise level, check for clogging of air cleaner or air
cleaner duct or if there is any significant amount of dust in the compressor housing.

7. During the inspection of center housing, inspect inside of the housing by removing the oil drain pipe to check for
sludge generation and its attachment condition at shaft area or turbine side.

8. Inspect or replace the air cleaner when the compressor wheel is damaged by inflow of foreign materials.
9. Inspect both side of the turbo charger wheel after removing inlet and outlet pipe of the turbo charger.

1) Isthe rotation smooth when the rotor is rotated by hand?

2) Isthe movement of bearing normal?

3) Inspect whether there has been any signs of interference between two wheels.

A\ NoTice

e It's important not to drive the engine when the intake manifold hose has been removed.

CHANGED BY EXHAUST SYSTEM
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Diagnosis and Measure

Poor Engine Power or Smoke Discharge

v

Air Cleaner Contamination
and Clogging of Oil Pass
Type Air Cleaner

Replace Air Cleaner
Element or Oil Pass Type
Air Filter

Slack between Compres-

v

Leaks at Exhaust Mani-
fold

Inspect and Repair Intake
Manifold

v

Clogging Between Air
Cleaner and Compressor

Clean or Replace Affected
Components

v

NO NO
———— | sor Entrance and Exhaust ————p»| Leaks at Intake Manifold
Manifold Connection
*YES ‘YES *YES
Reconnect Connections Inspect and Repair
Intake Manifold
NO
Poor Rotation or Interfer-
NO Leaks at Tgrbo Charger NO ence of Turbo Charger
» Connecting Flange »
Components
¢YES ¢YES
Refer to Diagnosis
Table
NO
NO Clogging Between Com- NO
——— | pressor Exit and Intake |———p| Clogging of Engine Muffler
Manifold
*YES *YES *YES
Clean or Replace
Clean cc):r ReplacetAffected Affected Compo-
omponents nents
NO
Weakness of Engine
NO Function, Intake/Exhaust
—

Clogging of Engine Intake/
Exhaust Manifold

*YES

Inspect and Repair
Related Components

Valve Damage, Timing
Defects of Each Valve

*YES

Inspect and Repair
Related Components

EXHAUST SYSTEM
KYRON SM - 2005.09
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» Before Diagnosis

The base of making diagnosis on the EGR related system is the inspection on the connections of the vacuum hoses
in related system as the first priority. When abnormal condition occurs with the EGR system, the basic approachiis,
as described in prior sentence, making detail inspections of vacuum circuits of each system before connecting the
scan tool or vacuum tester. It is necessary to manually check on the connections if there are any slacks or loose
circuits even if the visual inspection shows vacuum hose as being connected. If there are not any problems then the
next inspection area is the connections of the system connectors. Most problems with the occurrence of system
malfunction are from conditions of vacuum line and connector connections and the causes from the malfunction of
mechanical mechanism is actually very few.

For example, when there are no problems with basic components, let's assume that there is a vehicle having
vacuum leak from connection slack in the vacuum line between EGR vacuum modulator and EGR valve. This vehicle,
due to the driving condition or, according to the circumstances, smog or other conditions, could create customer’s
complaint and by connecting the scanning device could display as the malfunction of the EGR valve’s potentiometer.

As previously explained, this car has a separate controller to control the HUBER EGR and, in accordance with
various input element, the controller controls EGR valve by regulating the force of vacuum being applied to the EGR
valve through PWM control. At this time, the controller has to receive feedback whether the EGR valve operates
correctly according to the value sent to the EGR modulator and this role is performed by the EGR potentiometer
located at top section of the EGR valve.

In other word, the controller sent correct output value to the EGR vacuum modulator but, due to the leakage of
vacuum, signal of required value can not be received from the EGR potentiometer causing to display as malfunction
of related parts.

As a reference, the EGR valve of diesel vehicle (DI Engine) controlling from the engine ECU to EGR system has
different shape than the HUBER EGR valve because the EGR valve's operation signal in the DI engine is performed
by the HFM sensor instead of the EGR potentiometer.

This principle is that when the EGR valve opens up to flow exhaust gas into the intake unit the amount of fresh air,
comparatively, will be reduced. The DI engine ECU receives feedback signal of change in amount of air being passed
through the HFM sensor according to the opening amount of the EGR valve.

D20DT

HUBER EGR System for IDI Engine EGR System for DI Engine
(Including the EGR Valve Potentiometer)

CHANGED BY EXHAUST SYSTEM
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The other big difference between the HUBER EGR and EGR controller for DI engine is that from two vacuum
modulator, one is same as being the modulator for EGR valve whereas the HUBER EGR system’s the other modu-
lator controls ALDA of injection pump and the DI engine’s the other modulator controls waist gate of the turbo
charger.

This difference is in accordance with the difference in fuel injection method where the IDI engine has mechanical
injection system and DI engine is capable of making electronically controlled fuel injection.

In other word, to reduce the amount of the fuel injection in no-load rapid acceleration mode, the IDI engine’s HUBER
EGR utilizes solenoid valve to disconnect the connection circuit between intake manifold and ALDA causing nega-
tive pressure to occur in the vacuum modulator to reduce the amount of fuel injection. When DI engine, basing input
signal from the related sensors such as acceleration pedal sensor and engine RPM, recognizes that current mode
is the no-load rapid acceleration mode it reduces the amount of fuel injection by sending short electrical signal to the
injector. Therefore, disregarding the modulator for the EGR valve in DI engine, one must keep in mind that the other
modulator is used to control the booster pressure valve in turbo charger.

EXHAUST SYSTEM CHANGED BY
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When Engine Exhaust Gas shows White Smog or
Blue Smog

v

Poor Connection between
Compressor Outlet and
Intake Manifold

Reconnection

v

Clogging or Damage
between Air Cleaner and
Turbo

Clean or Replace Affected

Components

v

Improper Inspection of Air
Cleaner Contamination

Replace Air Cleaner
Element

EXHAUST

J

Poor Oil Seal at Turbo

NO > Oil Leak Sign Around NO > Clogging of Engine Oil
Intake Manifold Element
*YES ‘YES ‘YES
Inspect PVC Line Replace Oil Filter
NO
Oil Leakage at Seal . . .
NO between Turbo Charger NO Engine _Malfunctlon (Ring,
b b Piston, Valve)
and Compressor
*YES *YES *YES
Refer to Diagnosis Table Repagn(g;/ferhaul)
Excessive Consumption of Engine Oil
NO . . ; NO Poor Oil Seal at Turbo
- Improper_lvlsgosny Od -~ p»| Compressor Side (Oil leak
Engine Ol Being Use sign at housing and wheel)
*YES *YES *YES
Replace with Specified Oil Refer t$a5||29n03|s
NO
NO Oil Leakage at Engine
———— | Exhaust Manifold (damages

Turbine Side (trace of leakage
in housing and wheel)

*YES

Refer to Diagnosis Table

to ring, piston and valve)

‘YES

Inspect or Repair Manifold

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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Abnormal Noise from Turbo Charger System

v

Contamination or Clogging
of Air Cleaner

Clean or Replace If
required

Leaks at Pipe and Hose

Inflow of Foreign Material

v

L’ Duct Parts between L} to Compressor Entrance
Manifolds of Turbo Charger or Housing
*YES *YES *YES
Inspect and Repair Air
Inspect or Replace Cleaner Element and Turbo
Connections Charger after Removing
Foreign Materials
NO
. . Poor Rotation of Rotating
N40> Inflow of Foreign Materials N40> Turbo Charger Compo-

Inflow of Foreign Materials
to Intake Manifold

+YES

Inspect and Repair Air
Cleaner Element and Turbo
Charger after Removing
Foreign Materials

to Muffler

+YES

Repair Muffler and Turbo
Charger After Removing
Foreign Materials

nents and Interference

+YES

Repair Housing and
Turbo Charger and
Inspect Normal Opera-
tion for Engine

v

Check the Interference
between Rotating Turbo
Charger Components and
Housing

*YES

Refer to Diagnosis Table

NO

EXHAUST SYSTEM
KYRON SM - 2005.09
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Poor Rotation of the Turbo Charger

v

Compressor Wheel
Damages By Inflow of
Foreign Material

Repair or Replace Air
Cleaner Element and
Turbo Charger

Turbine Wheel Damages

v

Clogging of Compressor
by Dust

Repair or Replace Air
Cleaner Element and
Turbo Charger

Excessive Filling of Oil
When Installing

Oil Disappears After
Combustion

Deterioration of Turbo

NO . NO Interference of Compres-
— > By Inflow of Foreign — > sor Wheel with Housing
Material
*YES *YES *YES
Fatigue and Wear in
Repair or Replace Ex- Bearing or Shaft
haust Manifold Journal (Refer to
Diagnosis Table)
NO
Excessive Deposit of
NO Carbon or Combustion NO Gel Type Oil in Center
» Residues Inside of Turbine > Housing
Wheel by Oil Contamination
‘YES ‘YES ‘YES
Repair or Replace Turbo Repair or Replace Engine
Charger Oil Filter and Turbo
Charger
Oil Leakage at Turbine in Turbo Charger
. . . Gel Type Oil in Center
L} (;Ioggmg of Oil Drain L} Housing or Excessively
Pipes in Turbo Charger . :
Contaminated Oil
*YES *YES *YES
Clean or Replace Drain Repair or Replace
Line Engine Oil Filter and
Turbo Charger
; NO
NO Poor Engine Function
———— | (Too High Blow-by gas

Charger Journal

‘YES

Refer to Diagnosis Table

pressure in crankcase)

‘YES

Inspect PVC Line

CHANGED BY
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Oil Leakage at Compressor in Turbo Charger

v

Contamination of Air
Cleaner Element

Clean or Replace Air
Cleaner Element

Clogging or Damage of

v

Looseness in Connection
between Compressor

Outlet and Intake Manifold

Reconnect After
Inspection

v

Deterioration or Damage

L» Too High Oil Viscosity L} Pipe between Air Cleaner
and Turbo Charger
*YES *YES *YES
Replace Damaged
Replace With Specified Components after
Qil Cleaning clogged Area
NO
NO Oil Leakage at Intake NO Clogging of Oil Drain Pipe
» Manifold » in Turbo Charger System
‘YES *YES *YES
Inspect and Repair Intake Clean Clogged Area
Manifold After Inspection
NO
NO Clogging Between Com- NO
——— | pressor Outlet and Intake ————p»| Clogging of Engine Muffler

to Compressor Wheel

*YES

Clean, Repair or Replace
Air Cleaner Element and
Turbo Charger

Manifold

+YES

Refer to Diagnosis Table

+YES

Inspect PCV Line

EXHAUST SYSTEM
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Wear in Turbo Charger Inner Diameter and
Shaft Journal

v

Poor Oil Filling When
Installing or Replacing
Turbo Charger

Reinstall While Using
Specified Oil

v

Poor Oil Supply by
Clogging of Oil Supply
Pipe in Turbo Charger

*YES

Clean and Repair Dam-
aged Components

‘YES

Replace Oil Filter

NO inati il Fi NO il
> Contamination of Oil Flltgr > Lack of Oil in Turbo
or Use of Low Grade Oil Charger
*YES *YES *YES
Clean or Replace Air
Cleaner Element / Re- Add Oil During Idling
place With Specified Oil
NO
NO Clogai ¢ ine Oil NO Wear in Journal Section
e ogging of Engine OIl | Y g | By Clogging in Center
Filter Housing

*YES

Repair or Replace
Turbo Charger

v

Poor Function of Engine
Oil Pump

*YES

Inspect and Replace If
Required

% For other diagnosis, refer to Diagnosis section.

NO
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VGT (VARIABLE GEOMETRY TURBOCHARGER)

» Overview

VGT is a certain type of turbocharger system that increases the intake air volume by using the exhaust air flow.

The following chart shows the comparison values between a normal turbocharger and VGT regarding highest speed,
drive-off performance and pass-ahead acceleration.

1. Enhanced highest speed: 4.1% of the highest speed increases compared to normal turbocharger.

2. Enhanced drive-off performance: The time taken to reach from 0 kph to 100 kph decreases 15.1% compared to
normal turbocharger.

3. Enhance pass-ahead performance: This is evaluated by measuring the time taken to reach from 60 kph to 100 kph.
The shorter itis the better performance.

Z0 : - — —_— e
4.1% increase 15.1% decrease
18
16 — — -
Tl
= nl 15.1% decrease
12 > >
© ©
10 § e e le] ] §
2 g g
a 3 E g
= = e
L] £ = 8
o ke el=]n] 5
&4 z z =
£|acoD
2 5
zZ
n Highest speed (kph x 10) Drive-off sec. (0 -> 100 kph) Pass-ahead sec. (60 -> 100 kph)
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» Structure

EGR vacuum
modulator

Turbocharger actuator

Vacuum turpo-

Vacuum
1 modulator

EGR pipe

'_
]
-}
<
I
X
L

) Instrument panel ECU No.95

Oil return tube (passenger side)
No0.63-7.5A

—| Tightening Torque I

Turbocharger assembly

Turbine housi Turbocharger actuator
Tightening urbine housing
torque 25+ 25Nm

Adaptor pipe

Tightening | 25 + 2.5 Nm
torque

Oil supply tube

Upper Compressor housing
connection | 18+ 1.8 Nm
Lower | 154 1.8 Nm
connection
Oil return tube
Support bar Upper
PPEr 1 10+ 1.0 Nm
Upper connection
connection | 32 *3:2Nm . Lower
- S connection 10+ 1.0 Nm
Lower | 354+ 32 Nm .
connection
CHANGED BY EXHAUST SYSTEM
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» Components of VGT

%— Hollow bolt
Turbocharger

assembly ©@©—— Seal ring

Qil supply tube

charger
_actuator

Oil return tube

EXHAUST SYSTEM CHANGED BY
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—i Components

Bearing housing and centef =«
housing:

This encloses the bearing,

seal, oil recirculation path

and turbocharger shaft.

VGT actuator:

This prevent the turbocharged pressure
from increasing over the specified value.

Turbine housing:

This is located on the
exhaust manifold and
encloses the turbine wheel.

EXHAUST

= Compressor housing:
\ This induces the fresh air
to the compressor wheel

and supplies the com-
pressed air to the inter-
cooler through the hose.

Turbine wheel:

This is rotated by exhaust gas and
connected to the compressor wheel

Unisonring Compressor wheel (Impeller):

through turbocharger shaft. This is rotated by turbine wheel con-
nected through turbocharger shaft, and
compresses and draws the fresh air.

Y

Turbocharger shaft:

This is located within
center housing and
connects the turbine
wheel to the com-
pressor wheel.

Floating bearing: -

Turbocharger rotates at very high speed (100,000 ~ 150,000 rpm). To prevent the turbocharger from
being damaged, floating bearing is used for this system. This is lubricated by engine oil. If the engine
stops when the turbocharger is still hot, the bearing may be stuck because the oil cannot be supplied.
After high speed driving, run the engine at idle speed until the turbocharger cools down.

CHANGED BY EXHAUST SYSTEM
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» Components

In VGT system, the turbine and compressor are installed on a same shaft. And on the turbine shaft, 11 variable inlet
vanes are installed to change the flow of exhaust gas. Also, the round unison ring is mounted behind vanes to
activate all vanes concurrently. The turbine housing and compressor housing are installed to cover the turbine and
compressor, and the vane control actuator is installed to activate the unison ring towards the turbine housing.

VGT Solenoid Duty control  |Engine

Vane control valve - ECU

actuator

Unison ring

Turbine Alternator
uro! vacuum pump

housin .
g \ 3% M %\ Compressor
' Il - housing Vane control

actuator

Unison ring

Variable turbine

inlet vane Vane

Vane arm

Unison ring

The unison ring is designed to be capable to rotate either clockwise or counterclockwise and to connect to the vane
control actuator.

Variable turbine inlet vane

The variable turbine inlet vane is connected through the unison ring and vane arm, 11 vanes are rotated when the
actuator is activated. 11 vanes are used as a passage for the exhaust gas led to the turbine inlet. According to their
rotation, the flow passage area of exhaust gas varies. At low speed, the flow passage is narrowed and the flow speed
of the exhaust gas increases, resulting in increasing the delivery energy of turbine. At high speed, the flow passage
is widened and the much exhaust gas is generated, resulting in considerably increasing the delivery energy of
turbine.

Vane control actuator

The vane control actuator is connected to the VGT solenoid valve duty-controlled by the engine computer (ECU) via
the vacuum hose. Therefore, the duty rate of the solenoid valve is changed by ECU according to the operating
conditions and accordingly the movement of the actuator is controlled.

EXHAUST SYSTEM CHANGED BY
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» Principles

How it works at low speed

Normal turbocharger can't get the turbo effect because the amount of exhaust gas is not much and the flow speed

is slow in a low speed zone, but VGT allows the flow passage

of exhaust gas to narrow, resulting in increasing the

flow speed of exhaust gas and running the turbine quickly and powerfully. Therefore, as VGT can inhale more air than

normal turbocharger, it can give the benefit of the increased o

EGR valve

Booster - ---—
pressure |

Coolant i
tempera- it
ture T
Target booster pressu

ECU

Engine rpm 1 -

-~ Clutch signal
I Intake air

Feedback VGT (Airmass)

utput even in a low speed zone.

Intercooler

Accelerator pedal signal
Vehicle speed signal

mp (=]
£)
Intake air
temperature ~VGT
re modulator
Vane

,_E—-
t

|4 B I actuator
Duty control

Vacuum
pump

Duty control

Engine
ECU

VGT Solenoid
valve

Alternator
vacuum pump

Vane control
actuator

Unison ring

Vane

Vane arm

Basic principle at low speed

At low speed, it utilizes the principle of venturi. For example,
when air flows through the venturi tube, the flow speed is faster
and the pressure is lower at the point “A”. In this case, if the
inner diameter of venturi is more narrowed, the flow speed is
so much faster (refer to the equation).

High speed

Low speed

1':_1_} Al Flow tube Al #

V1xAl=V2xA2=Constant

= L = =
=D cHj = i
= /~3 = AN

Venturi tube

Venturi tube

Venturi tube
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How it works

In a high speed zone, the amount of exhaust gas increases and it is accompanied with a great force. Therefore, if the
inner diameter of venturi is more widened, the turbine in the turbocharger by the releasing force of abundant exhaust
gas can deliver a more increased energy to the compressor. The output will increase in submission to the increase

at low speed

of intake air volume.

EGRvalve
-

pressure

tempera- "
ture

ECU

Booster - ---

Target booster pressure

Feedback VGT (Air mass)

Intercooler

Accelerator pedal signal

Vehicle speed signal

== Clutch signal

Intake air

—

Intake air

Duty control

temperature ~VGT
modulator

L
-
actuator

Vacuum

pump

VGT So

lenoid Duty control  |Engine

valve - ECU

Alternator
vacuum pum |
pump High speed
1
Vane control . High speed
actuator 5
Unison ring Y|
vane Low speed
Vane arm
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Controlling VGT system

The VGT control system checks the engine revolution, accelerator pedal value, atmospheric pressure, booster
pressure, water temperature, intake air temperature, vehicle speed and clutch switch signal to determine the driving
conditions of a vehicle.

The booster pressure map that is targeted on according to the engine revolution and fuel injection volume is deter-
mined inside of ECU. The ECU drives the vane control actuator to control the booster pressure, by controlling the
solenoid valve to 300 Hz of frequency and the duty value. This helps to maintain the engine at its optimum condition.

Take a note that the booster pressure sensor is adopted, which is designed to perform the feedback control for
matching the booster pressure targeted by ECU by measuring the booster pressure actually. The feedback control
allows more accurate controlling.

8 Conditions for inhibiting VGT operation

. If the engine speed is less than 700 rpm

. If the coolant temperature is below approx. 0?
. If any part related to the EGR is defective

. Ifthe VGT actuator is defective

1
2
3
4
5. Ifthe booster pressure sensor is defective
6. Ifthe mass flow sensor is defective

7. Ifthe throttle flap is defective

8. Ifthe accelerator pedal sensor is defective
If

any of above conditions is met, ECU will not control the VGT system.
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» Notes and Check for VGT

Notes When Handling VGT

1. The turbocharger is sensitive to excessive vibration
coming from external impact. When exposed to
excessive impact or vibration, the inside mechanism
may be damaged even though the outside is intact.

2. The turbocharger should be kept horizontally. If there is much engine oil in the turbocharger and it is kept
vertically with the turbine housing downward, the engine oil may be provided to variable mechanism assembled
towards the turbine housing, which may lead to a malfunction of the variable mechanism.

O X

3. Never re-adjust the adjusting screw marked with yellow
paint or the axial end of actuator. Renew them if you
found looseness of the screw or actuator axle, because
they are shipped after precisely adjusting from the
factory.

4. Do notmove or assemble the actuator axle by grasping
itin hands. The actuator axle may be deformed, which
affects the precisely adjusted value.

EXHAUST SYSTEM CHANGED BY
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5. Afterinstalling to the engine, replenish a small amount
of clean engine oil to the inlet before connecting the
oil inlet pipe of the turbocharger.

6. Do not let any metal debris enter when installing to
the engine.

7. The engine oil may be provided to the compressor
housing if you rapidly operate the turbocharger with
excessive revolutions immediately after installing to
the engine.

1) Do not raise the engine rpm rapidly after starting
the engine.

2) Do not raise the engine rpm rapidly after renewing
the engine oil and filter element.

3) Do not stop the turbocharger rapidly after operating
at high engine speed.

Check and Service

The turbocharger is rarely out of order or damaged unless the engine is operated in abnormal conditions. Therefore,
it is not necessary to additionally check the turbocharger according to mileage or operation hours. Itis sufficient to
simply maintain or service the engine thoroughly.

EXHAUST

The following symptoms occur if there is a fault in the turbocharger:
1. reduced engine output

2. noisy engine operation

3. excessive engine oil consumption

4. excessive exhaust gas emitting

The symptoms may be due to a fault of the engine, not the turbocharger. In most cases, you can check the cause
of the fault visually before removing the turbocharger from the engine.

Check Procedures

1. Firstly, check conditions of the engine because the fault may be due to the engine, not the turbocharger.
2. Then, check conditions of the turbocharger as follows:

1) whether the compressor is damaged by metal debris or foreign materials.

2) whether the turbine is damaged by metal debris or foreign materials.

3) whether there is no contact between the wheel and the housing (check the bearing for damage).

4) whether there is damages or influences by hot temperature.

Diagnosis and Servicing

1. Operation conditions of actuator’s diaphragm: It is impossible to control the turbocharger when the operation is
poor.

2. Leaking of the turbocharger housing: More engine oil is consumed when leaking.

3. Damage on the turbocharger bearing: Noise can be heard during the turbocharger is operating (The whole
turbocharger may be damaged when the bearing is damaged).

CHANGED BY EXHAUST SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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» Removal and Installation

Basically, the turbocharger should be serviced at Ssangyong Authorized Service Center.

When eliminating the carbon deposit from the turbine wheel during the service procedure, use only soft brush or
solvent other than sand paper or metallic tools.

Adaptor pipe

Qil supply tube

Turbocharger
pressure regulator

Bolt

Support bar

Qil return pipe

Cautions When Removing/Installing

Use only the turbocharger with same specifications.

Replace the gasket and sealing with new ones once removed.
Tighten the fasteners with specified tightening torque.
Change the engine oil before starting the engine.

If suspected, check the oil supply pressure.

o ok~ w N PR

Check if the turbine nozzle actuator operates properly.

EXHAUST SYSTEM CHANGED BY
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Turbo Charger Assembly

- Removal and Installation

1. Remove the drain plug and drain the engine oil from
the oil pan.

Installation Notice

Tightening torque 25+ 2.5Nm

2. Remove the vacuum hose and inlet hose from the turbo charger.

Installation Notice

Tightening torque 6 ~7 Nm

'_
]
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3. Remove the bolts and nuts at the exhaust manifold in turbo charger.

Installation Notice

Tightening torque 25+ 2.5Nm

CHANGED BY EXHAUST SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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4. Remove the lower and upper bolts at turbo charger oil supply pipe.

Installation Notice

Tightening torque 18+£1.8 Nm

5. Remove the lower bolts at turbo charger oil return pipe.

Installation Notice

Tightening torque 10£1.0Nm

* Replace the steel gasket with new one.

EXHAUST SYSTEM CHANGED BY
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6. Remove the lower bolt at turbo charger bracket.
7. Remove the turbo charger bracket bolts.

Installation Notice

Tightening torque 32+ 3.2Nm

e Useonly 12 1/2" wrench.

D20DT

'_
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8. Remove the bolts and nuts at the turbo charger and the exhaust manifold.

Installation Notice

Tightening torque 25+ 2.5Nm

CHANGED BY EXHAUST SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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9. Remove the turbo charger assembly.
10. Install in the reverse order of removal.

Al NoTice

* Replace the steel gasket with new one.

» To prevent gas leaks, tighten the fasteners with
the specified tightening torques.

D20DT

EXHAUST SYSTEM CHANGED BY
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EGR VALVE AND VACUUM MODULATOR

EGR SYSTEM

» General Information

EGR system controls the opening value of EGR valve by
transmitting electrical signal (PWM control) from the en-
gine ECU to vacuum modulator. Also, the engine ECU
receives the feedback signals of the amount of air flowing
through the HFM sensor.

Various sensor —|

Signals .,

ECU

EXHAUST

1. EGRvalve
2. Vacuum modulator
3. Vacuum pump

4. EGR center pipe (EGR cooler)
5. Intake manifold

CHANGED BY
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EGR VALVE AND TURBO CHARGER ACTUATOR CONTROL VACUUM
CIRCUIT

» Vacuum Modulator

The biggest difference between the vacuum circuit and layout of the HUBER EGR system after K2004 has been
introduced is the location of the vacuum modulator for EGR valve control and the function of the other modulator. In
case of EGR equipped vehicle (IDI Engine), it performs the role of controlling the PLA of injection pump whereas, in
DI engine, it controls the turbo charger actuator.

Dl engine vacuum modulator

1. Turbo charger booster vacuum modulator
2. EGR valve vacuum modulator

@ To Turbo Charger Actuator (Gray) ] To turbo charger]
@ To EGR Valve (Black) actuator

&l To turbo charger "¢
actuator

1. Vacuum modulator for EGR valve control
2. Vacuum modulator for injection pump PLA control

EXHAUST SYSTEM CHANGED BY
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» Vacuum Modulator and Vacuum Hose

Below figures illustrate vacuum hoses and related parts of EGR or turbo where wrong or poor connection of vacuum
hose would display condition of engine irregularity and defect diagnostic codes on the scan tool.

Related with EGR valve

From vacuum pump

Vacuum modulator for
EGR valve control

Related with turbo charger actuator

Turbo charger pressure valve

Vacuum modulator for turbo From vacuum pump
charger booster control

EXHAUST SYSTEM
KYRON SM - 2005.09
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» EGR System Diagram

Intercooler

Intake
manifold

Exhaust
manifold EGR

valve ﬁ
Vacuum
h d Regulated Modulator «

vacuum pump

pressure

O Dut —‘:I
uty

B control U:I} )

Feedback EGR Air intake
(Air Mass) signal (for
Ecu " ontral
Improved target EGR
i i Turbo charger
Pedal RPM

signal signal

EGR valve

EGR valve recirculates some of exhaust gases to intake system to reduce toxic NOx from engine according to ECU
signals.

1. EGR valve opening point : -270 mmHg

EGR modulator

According to ECU signals, the vacuum modulator drives EGR valve by controlling vacuum pressure that is generated
by vacuum pump with PWM type controls.

EXHAUST SYSTEM CHANGED BY
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» Operation Principle of Vacuum Modulator

<:||]|] Vacuum

pump

<:::> Output vacuum

o ATM

— Connector

Plunger

EXHAUST

control

=

Atmospheric pressure - —
|

e v

A

During duty increase (B)

and magnetic force (Il) in plunger.

Air flow

fij,

During duty reduction (C)

Vacuum is controlled according to relationship between chamber pressure () in rolling nipple cover

Diaphragm

Seat assembly
Spring

Plunger

According to ECU signals, the solenoid valve controls the vacuum pressure that is generated by vacuum pump (-900
+ 20 mbar) with PWM type control and drives the mechanical EGR valve and turbo charger.
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Operating principle: Balance between original vacuum pressure and magnetic forcs (see aboe figure)

1. Normal state (Fig. A): Original vacuum and seat section, 3 stoppers keep sealing
2. Duty up state (Fig. B): Original vacuum pressure is connected to inside of diaphragm chamber

3. Duty down state (Fig. C): Increased diaphragm chamber pressure is connected to atmosphere to compensate
the pressure.

CV DUTY Floating plunger 4 Stroke
mbar (%) (mm)
/ Max. Distance =
70 DUTY 50% Imm
500 /

1Y T R L A
N

Output C/V

e —_—

=0.1s

= Operating principles when duty is applied from 0 to 50 %

Vacuum consumption: Compared to 50 % of duty, ON/OFF periods are most unstable and
vacuum consumption is most high.

L |

«— AC DC
Flowing A=DT10% VL—— —————————————————— ’—/— R

volume

worin, [ A

- 9 - purv | [ U
50% C=DT90% V W \

Output characteristics

700
600
=)
I 500 -
€
G /
= 400 P
=}
3 /
5
=%
5 200 Down —
(e} /
100 J
0
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 90 95 100
DUTY RATE(%)
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Operating conditions

N o ok~ oeDde

Engine is running

Engine RPM is within a specified range. (EGR OFF under high RPM range)

Engine torque is within a specified range. (EGR OFF under high torque range)

Vehicle speed is within a specified range. (EGR OFF under high speed range)

Atmospheric pressure is within a specified range. (EGR OFF under high altitude and low atmospheric pressure)
Coolant temperature is within a specified range. (EGR OFF under high or low temperature)

EGR OFF under extended period of idling.

Control logic

. Main map: EGR volume is controlled based on intake air volume
. Auxiliary map

1) Coolanttemperature (Coolant temperature sensor)

2) Engine rpm (Crankshaft position sensor)

3) Engine load (TPS): Detection of sharp acceleration

4) Intake air temperature (HFM): Decreases when over 60°C

EXHAUST

5) Atmospheric pressure (Barometric sensor): Compensation of altitude

Compensation value of auxiliary map will be increased/decreased based on main map then ECU calculates EGR
volume finally to regulate the vacuum duty that applies to the vacuum modulator to control EGR valve openings.

Shut-off conditions

W nN

Engine rpm: over 2,950 rpm

Vehicle speed: over 105 km/h

Coolant temperature: over 100°C or below 10°C
Idle period: over 50 seconds

CHANGED BY EXHAUST SYSTEM
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EGR Valve and Pipe

- Removal and Installation

1. Remove the vacuum hose from the EGR valve.

D20DT

2. Unscrew the bolts and remove the EGR valve (2), EGR
valve #1 pipe (1) and gasket.

Installation Notice

Tightening torque 25+2.5Nm

EXHAUST SYSTEM CHANGED BY
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3. Remove the EGR valve #1 pipe, #2 pipe, #3 pipe and
gaskets from the engine.

Installation Notice

25+2.5Nm

Tightening torque

4. Install in the reverse order of removal.

Al NoTicE

« Make sure to observe the specified tightening
torques.

* Never reuse the EGR #1 pipe (intake) and #3 pipe
(exhaust) once removed (only D27DT).

* Replace the gaskets with new ones.

D27DT Rk &
g S

EGR #3 pipe (RH)
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Vacuum Modulator

- Removal and Installation

1. Remove the vacuum hose from the vacuum modulator.

2. Remove the vacuum modulator from the bracket.

Installation Notice

Tightening torque 10+ 1.0 Nm

3. Install in the reverse order of removal.

Al NoTice

* Make sure that the vacuum hoses are connected
to correct locations.

EXHAUST SYSTEM CHANGED BY
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EXHAUST SYSTEM AND MUFFLER

DOC (Diesel Oxidation Catalyst)

MUFFLER

The muffler is located at the middle of the exhaust pipe and reduces the pulse noise and the tail pipe noise by
eliminating the flowing resistance from the exhaust gas.

The important elements of the muffler are volume, construction and location.

CHANGED BY
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SYSTEM OVERVIEW

» Exhaust System

Check the complete exhaust system and the nearby
body areas and trunk lid for broken, damaged, missing
or mispositioned parts, open seams, holes, loose
connections, or other deterioration which could permit
exhaust fumes to seep into the trunk may be an indica-
tion of a problem in one of these areas. Any defects
should be corrected immediately.

Al NoTice

« When you are inspecting or replacing exhaust
system components, make sure there is adequate
clearance from all points on the underbody to
avoid possible overheating of the floor panel and
possible damage to the passenger compartment
insulation and trim materials.

» DOC (Diesel Oxidation Catalyst)

DOC (Diesel Oxidation Catalyst) is the purification de-
vice to reduce the toxic emissions from the exhaust gas
from the engine. By using the chemical reaction, the
amount of toxic gas such as NOx can be reduced.

Al NoTice

» To prevent damage of DOC, never contact the
lift pad when lifting up the vehicle.

» Muffler

Aside from the exhaust manifold connection, the ex-
haust system uses a flange and seal joint design rather
than a slip joint coupling design with clamp and U-bolts.
If hole, open seams, or any deterioration is discovered
upon inspection of the front muffler and pipe assembly,
the complete assembly should be replaced. The same
procedure is applicable to the rear muffler assembly.
Heat shields for the front and rear muffler assembly and
catalytic converter protect the vehicle and the environ-
ment from the high temperatures that the exhaust sys-
tem develops.

» Heat Shield

The heat shield protects the vehicle and components
from the high heat generated from the exhaust system.

In this vehicle, the heat shield to block the heat from
DOC is installed to the underbody, and the heat shield
to block the heat from the rear muffler is installed to the
underbody between the fuel tank and the rear muffler.

» Hanger

The hanger is to support the components.

If the ganger is not properly installed, it may cause the
vibration that is very difficult to diagnose. Therefore, in-
stall the hanger to the correct location so that the ex-
haust system cannot contact to the underbody and other
components.

EXHAUST SYSTEM
KYRON SM - 2005.09
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» DOC (Diesel Oxidation Catalyst)

System and principle

Oxidation catalytic technology for diesel engine is basi-
cally the same with it of gasoline engine used before
development of 3 primary catalyst (2 primary catalyst),
and its effect and performance were already proved.

DOC (Diesel Oxidation Catalyst) reduces HO and CO
contained exhaust gas over 80 %, and removes SOF
(Soluble Organic Fraction) over 50 ~ 80 %, but because
its portion in total PM is low, it reduces approx, 20 ~ 40
% of TPM (Total Particulate Material).

Because of low reducing rate for PM of DOC, in order to
guarantee safety rate of PM regulation, this technology
is being used mainly. And it should keep over 80% of
PM reducing rate, and at present it plays a role as a
transition stage.

And also it reduces diesel odor and black smoke, plati-
num or palladium are being used as a catalyst.

On the other hand, it is a problem that it makes the
reaction of oxidation, which SO: produce SOz and H:
SO. by reacting to oxygen in exhaust gas, if tempera-
ture of exhaust gas becomes over 300°C, and this pro-
duced gas is very harmful to human body. To prevent s,
previously it is requested that the sulfur content rate of
fuel should be below 0.05 %, and in the future it is being
expected to keep it below 0.01 %.

Catalytic converter structure

The Catalytic converter of monolith type consists of 2
walled metal bodies which is made of Cordierite.

The principal element of converter consists of the mate-
rials like Alumina or oxidized Serume in order to apply
to Ceramic Monolith. Washer coat operates first, and
catalytic metal elements (Pt, Pd, Ph) operates to washer
coat next.

Monolith type is lighter than other types, easy to manu-
facture and quickly approaches to proper temperature.

Washer coat is used to make a contact surface with
exhaust gas bigger by adhering closely to small holes
of inner layer.

If a lead compound or phosphorus adheres to the sur-
face and the temperature rises, its surface is decreased.

The total area of general monolith converter is about
45,000 ~ 500,000 ft3. (10 times of a football field)

Generally Alumina (AL20?®) is used as a raw material
and its 7 phases of gamma, delta, theta have big areas
and high stability for the temperature, and nowadays
gamma Alumina is used usually.

Cover
Insulation
Mat

Upper part of
converter

Lower part of
converter

Monolith
catalyst

- -
- -
Inlet gas Outlet gas
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Catalytic converter and temperature

Catalytic converter has the normal function of purification
at a range of the temperature. Because it has a weak
point of decreasing of the purification rate in the condition
of continuous high temperature, it should keep the tem-
perature range of 400 to 500°C for normal condition. HC
purification rate becomes better according to the increase
of temperature in the normal range of temperature. CO
purification rate becomes the best near the temperature
of 450°C, and NOx does so near the temperature of 400
to 500°C.

Purification of catalytic converter

1. Adhesion of soluble organic fraction (SOF) below 180°C
2. Purification of soluble organic fraction (SOF) over 180°C

Chemical reaction formula

1. SOF (HC)+02.......... 02 +H20
2. 2CO+02 oo, 2CO2
3. 2C2H6+702............. 4C0O2 +6H20

6. Oxygen adheres to catalytic material : below 180°C

X

3

5 0 oo o\

B

.  —
Aldehide |
———— > CO:
Aromatic 1 H.0
HC — SO:
SO, [ —1 NO
NO : e — >

:

o O

Catalytic Material

Catalytic Material + %

EXHAUST SYSTEM
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5. Catalytic material supplies each CO and HC with O2
for their oxidation : above 180°C

@ ©o @

Lod N/

Catalytic Materiall — | Catalytic Material

6. Catalytic material conversion process by DOC

C,Hyp.0 PAH (Aromatic HC) -
(%)
D
<
I
x
S0,+H,0 L
SOZ+H o)
Catalyzer
CO+1/20, ——» CO,
HC + O, — CO,+H,0
PAH + O, —_— CO,+H,0

Aldehydes + O, —  CO,+H,0

Method for reduction of NOx

NOx is generated a great deal in case that combustion
temperature and excess air factor are high. EGR valve
can decrease NOx (30 to 35% decrease) by making tem-
perature of combustion chamber fall by means of exhaust
gas re-circulation.

CHANGED BY EXHAUST SYSTEM
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Exhaust Pipe

- Removal and Installation

1. Remove the upper bolts at turbo charger.

Al NoTice

e Use the universal type wrench.

2. Remove the lower bolts and gasket.

3. Remove the #1 hanger.

4. Remove the #2 hanger.

EXHAUST SYSTEM CHANGED BY
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5. Remove the #3 hanger.
6. Remove the exhaust pipe.
7. Install in the reverse order of removal.
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LUBRICATION SYSTEM

» D20DT Engine

Cylinder Head Cover

Oil Dipstick

Qil Separator

Qil Filter

e

%Hﬂﬁﬁﬁﬁf~a-

Oil Pump

Oil Pan

Oil Cooler

Oil Pressure Switch

LUBRICATION SYSTEM

KYRON SM - 2005.09
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» D27DT Engine

Cylinder Head Cover

Oil Dipstick

Qil Separator

Oil Filter

Oil Pump

Oil Cooler

@)

Pressure Switch
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LUBRICATION SYSTEM LAYOUT

Main oil gallery: ¢ 16
Hole to cylinder head: ¢ 9
Main bearing hole: ¢ 7
Chain and injection pump: ¢ 7
. Return hole: ¢ 14
Cylinder Head Chain nozzle: ¢ 1
HP pump bearing: ¢ 6

]'@é;g?é\v k7

MK@Q

',‘ %3‘;}) -‘id&
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.,_“T M//%
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LUBRICATION DIAGRAM
Camshaft Vacuum
Chain lubrication REF-Roller bearing pump
E— —_—
Oil tensioner
check valve
Return check valve 0 Qil injection Turbo
to cylinder head nozzle charger Connecting  Main
i Thrust bearing rod bearing bearing
Filter by-pass valve
> <] [a1]
)
oil -
filter
By-pass
throttle TH
—_— ] —
Contaminated o Clean oil gallery
—= 0il gallery l
Oil * Relief valve
pump
Oil cooler
Qil pan

% 1. Opening pressure of by-pass valve in oil filter: 3 £ 0.4 bar

2. To prevent instant oil shortage after stopping the engine, the return check valve is installed in oil supply line of

cylinder head.
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SPECIFICATIONS

Engine oil Specification

Approved by MB Sheet 229.1 or 229.3
Viscosity: See MB Sheet 224.1

Capacity

6.8 ~ 8.3 liter

Service interval

Initial change: 5,000 km, Change every 10,000 km or
12 months (Frequently check the oil level and add if needed.
And, every 5,000 km or 6 months under severe conditions)

Engine oil filter

Same interval with engine oil

Qil relief valve opening pressure

5.8 + 0.3 bar

¥ Severe Condition:

1. When most trips include extended idling and/or frequent low-speed operation as in stop-and-go traffic.

2. When most trips are less than 6 km (Operating when outside temperatures remain below freezing and when

most trips are less than 16 km)

3. When operating in dusty, sandy and salty areas

4. In hilly or moutainous terrain
5. When doing frequent trailer towing

» Oil Pressure Switch

1. Operating temperature: -40 ~ 140°C
2. Operating pressure: 0.3 ~ 0.55 bar
3. Permissible pressure: 10 bar

LUBRICATION SYSTEM
KYRON SM - 2005.09
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» Oil Pump

D20DT D27DT

(3 | by
Engine Oil Relief Valve Opening Pressure
MB SHEET
D20DT, D27DT 229.1/3 5.8 £ 0.3 bar
SAE 10W 40, 5W 40

1. Enlarged pump capacity: Width of tooth (pump gear): 33 mm
2. Increased number of teeth (sprocket): 26

» Oil Cooler
1. Oil cooler mounting bolt: M6 x 16: 4

Installation Notice

Tightening torque 10 Nm

2. Replace two oil cooler gaskets with new ones when
the oil cooler has been removed.

CHANGED BY LUBRICATION SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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» Blow-by Gas Reduction Device

PCV valve + oil
separator

to air duct
hose

» Cylinder Head Cover

D20DT

Blow-by gas inlet port Baffle plate

7

U-type oil
drain pipe

Blow-by gas inlet port Baffle plate

T Uype ol /

drain pipe

Baffle plate assembly: The baffle plates in cylinder head cover separates oil and gas from blow-by gas, and
controls the blow-by gas speed to send only gas to separator.

LUBRICATION SYSTEM

KYRON SM - 2005.09
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» Oil Separator

Inlet port (oil + gas)
(connected to cylinder head

cover through blow-by hose)

Outlet port (gas only)
(connected to air duct hose)

Qil drain (oil only)

(connected to oil pan through
oil dipstick tube)

The first separation will happen when blow-by gas passes through baffle plates in cylinder head cover; then oil and
gas will be separated due to cyclone effect after entering the oil separator inlet port. Separated oil returns to oil pan

LUB

via oil drain port and the gas will be burnt again after entering the combustion chamber through air duct hose via PCV
valve that opens/closes due to pressure differences between the intake side and crankcase.

» Engine Oil Pressure Check

Check the oil level and quality before checking the oil
pressure.

1. Drain the engine oil.

2. Disconnect the oil pressure switch connector and
remove the switch.

3. Install the oil pressure gauge into the switch hole. Start
the engine and let it run until the coolant temperature
reaches at normal operating temperature (80 ~ 90°C).

4. Raise the engine speed by 2000 rpm and measure
the engine oil pressure.

Specified oil pressure 2.5 ~ 3.0 kg/cm?
(2000 rpm)

5. Install the switch and engage the connector.

A\ NoTice

* Apply the Loctite onto the thread of the switch and
check for oil leaks.

Tightening torque 120 ~ 160 kg/cm?

CHANGED BY
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ENGINE OIL CHANGE

Change interval: Initial change 5,000 km, Change every 10,000 km or 12 months

Frequently check and add if needed. Shorten the change interval under severe conditions.

Severe condition:
1. When most trips include extended idling and/or frequent low-speed operation as in stop-and-go traffic.

2. When most trips are less than 6 km (Operating when outside temperatures remain below freezing and when
most trips are less than 16 km)

3. When operating in dusty, sandy and salty areas
In hilly or moutainous terrain
5. When doing frequent trailer towing

Al NoTice

» Water separation from the fuel filter should be performed when changing the engine oil.

E

» Engine Oil Changing Procedures
1. Park the vehicle on the level ground and warm up the
engine until it reaches normal operating temperature.

2. Stopthe engine and wait around 5 minutes. Remove the
oil filler cap, oil filter and oil drain plug to drain the oil.

Al NoTice

« After driving, the engine oil temperature may be high
enough to burn you. Wait until the oil is cooled down.

3. Install new oll filter and tighten the drain plug with
specified tighten torque.

Oil drain plug 25+ 2.5 Nm

Al NoTice

« Over-tightening may cause oil leaks.
* Replace the drain plug washer with new one.

4. Fillthe engine oil through the oil filler opening.

Al NoTicE

« The oil should not go above the upper mark on the
dipstick. This would lead, for example, to increased
oil consumption, fouling of the spark plugs and ex-
cessive formation of carbon residue.

5. Close the oil filler cap and start the engine.

6. Stop the engine again and check the oil level. Add the
engine oil if needed and check for the oil leaks.

LUBRICATION SYSTEM CHANGED BY
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Engine oil filter change

1. For changing procedures, refer to the “Lubrication System” section in this manual.
1) Lubricate the engine oil gasket with engine oil before installation.
2) Tighten it with the specified tightening torque.

Qil filter 25+ 2.5 Nm

D20DT

LUB

D27DT

CHANGED BY LUBRICATION SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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Oil Filter and Cooler

- Removal and Installation

% Preceding Works:
1. Draining of engine oil
2. Removal of EGR vacuum modulator bracket

1. Remove the oil cooler hoses (supply and return lines).

2. Disconnect the ground cable from the oil pressure
switch.

3. Remove the oil cooler and filter mounting bolt.

Installation Notice

Tightening torque 23+ 2.3 Nm

e Pay attention to the length of bolts.

4. Remove the oil cooler and filter assembly from the
cylinder block.

Al NoTicE

e The oil cooler and filter assembly cannot be re-
placed separately.

LUBRICATION SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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5. Install in the reverse order of removal.

LUB

CHANGED BY LUBRICATION SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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OIL PUMP

D20DT

D27DT

Oil Pump - Removal and
1. Remove the oil pan.
Tightening torque Nm
M6 x 20 10+ 1.0
M6 x 35 10+£1.0
M6 x 85 10+ 1.0
M8 x 40 25+25
LUBRICATION SYSTEM CHANGED BY

KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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Remove the oil pump.
Remove the screw plugs and the relief valve.
Install in the reverse order of removal.

ok~ DN

Start the engine and check for oil leaks.

Oil Dipstick Guide Tube

- Removal and Installation

1. Pull out the engine oil dipstick.
2. Remove the EGR valve pipe (No.3).

Installation Notice

Tightening torque 35+ 3.5 Nm

» Replace the pipe with new one.

3. Unscrew the bolt and remove the oil dipstick guide
tube.

Installation Notice

Tightening torque 10 Nm

* Replace the O-ring with new one.

4. Install in the reverse order of removal.

Al NoTice

» After installation, check for oil leaks.

CHANGED BY LUBRICATION SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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OIL SPRAY NOZZLE

1. Fitting sleeve 3. Combination bolt............ccccciiiieiieee e,
2. Oil spray nozzle a. Oil duct

Disassembly

1. Remove the oil pan or crankshatft.
2. Unscrew the bolts and remove the nozzle.

LUBRICATION SYSTEM CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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OIL PANASSEMBLY

© 00 N O O~ WDN PP

e e =
w N P O

. Oil pump

. Oil pump cover

. Bolt

. Drain plug washer

. Drain plug ....... 25 + 2.5 Nm (replace the washer)
. Spring pin

. Oil pump drive shaft

. Oil pump driven shaft

. Oil pump relief valve piston
. Spring

. Oil pump relief valve pin

. Oil pump relief valve plug

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

Washer

Bolt

Oil pump roller chain

Oil pump chain lock link
Oil pump chain tensioner
Oil pump chain spring
Bush

Oil pump sprocket

Bolt

Cylindrical pin

Oil pump sprocket assy
Oil pump screen assy
Basket

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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REMOVAL AND INSTALLATION OF ENGINE OIL PAN

% Preceding Work: Remove the front axle assembly and drain the engine coolant.

A\ NoTice

* For removing the oil pan, unscrew the engine mounting bolts and raise the engine assembly slightly. Otherwise,
the oil strainer gets interfered with frame.

« Do not excessively raise the engine assembly. It may damage the pipes, hoses and wiring harnesses.

1. Unscrew the engine mounting bolts and raise the engine assembly slightly.

-
— - = =

—_— m

RH Mounting Bolt

L

Tightening torque:M6 bolt (10 Nm = 1)
M8 bolt (25 Nm £ 1)

LUBRICATION SYSTEM CHANGED BY

KYRON SM - 2005.09 EFFECTIVE DATE
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3. Lower the engine oil pan and remove the oil pump assembly with oil pan. At this moment, the oil pan rests on the
axle housing and front sub frame.

Hex bolt 1 for
oil pump

Hex bolt 2 for
oil pump

Baffle plate

Hex bolt 3 for
oil pump

Hex bolt oil pump
Tightening torque: 25 + 2.5 Nm

CHANGED BY LUBRICATION SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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TROUBLE DIAGNOSIS

Symptom Cause Action

* Loosened oil drain plug  Retighten
* Loosened oil pan bolts * Retighten
* Poor sealing at oil seal * Replace
« Loosened oil filter * Retighten
« Loosened oil pressure switch  Retighten
« Poor sealing at camshaft front oil seal * Replace
 Poor sealing at crankshaft front oil seal * Replace
» Poor sealing at crankshaft rear oil seal * Replace

Excessive. ol » Poor sealing at cylinder head cover gasket * Replace

consumption
e Damaged cylinder head cover gasket * Replace
« Oil intrusion into combustion chamber * Clean

« Stuck piston ring

* Worn piston or cylinder

« Worn piston ring or ring groove

« Improper position of ring cut-outs

« Worn or damaged valve mechanism
* Oil leaks

« Defective turbo charger

« Remove carbon or replace ring

« Boring or replace

* Replace piston and piston ring
e Adjust

Replace

* Repair
» Check

Low engine oil
pressure

Defective lubrication system

e Improper viscosity

e Loosened oil pressure switch

« Low engine oil level

 Poor oil pump

* Worn or damaged oil pump relief valve
« Clogged oil filter or oil strainer

* Oil leaks

* Replace with specified oil

Retighten

* Add

Replace

Replace

* Replace or clean

* Repair

LUBRICATION SYSTEM
KYRON SM - 2005.09
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SPECIAL TOOLS AND EQUIPMENT

Name and Part Number Application

103 589 02 09 00

Engine filter cap

LUB

CHANGED BY LUBRICATION SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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COOLING SYSTEM

» D20DT Engine

Coolant Reservoir Water Pump

Cooling Fan and Fan Coolant Temperature
Clutch Sensor

Ao
I8

COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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» D27DT Engine

Coolant Temperature
Sensor

Coolant Reservoir

O
Z
|
o
@]
O

Radiator Water Pump Cooling Fan

¥ FFH (Fuel Fired Heater): refer to “FFH System” in this manual.

CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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ENGINE COOLING SYSTEM

Radiator

J

h, Cylinder head )

=| Thermostat <

| | I
an

Water pump Tcylinder block
<=

M) ; -
' )
i
i

191E9H

Radiator

\

Qil cooler

<FFH Engine Coolant Flows>

« Cylinder block side
Block #5 —Oil cooler —Heater —Heater water pump inlet pipe —Water pump

e Cylinder head side
Cylinder head —Coolant outlet port (intake #1) —Radiator —->Water pump

COOLING SYSTEM CHANGED BY

EFFECTIVE DATE
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» Function Description

D20DT

Coolant
outlet port

outlet
port

1. Cylinder head coolant outlet port is integrated into intake manifold. (in front of cylinder #1)
: Improved shape and gasket material to prevent coolant from leaking

From cylinder head

) ARRANNARNRRRRNY \\-
AN

_'1'1'1'1'1'

\AANANNNNNNNY|

From reservoir

COOLING

2. In OM 600 engine, coolant inflows through the heater line rear section (cylinder #4 and #5) of cylinder head.
However, in D27DT engine, coolant inflows from cylinder block through oil cooler (refer to coolant flows layout in

previous page).

: It prevents cooling efficiency from decreasing due to coolant separation between cylinder #4 and #5.

3. In OM 600 engine, the cooling fan is installed with water pump, however, in case of D27DT engine, itis connected
to water pump with an additional pulley.

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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Radiator

This vehicle has a lightweight tube-and-fin aluminum
radiator. Be careful not to damage the radiator core
when servicing.

Water pump

The belt-driven centrifugal water pump consists of an
impeller, a drive shaft, and a belt pulley. The impeller is
supported by a completely sealed bearing.

The water pump is serviced as an assembly and,
therefore, cannot be disassembled.

Coolant reservoir

A\ NoTice

» Scalding hot coolant and steam could be blown out
under pressure, which could cause serious injury.
Never remove the coolant reservoir cap when the
engine and radiator are hot.

The coolant reservoir is a transparent plastic reservoir,
similar to the windshield washer reservoir. The coolant
reservoir is connected to the radiator by a hose and to
the engine cooling system by another hose. As the ve-
hicle is driven, the engine coolant heats and expands.
The portion of the engine coolant displaced by this ex-
pansion flows from the radiator and the engine into the
coolant reservoir. The air trapped in the radiator and
the engine is degassed into the coolant reservoir.

When the engine stops, the engine coolant cools and
contracts. The displaced engine coolant is then drawn
back into the radiator and the engine. This keeps the
radiator filled with the coolant to the desired level at all
times and increases the cooling efficiency. Maintain the
coolant level between the MIN and MAX marks on the
coolant reservoir when the system is cold.

COOLING SYSTEM
KYRON SM - 2005.09
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» Thermostat

A wax pellet-type thermostat controls the flow of the
engine coolant through the engine cooling system. The
thermostat is mounted in the water pump housing. The
thermostat stops the flow of the engine coolant from
the engine to the radiator to provide faster warm-up,
and to regulate the coolant temperature. The thermo-
stat remains closed while the engine coolant is cold,
preventing circulation of the engine coolant through the
radiator. At this point, the engine coolant is allowed to
circulate only throughout the heater core to warm it
quickly and evenly. As the engine warms, the thermo-

stat opens. This allows the engine coolant to flow
through the radiator where the heat is dissipated. This
opening and closing of the thermostat permits enough
engine coolant to enter the radiator to keep the engine
within proper engine temperature operating limits. The
wax pellet in the thermostat is hermetically sealed in a
metal case. The wax element of the thermostat expands
when it is heated and contracts when it is cooled. As
the vehicle is driven and the engine warms, the engine
coolant temperature increases. When the engine cool-
ant reaches a specified temperature, the wax pellet el-
ement in the thermostat expands and exerts pressure
against the metal case, forcing the valve open. This
allows the engine coolant to flow through the engine
cooling system and cool the engine. As the wax pellet
cools, the contraction allows a spring to close the valve.

The thermostat begins to open at 85°C and is fully open
at 100°C. The thermostat closes at 85°C.

COOLING

Operatin .
Thermostat P g Opening Value (mm)
Temperature (°C)
Begins to open 85°C 0.1 mm
Fully open 100°C 8 mm

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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When closed (up to 85°C)

X. from cylinder head
Y. to crankcase

Z. from radiator

When partially opened (85°C ~ 100°C)

When fully opened (above 100°C)

If the cooling system is fully filled with, the coolant is
automatically bled through ball valve (arrow) in
thermostat.

2, v,

COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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Viscous fan clutch
The cooling speed increases approx. 1,000 rpm with wind 16 1
noise when the engine speed is 4,000 to 4,500 rpm and 15 S 2
the coolant temperature is 90 to 95°C. 14 NS |
D S
Al Norice 12 i ‘
« Keep hands, tools, and clothing away from the en- 11 | H
gine cooling fans to help prevent personal injury. N 4
This fan is electric and can turn on even when the 10 S 7\7|
engineis not running. 9 | 5
N | —)
A NOTICE
« If a fan blade is bent or damaged in any way, no
attempt should be made to repair or reuse the dam- > S
aged part. A bent or damaged fan assembly should 6J ;
always be replaced with a new one to prevent pos- A
sible injury. S
1. Clutch housing 9. Pin
2. Drive disc 10. Bi-metal
3. Flange 11. Bracket cover
4. Sealring 12. Separator disc
5. Needle bearing 13. Supply port
6. Cooling fan 14. Levervalve
7. Oil scraper 15. Oil chamber
8. Spring 16. Operating chamber

The cooling fans are mounted behind the radiator in
the engine compartment. The electric cooling fans in-
crease the flow of air across the radiator fins and across
the condenser on air conditioner. The fan is 320 mm in
diameter with five blades to aid the airflow through the
radiator and the condenser. An electric motor attached
to the radiator support drives the fan.
1. A/C Off or Non-AC Model
1) The cooling fan operates at low speed when the
coolant temperature reaches 95°C and at high

speed when the coolant temperature reaches
100°C.

2) The cooling fan is turned from high speed to low
speed at 97°C and turns off at 90°C.

2. A/ICOn

1) The ECU will turn the cooling fan on at high speed
when the A/C system is on.

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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Engine coolant temperature sensor

The Engine Coolant Temperature (ECT) sensor uses a
temperature to control the signal voltage to the Engine
Control Unit (ECU).

» Coolant Level Check

Al NoTice

¢ Scalding hot coolant and steam could be blown out under pressure, which could cause serious injury. Never
remove the coolant reservoir cap when the engine and radiator are hot.

« Take precautions to prevent antifreeze coming in contact with the skin, eyes or vehicle body. If contact
happens, rinse affected areas immediately with plenty of water.

1. Place the vehicle on a level ground and check the coolant level through the coolant reservoir.
2. Addif needed. Change the coolant if necessary.

; —

=

L “QI \ > i'
_‘wﬁ h‘llb /)
G
Al

COOLING SYSTEM CHANGED BY
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» Coolant Temperature Sensor

<Coolant Temperature Sensor>

Temp.

<Output Characteristics of Coolant Temperature Sensor>

Resistance

Coolant temperature sensor is a NTC resister that sends coolant temperature to ECU.

NTC resister has characteristics that if the engine temperature rises, the resistance lowers so the ECU detects

lowering signal voltages.

If the fuel injected into the engine through injector has more turbulence, then combusts very well. However, if
engine temperature is too low, the fuel injected as foggy state forms big compounds causing incomplete
combustion. So the sensor detects coolant temperature and changes coolant temperature changes into voltage
then sends to ECU to increase the fuel volume during cold start for better starting. And detects engine overheat-

ing for fuel volume reduction to protect the

engine.

ECU functions as below with coolant temperature sensor signals.
1. When engine is cold, controls fuel volume to correct idle speed

2. When engine is overheated, controls electrical fan and A/C compressor to protect the engine

3. Sends information for emission control

Temperature NTC 1 Resistance ( Q) NTC 2 Resistance ( Q)
20 2,550 6,062
50 826 1,800
80 321 638
120 123 200
777777777777777777777777 Signal
3 ! L4
- ‘ 102 L — BV oref
Auto amp
2 | 1 101
<7 Ground
NTC 2 NTC 1
<Coolant Temperature Sensor Circuit>
CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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» Trouble Diagnosis

Symptom Cause Action
Low coolant | * Leaks in radiator * Replace radiator
level « Leaks in coolant reservoir * Replace coolant reservoir
« Leaks in heater core * Replace heater
« Leaks in hose connection < Reconnect hose or replace clamp
« Damaged coolant hose « Replace hose
« Leaks in water pump gasket * Replace gasket
« Leaks in water pump internal seal * Replace water pump
« Leaks in coolant inlet cap « Replace water inlet cap gasket
« Leaks in thermostat housing « Replace thermostat sealing
« Improper tightening torque of cylinder head « Retighten
« Damaged cylinder head gasket * Replace cylinder head gasket
Excessively | * Coolantleaks (too low coolant level) * Add coolant
high coolant | « Improper coolant mixture ratio « Check coolant concentration
temperature | | yinked coolant hose « Repair or replace hose
« Defective thermostat « Replace thermostat
« Defective water pump * Replace water pump
« Defective radiator * Replace radiator
« Defective coolant reservoir and cap « Replace coolant reservoir or cap
« Cracks on cylinder head or cylinder block « Replace cylinder head or cylinder block
« Clogged coolant passages in cylinder head or cylinder block « Clean coolant passages
« Clogged radiator core « Clean radiator core
« Improper operation of cooling fan * Replace cooling fan or repair related circuit
« Faulty temperature sensor or defective harness « Replace sensor or repair related circuit
Excessively | ¢ Stuck thermostat (with open) « Replace thermostat
low coolant | « |mproper operation of cooling fan « Replace cooling fan or repair related circuit
temperature

« Faulty temperature sensor or defective harness

« Replace sensor or repair related circuit

COOLING SYSTEM

KYRON SM - 2005.09
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SPECIFICATIONS

Description Unit Specification
Cooling system Type - Water cooling forced circulation
Coolant Capacity L 11.3
Thermostat Type - Wax pellet type
Initial opening temperature °C 85
Fully opening temperature °C 100
Fully closing temperature °C 83
Stroke mm min. 8
Cooling fan Blades 5
Diameter mm 320(2)
Low speed ON temp °C 91
Low speed OFF temp °C 88
High speed ON temp °C 95
High speed OFF temp °C 92
High speed ON temp. (By A/C pressure) psi 270
Coolant reservoir Pressure valve opening pressure Kg/cm? 1.2~15 ©
Vacuum valve opening pressure Kg/cm? 0.1 %
Water pump Type - Centrifugal §
Impeller diameter mm 72.3
Impeller blades 10
Radiator Type - Down-flow
Core width mm 701
Core height mm 372
Core thickness mm 18
Minimum radiation capability Kcal/h 45,000
Coolanttemperature | Resistance (at 20°C) KQ 3.33~3.78
sensor Resistance (at 80°C) KQ 0.32~0.35
Anti-freeze agent Type - ALUTEC-P78
Mixture ratio (water and anti-freeze) - 50:50

CHANGED BY

EFFECTIVE DATE

AFFECTED VIN
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Y TROIN

INSPECTION AND REPAIR

INSPECTION

Cooling System

1. Release the pressure from coolant reservoir by loos-
ening one notch of coolant reservoir cap, and then re-
move the cap.

Al NoTice

» Scalding hot coolant and steam could be blown out
under pressure, which could cause serious injury.
Never remove the coolant reservoir cap when the
before the temperature goes down below 90°C.

2. Add the coolant up to upper mark (arrow) on the
reservoir.

3. Install the tester to the coolant reservoir and apply the
pressure of 1.4 bar.

4. Check the coolant hoses, pipes and connections for
leaks after the pointer of the tester drops. Replace or
retighten as required.

Thermostat

Immerse the thermostat into the water. Heat the water
and check the valve opening temperature.

Valve opening temperature DI Engine: 85 + 2°C

Temperature gauge

© © 0 0@ 0 0

COOLING SYSTEM
KYRON SM - 2005.09
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Coolant Temperature Gauge Unit

1. Immerse the senor unit into the water. Heat the water
and check the resistance.

2. If the measured resistance is out of specified value,
replace the gauge unit.

3. Measure the resistance between terminal Aand gauge
unit housing, and terminal B and gauge unit housing.

Terminal A 04Q/79°C
(for coolant temp.) 23.8 Q/ 115°C
Terminal B 248 Q/-20°C
(for glow plug) 3.25 Q/ 20°C

COOLING

Thermostat

1. Immerse the thermostat into the oil. Heat the oil until
it reaches the specified temperature and check if the
coolant temperature switch is turned “OFF".

Coolant temperature at
. 113+ 3°C
point A
Coolant temperature at
point B ne°c

Ak NoTice

* Use only engine oil for this inspection. Stir the oil
during heating it. Never heat the oil over required
temperature.

CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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REMOVAL AND INSTALLATION

Coolant Hose (Inlet/Outlet)

% Preceding Work: Draining of coolant

1. Loosen the clamp and remove the coolant outlet hose
(engine to radiator).

2. Disconnect the HFM sensor connector.
3. Remove the air intake duct from the air cleaner.

4. Loosen the clamp and remove the coolant inlet hose
(radiator to thermostat housing).

COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
AFFECTED VIN
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5. Lift up the vehicle and remove the skid plate.
6. Loosen the clamp and remove the lower inlet hose.

Shroud and Cooling Fan/Clutch

% Preceding Work:
1. Draining of coolant
2. Removal of coolantinlet and outlet hose

1. Remove the air cleaner duct.

O
=z
|
o
@]
O

2. Release the clamps and remove the intake hose.
3. Unscrew the fan shroud mounting bolts.

CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN
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5. Unscrew the center bolt and remove the cooling fan
clutch while holding the pulley with counter holder

(special tool).

Installation Notice

Tightening torque

45+ 4.5 Nm

6. Remove the shroud.

7. Install in the reverse order of removal.

COOLING SYSTEM

KYRON SM - 2005.09
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Water Pump - Assembly

% Preceding Works: 1. Draining of coolant
2. Removal of V-belt
3. Removal of shroud

4. Removal of cooling fan

D20DT

COOLING

D27DT

1. Thermostat housing 4. Belt pulley

2. GASKEL .ot Replace 5. BOIt e 10 Nm

3. BOIt 10 Nm 6. Water pump bearing housing

CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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1. Remove the V-belt while pressing down the auto
tensioner adjusting bolt.

2. Unscrew the bolts and remove the EGR pipe and
bracket.

Installation Notice

Tightening torque 23+ 2.3 Nm

3. Unscrew the bolts and remove the belt pulley while
holding the belt pulley with a special tool.

Installation Notice

Tightening torque 10 Nm

COOLING SYSTEM

KYRON SM - 2005.09
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Al NoTICE

* Replace the O-ring in oil dipstick with new one.

* Plug the oil dipstick hole with a cap not to get the
foreign materials into the engine.

5. Unscrew the bolts and remove the water pump
assembly.

Installation Notice

Tightening torque 10 Nm

Al NoTice

 Remove the gasket residues from the sealing sur-
face and replace the gasket with new one.

6. Install in the reverse order of removal.

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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Thermostat

% Preceding Works:

1. Draining of coolant

2. Removal of V-belt

3. Removal of cooling fan

4. Removal of intake duct (air cleaner to turbo charger)

D20DT

1. GASKEL oo Replace 4. Thermostat
2. Water pump housing 5. Seal
3. BOIt 10 Nm 6. Coolant hose
COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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1. Unscrew the bolts and remove the thermostat housing.

Installation Notice

Tightening torque 10 £ 1.0 Nm

2. Remove the thermostat.
3. Install in the reverse order of removal.

COOLING

CHANGED BY
EFFECTIVE DATE
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Water Pump Housing

% Preceding Works:

1. Removal of water pump assembly
2. Removal of thermostat assembly

1. Remove the heater hose.

2. Unscrew the bolts and remove the alternator.

Installation Notice

Tightening torque 46 + 4.6 Nm

COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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3. Unscrew the bolts and remove the alternator bracket.

Installation Notice

Tightening torque 25+ 25 Nm

4. Unscrew the bolts and remove the water pump housing.

Installation Notice

Tightening torque 10 £ 1.0 Nm

Al NoTICE

» Be careful not to damage the O-ring in coolant out-
let pipe (cylinder head side).

* Remove the gasket residues from the sealing sur-
face and replace the gasket with new one.

O
Z
|
o
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O

5. Install in the reverse order of removal.

CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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» Components of Radiator Module

Related Components (Assembly): Intercooler, Electric Fans, Condenser, Radiator
% Preceding Works:

1. Disconnection of negative battery cable

2. Removal of front bumper assembly

3. Discharge of refrigerant

4. Draining of engine coolant

» Removal Procedure

Intercooler Electric Fans

Radiator Condenser

COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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Radiator and Intercooler

% Preceding Works:

1. Collect the refrigerant from A/C system.
2. Remove the lower cover.

3. Drain the engine coolant into the designated
container.

A\ NoTice

» Store the refrigerant and engine coolant in a safe
place.

» Removal and Installation

1. Remove the air cleaner duct.

O
Z
|
o
@]
O

2. Disconnect the intercooler hoses.

i

J -
-_‘_".-

B - iy
\ h Tightening torque: 6 ~ 7 N

i
L]

\

L)
'’
\
‘8
5 B
Tightening torque: 6 ~ 7 Nm

CHANGED BY COOLING SYSTEM
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3. Remove the inlet, outlet and return hoses.

7 ] [ o, ]

Inlet Hose | - Outlet Hose

=t Low Pressure Pipe: [Wg
receiver drier side ‘
I

* Plug the openings of the pipes with sealing caps.

5. Unscrew the bolts and remove the radiator brackets.

COOLING SYSTEM CHANGED BY
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AFFECTED VIN




KYTROIN 06| 29

6. Remove the transmission oil cooler pipes.

Installation Notice

Tightening torque 25 ~ 35 Nm

7. Pull out the fixing clips and remove the radiator.

O
Z
|
o
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O

8. Remove the outlet pipe from the intercooler.

Tightening torque 6 ~7 Nm

Release the clamp ! Remove two bolts
(10 mm)

Tightening torque: 6 ~ 7 Nm

CHANGED BY COOLING SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
AFFECTED VIN




30 |06

Y TROIN

9. Unscrew the upper/lower mounting bolts (10 mm) and remove the intercooler from the radiator.

—| Intercooler Assembly l—

COOLING SYSTEM

KYRON SM - 2005.09
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10. Remove the T/M oil cooler pipes from the radiator.

11. Unscrew five bolts (10 mm) and remove the condenser assembly from the radiator.

Condenser

SENSOR |conTroL| FUuEL [cooLing “EXHAUSTINTAKE HOUSING | AssY | GENERAL

—— Radiator

CHANGED BY COOLING SYSTEM
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Replacement of Fan Belt

% Preceding Work: Disconnect the negative battery cable.

- a—

[y . e

-

1. Turn the fan belt adjusting bolt (19 mm) counterclockwise.

COOLING SYSTEM CHANGED BY
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2. Remove the fan belt.

—| Fan Belt Arrangement I

SENSOR |conTroL| FUuEL [cooLing “EXHAUSTINTAKE HOUSING | AssY | GENERAL
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Coolant Reservoir

1. Drain the coolant.

2. Remove the hoses.

3. Unscrew the bolts and remove the coolant reservoir.

Installation Notice

Tightening torque 7Nm

4. Install in the reverse order of removal.

COOLING SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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Draining and Adding of Coolant

1. Release the pressure from coolant reservoir by loos-
ening one notch of coolant reservoir cap, and then re-
move the cap.

Ak NoTice

« Scalding hot coolant and steam could be blown out
under pressure, which could cause serious injury.
Never remove the coolant reservoir cap when the
before the temperature goes down below 90°C.

2. Loosen the drain plug in bottom of radiator and drain
the coolant.

Al NoTice

» Collect the drained coolant with a proper container.

3. Remove the drain plug and seal in the cylinder block
and drain the coolant.

4. Replace the seal with new one and install the drain
plug.

Installation Notice

Tightening torque 30 Nm

5. Install the drain plug in bottom of radiator.
6. Add the coolant through the coolant reservoir.

Al NoTice

« Keep the coolant mixture ratio of 50:50 (water : anti-
freezer).

* Add the coolant until the water flows out through
the overflow hose.

7. Warm up the engine until the thermostat begins to
open and check if the coolant level is at “FULL" mark
on the reservoir. Add if necessary.

CHANGED BY
EFFECTIVE DATE
AFFECTED VIN
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PREHEATING SYSTEM

ECU

Glow Indicator (Meter Cluster)

Glow Glug

Preheating Relay

COOLING SYSTEM

KYRON SM - 2005.09
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OVERVIEW

Glow plug is installed on the cylinder head (combustion chamber) in the D27DT preheating control unit system. Cold
starting performance has improved and exhaust gas during cold starting has reduced.

ECU receives coolant temperature and engine speed to control; after monitoring the engine preheating/post
heating and glow plug diagnosis function, the fault contents will be delivered to ECU.

1. Engine preheating/post heating functions
2. Preheating relay activation by ECU controls
1) Senses engine temperature and controls the preheating/after heating time
2) Glow indicator
3. K-LINE for information exchanges between preheating unit and ECU
1) Transmits preheating unit self-diagnosis results to ECU
2) Transmits glow plug diagnosis results and operating status to ECU

PREHEATING RELAY

» Structure

COOLING

K-LINE #1 IG1
(ECU 34) Power terminal

BN 15@ 50 1 Glow plug
AN
\\L\A\ O control signal
Giy ! @ R/y (ECU 113)
Y O
! ! ST~ Ground
terminal

©
S uEs

J
/\ S— \ ] B+main wire
(12v)
Glow plug
terminal
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PREHEATING SYSTEM DIAGRAM

+

BATTERY 2 ;\

[
[
[
[
[
101 . LAl @ |
K-LINE ™ T |
[
ECU | . :
102 [
mll | - !
Coolant | '
temperature : ' [ [ [O [ Z '
sensor | ! :
: |
: |
[
P/H Lamp ® | :
l - — - - - — — — - — - - = — — L —
I 1 J
50| p27oT |G5 |G4 |G3 |G2 |G
777
R/Y Drive
D20DT |G2 | G4 G3| GL
» Specifications
Description Specification
Rated voltage DC 12V
Operating voltage range DC8~15V
Operating range -40 ~+100°C
Relay operating voltage Over6.5V
Relay releasing voltage Overl1.5V
Relay coil resistance 11.3 Q
Voltage drop Below 150 mV at each glow plug (at 16A of current)
Parasitic current MAX 1 mA
COOLING SYSTEM CHANGED BY
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» Function
Preheating system controls and checks following functions and operating conditions.

Pre-Heating

1. The power will be supplied to the glow plugs by ECU controls when the power is supplied to the I1G terminal from
the battery and there are normal communications with ECU within 2 seconds. The surface of glow plug will be
heated up to 850°C very quickly to aid combustion by vaporizing air-fuel mixture during compression stroke.

2. Preheating time is controlled by ECU.

Post-heating

1. When the engine is started, post-heating starts by ECU controls. The idle rpm will be increased to reduce
toxic smoke, pollutants and noises.

2. Post-heating time is controlled by ECU.

Checking glow plugs

1. Check each glow plug for short in circuit

2. Check each glow plug for open in circuit due to overvoltage
3. Check glow plug for short to ground

Forceful relay shut-down
1. When glow plug is shorted to ground

K-Line communication

1. ECU sends the results to preheating time control relay through K-Line to start communication.
Preheating time control relay sends messages including self-diagnosis data for glow plugs to ECU.
Glow plug makes communication only as response to demand.

When power is supplied, ECU starts self-diagnosis within 2 seconds.

o s D

Under the following conditions, communication error occurs.

1) When there is no response from glow plug module within 2 seconds

2) When an error is detected in checksum

3) Less byte is received

Error code of “P1720 - Pre heating control communication fail” will be reported.

Operating time

COOLING

Coolant Temp. -35°C -25°C -20 °C -10°C 0°C 10°C 20°C
Pre- Operating Time 31 sec 29 sec 22 sec 17 sec 14 sec 0 sec 0 sec
heating Operating «IG: “ON” Release | *After operating time elapsed
Conditions | « B+ : pelow 15.2V Conditions | « |G: “OFF” « When engine cranking
Coolant Temp. -30°C -20°C -10°C 0°C 10°C 20°C 35°C
Post Operating Time | 115sec 80 sec 30sec 19 sec 11 sec 11 sec 0 sec
heating _ - After engine starting « After operating time elapsed
Oper.a.tlng Relggse e Torque : 190/170 Nm
Conditions Conditions
« Speed: 2100/2050 rpm
Coolant Temp. -30°C -25°C -20°C -10°C 0°C 10°C 20°C
Glow Operating Time 18 sec 16 sec 10 sec 5sec 2 sec 0 sec 0 sec
Indicator | 5perating «I1G: “ON” Release | «\When engine cranking
Conditions Conditions

CHANGED BY
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Removal and Installation

1.Turn the ignition switch to “OFF” position and
disconnect the negative battery cable.

2.Set aside the harnesses on the cylinder head.

3.Disconnect the glow plug connectors and loosen the
glow plugs.

Installation Notice

Tightening torque 15 Nm

e amaa

h -

.

4.Remove the glow plugs from the cylinder head with a
special tool. Plug the openings of the glow plugs with
sealing caps.

COOLING SYSTEM CHANGED BY
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PREGLOW PLUG

Two versions of preglow plugs are used in this vehicle.
Always use only the designated version with correct color mark on insulator surface.

» Specifications

BERU version NGK version

Color mark on insulator surface: Green Color mark on insulator surface: Yellow
Tip diameter: ¢ 4 Tip diameter: ¢ 3.5

Resistance: 680 + 110 mQat 20 + 2°C Resistance: 1400 + 300 mQ at 20 + 2°C

Green Yellow

The color mark on insulator surface may be invisible due to the carbon contamination. To check the color easily,
disconnect the harness connector and clean the preglow plug mounting area with carbon cleaner.

Wait for a while and blow out the area with a compressed air.

SENSOR |conTroL| FUuEL [cooLing “EXHAUSTINTAKE HOUSING | AssY | GENERAL

Clean and Blow Out Check the Color Mark

“ et
Check the color mark

CHANGED BY COOLING SYSTEM
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» Preparations for replacing preglow plug

Torque wrench, Air gun (small), Carbon cleaner (Product name: IPO CHOKE & CARBURATOR CLEANER, Model

name: PRO NO 5007, Manufacturer: Sunbo), Engine oil, Preglow plug wrench (special service tool), Long nose
pliers

» Removal and Installation of Preglow Plug
% Preceding Work: Disconnect the negative battery cable.

1. Disconnect the wiring harness with long nose pliers and clean the preglow mounting area with the
compressed air (using air gun).

2.Spray the carbon cleaner into the gap between preglow plug and cylinder head and wait for 10 minutes. Remove
the dirt and foreign materials completely with the compressed air (using air gun)..

« At this moment, check the color mark on insulator surface and bring the same version of preglow plug for
replacement. (BERU: Green, NGK: Yellow)

COOLING SYSTEM
KYRON SM - 2005.09
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3.To avoid damage, apply the engine oil into the gap between preglow plug and cylinder head and wait for 5
minutes.

4.Remove the preglow plug with torque wrench. (tightening torque: 15 + 3 Nm)

Al NoTice

» To prevent the preglow plug from breaking, carefully turn the wrench with the torque below 20 Nm.
* Never usethe air impact tool or other tools.

SENSOR |conTroL| FUuEL [cooLing “EXHAUSTINTAKE HOUSING | AssY | GENERAL

5.Thoroughly remove the foreign materials from the preglow plug hole. If needed, use the carbon cleaner or air gun.

CHANGED BY COOLING SYSTEM
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» Remarks

1.Required tools

Carbon Cleaner

Torque Wrench (max. 25 Nm)

Preglow plug wrench - Special Service Tool (10 mm)
Part number: Y99220132B

2.Preglow plug circuit check
1) Check the preglow plug trouble code with SCAN-100.
2) SCAN-100 can display only one trouble code. Check whether each preglow plug circuit is open with multi-

tester.

Tip diameter —[ BERU: 4mm
NGK: 3.5mm

Color mark on _I: BERU: Green
insulator surface NGK: Yellow

COOLING SYSTEM

KYRON SM - 2005.09
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SPECIAL TOOLS AND EQUIPMENT
Name and Part Number Application
Y9922 0132B Wrench for removing the preheating plug (10mm)
Wrench-Preheating Plug
0
Z
—
o)
o)
3]
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CAUTIONS FOR DI ENGINE

This chapter describes the cautions for DI engine equipped vehicle. This includes the water separation from engine,
warning lights, symptoms when engine malfunctioning, causes and actions.

» DI Engine » Water Separator Warning Light

Comparatively conventional diesel engines, DI engine n When the water level inside water
controls the fuel injection and timing electrically, deliv- separator in fuel filter exceeds a cer-

ers high power and reduces less emission. tain level (approx. 39 cc), this warn-
ing light comes on and buzzer
sounds.

» System Safety Mode

When a severe failure has been occurred in a vehicle,

the system safety mode is activated to protect the

system. It reduces the driving force, restricts the engine

speed (rpm) and stops engine operation. Refer to “Diag- For the draining procedures, please

nosis” section in this manual. refer to “How to drain the water from
fuel filter” section.

Also, the driving force of the vehicle
decreases (torque reduction). If these
conditions occur, immediately drain
the water from fuel filter.

FUEL SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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» Priming Pump
The priming pump installed in fuel pump is the device to fill the fuel into the fuel filter. When the vehicle is under the
conditions as below, press the priming pump until it becomes rigid before starting the engine.

» Conditions for Using Priming Pump

1. After run out of fuel
2. After draining the water from fuel separator

3. After replacing the fuel filter

» Fuel Filter and Water Separator

1. Fuelfilter 3. Priming pump

2. Water drain plug
(water separating operation: every 10,000 km)

A\ NoTice

* When replaced the fuel filter or drained the water from fuel filter, press the priming pump until it becomes

rigid before starting the engine.
« The water drain from fuel filter should be performed whenever changing the engine oil.

CHANGED BY FUEL SYSTEM
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» Draining the Water From Fuel Filter

1. Place the water container under the fuel filter.

2. Turn the drain plug (2) to “A” direction to drain the
water.

3. Wait until a certain amount of fuel gets out from the
port, then turn the drain plug to “B” direction to
tighten it.

A\ NoTice

» Be careful not to be injured by surrounding equip-
ment during the working procedures.

4. Press the priming pump until it becomes rigid.
5. Start the engine and check the conditions.

AL WARNING

 If the priming pump is not properly operated, air
may get into the fuel line. It may cause starting
problem or fuel system problem. Make sure to per-
form the job in step 4.

FUEL SYSTEM CHANGED BY
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FUEL SYSTEM

FUEL INJECTION SYSTEM

» Electronic Control of Fuel System

Fuel pressure sensor

High pressure

Common rail

IMV valve ¥

Low and high
pressure
pump

Fuel tempera-
ture sensor

Water separator U l

Water detection |
) ’ Priming
pump

sensor §

. 4
Fuel filterl

N — — —— —

~ -
Injectors \
D27DT Engine

bhoad

Sensors
HFM sensor
Cam position sensor
Crankshaft position sensor

Fuel tank
Knock sensor, etc.
System composition
- High pressure fuel pump - Fuel rail - Fuel pressure sensor r— S UPPIY I!ne
- Fuel injector - Electronic control unit - Other sensors and ==——=Return line
(ECU) actuators —ECU connecting line

According to input signals from various sensors, engine ECU calculates driver's demand (position of the accelerator
pedal) and then controls overall operating performance of engine and vehicle on that time.

ECU receives signals from sensors via data line and then performs effective engine air-fuel ratio controls based on those
signals. Engine speed is measured by crankshaft speed (position) sensor and camshatft speed (position) sensor determines
injection order and ECU detects driver's pedal position (driver's demand) through electrical signal that is generated by
variable resistance changes in accelerator pedal sensor. Air flow (hot film) sensor detects intake air volume and sends the
signals to ECU. Especially, the engine ECU controls the air-fuel ratio by recognizing instant air volume changes from air flow
sensor to decrease the emissions (EGR valve control). Furthermore, ECU uses signals from coolant temperature sensor
and air temperature sensor, booster pressure sensor and atmospheric pressure sensor as compensation signal to respond
to injection starting, pilot injection set values, various operations and variables.

CHANGED BY FUEL SYSTEM
EFFECTIVE DATE KYRON SM - 2005.09
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» Composition of Fuel System

Components in fuel system are designed to generate and distribute high pressure, and they are controlled electroni-
cally by engine ECU. Accordingly, fuel system is completely different from injection pump type fuel supply system
on the conventional Diesel engine. The fuel injection system in common rail engine is composed of transfer pressure
section that transfers fuel in low pressure, high pressure section that transfers fuel in high pressure and ECU control
section.

Common rail

-

High pressure pipe

Fuel pressure
sensor

Injector
D20DT: 4 EA
D27DT: 5 EA

Priming pump

Fuel pump Fuel filter
(High pressure pump, transfer pump)
<Fuel Line System>
Fuel route
- ) Transfer
Fuel Tank ‘ Priming Pump ‘ Fuel Filter
Pump

Transfer Pressure Line

Injector

Common Rail

<=

High Pressure
Pump

High Pressure Line

<=

Fuel Pressure
Regulation Valve

FUEL SYSTEM
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» Hydranlic Cycle in Fuel Line

(Tramsfer and High Pressure Line)

Transfer pressure

Pressure limiter

regulation

(High pressure)

t

el  0.05 ~ 0.1 bar

oL le

o

o

o

; IMV
T r
n_Lf
i - |
: High pressure pump
E / 1
Return
| valve ‘
o Inlet
valve
5‘ B |,c [0\ 2 bar
; Venturi — i; Common rail
E N 1050

H -06-~0.1bar * IMV valve
" 1 fully open
Injector
? Priming pump
o Fuel
filter /J\

|
|
|
|
|
|
|
|
|
|
|
|
J

Except D20DT

= High pressure supply line

AFFECTED VIN

f eosssssossz Transfer pressure supply
Fuel tank wzzzzzzzzzz line
Return line
CHANGED BY FUEL SYSTEM
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» Components of Low Pressure Transfer Line

Low pressure stage is to supply sufficient fuel to high pressure section and components are as below.
1. Fueltank (including strainer)

Hand priming pump

Fuel filter

Transfer pump

Other low pressure fuel hoses

a s~ DN

Fuel tank

Fuel tank is made of anti-corrosion material and its allow-
able pressure is 2 times of operating pressure (more than
min. 0.3 bar). It has protective cap and safety valve to
prevent excessive pressure building. Also, to supply fuel
smoothly, it has structure to prevent fuel from leaking in
shocks, slopes and corners and.

Priming pump

If fuel runs out during driving or air gets into fuel line after
fuel filter replacement, it may cause poor engine starting
or damage to each component. Therefore, the hand prim-
ing pump is installed to bleed air from transfer line.

When the vehicle is under the conditions as below, press
the priming pump until it becomes rigid before starting
the engine.

1. After run out of fuel

2. After draining the water from fuel separator
3. Afterreplacing the fuel filter

Press the priming pump until it becomes rigid before start-
ing the engine.

Fuel filter

It requires more purified fuel supply than conventional die-
sel engine. If there are foreign materials in the fuel, fuel
system including pump components, delivery valve and
injector nozzles may be damaged.

Fuel filter purifies fuel before it reaches to high pressure
pump to help proper operations in high pressure pump.
And more, it separates water from fuel to prevent water
from getting into FIE system (high pressure line).

FUEL SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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» Components of High Pressure Transfer Line

In the high pressure section, sufficient fuel pressure that injectors requires will be generated and stored. The com-
ponents are as below:

High pressure pump

Rail pressure sensor

Pressure limit valve

Common rall

High pressure pipe

Injector

N o g s~ w DN PR

Fuel pressure regulating valve (IMV)

High pressure pump

This is plunger pump that generates high pressure; and
driven by crankshaft with timing chain. The high pressure
pump increases system pressure of fuel to approx.
1,600 bar and this compressed fuel is transferred to high
pressure accumulator (common rail) in tube through high
pressure line.

Common rail

It stores fuel transferred from high pressure pump and
also stores actual high pressure of fuel. Even though the
injectors inject fuel from the rail, the fuel pressure in the
rail is maintained to a specific value. It is because the
effect of accumulator is increased by unique elasticity of
fuel. Fuel pressure is measured by rail pressure sensor.
And the fuel pressure regulating valve (IMV, Inlet Meter-
ing Valve) included in high pressure pump housing keeps
pressure to a desired level.

CHANGED BY FUEL SYSTEM
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High pressure pipe (fuel pipe)

Fuel line transfers high pressure fuel. Accordingly, it is made of steel to endure intermittent high frequency pressure
changes that occur under maximum system pressure and injection stops. Injection lines between rail and injectors
are all in the same length; it means the lengths between the rail and each injector are the same and the differences
in length are compensated by each bending.

D20DT

. "“H &
.""/
§ J

Injectors

D27DT

No.1 and 3 cylinder No. 5 cylinder

No.2 and 4 cylinder

The fuel injection device is composed of electrical sole-
noid valve, needle and nozzle and controlled by engine
ECU. The injector nozzle opens when solenoid valve is
activated to directly inject the fuel into combustion cham-
ber in engine. When injector nozzle is open, remaining
fuel after injection returns to fuel tank through return line.
Pressure limit valve, fuel returned by low pressure and
fuel used for high pressure pump lubrication also return
to fuel tank through return line.

Transfer pump

The transfer pump is included in the housing of the high
pressure pump. The transfer pump is the volumetric blade
type pump. To deliver the continuously required fuel
volume, the pump transfers fuel from the fuel tank to high
pressure pump.

Fuel filter replacement

1. Fuelfilter change interval: every 30,000 km

2. Water separation interval: every 10,000 km (same with
engine oil change interval)

3. Never reuse the removed fuel filter

FUEL SYSTEM CHANGED BY
KYRON SM - 2005.09 EFFECTIVE DATE
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FUEL TRANSFER LINE

» Transfer Pump

Description

The transfer pump is the device to provide sufficient fuel to high fuel pressure line and is mechanical type feed pump
that is driven by timing chain linked to crankshaft. This mechanical type feed pump is subject to air inflow, therefore,
a hand priming pump is installed to bleed air from fuel transfer line.

The transfer pump is included in the housing of the HP pump. The transfer pump is the volumetric blade type pump
and consists of the following components:

1. Arrotor turned by the shaft of the HP pump. The connection is provided by splines.

2. An eccentric liner fixed to the housing of the HP pump by 6 Torx bolts. The liner is positioned by two off-set pins
in order to prevent any assembly errors.

3. Four blades set at 90°. Each blade is held against the liner by a coil spring.
4. The inlet and outlet orifice.

Transfer pump HP pump

<Sectional Diagram of Fuel Pump>

- >
] Ol /
O O
<Sectional Diagram of Transfer Pump>
CHANGED BY FUEL SYSTEM
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Principle of operation

Housing Rotor

Chamber

Consider the chamber between the rotor, the liner and two successive blades (refer to above figure).

1.

When the chamber is in position 1, the volume of the chamber is minimal. The changes in volume according to
the angle of rotation of the rotor are small.

. The rotor makes a quarter turn clockwise. The previous chamber is now in position 2.

The inlet orifice is uncovered. The volume contained in the chamber quickly rises. The pressure inside the
chamber drops sharply. Fuel is drawn into the chamber.

The rotor continues to rotate. Itis now in position 3. The inlet and outlet orifices are now sealed off. The volume
area controlled by the rotor, the liner and the two blades is at the maximum. The changes in volume according to
the angle of rotation of the rotor are small.

The rotor continues to rotate. Itis finally in position 4. The outlet orifice is uncovered. The volume area controlled
by the rotor, the liner and the blades decreases quickly. The pressure inside the chamber rises sharply. The fuel
is expelled under pressure. The depression caused by the transfer pump’s rotation is sufficient to draw in diesel
fuel through the filter. The transfer pump is driven by the shaft of the HP pump, transfer pressure thus rises with
engine speed. A regulating valve allows the transfer pressure to be maintained at a practically constant level
(about 6 bar) throughout the whole range of engine operations by returning some of the fuel to the pump inlet.

10
Fuel 27

pressure 4
bar T
CLUBE

0

0 500 1000 1500 2000 2500
Fuel pump speed (rpm)

Characteristics of the transfer pump

Regulating pressure 6 bar
Volume controlled 5.6 cm?revolution
Flow 90 ¢ /h at 300 rpm pump
650 ¢ /h at 2,500 rpm pump
Intake capacity 65 mbar at 100 rpm pump
FUEL SYSTEM CHANGED BY
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INLET METERING VALVE (IMV)

» 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.

This actuator has two purposes:

1. Firstly, it allows the efficiency of the injection system
to be improved, since the HP pump only compresses
the amount of fuel necessary to maintain in the rail
the level of pressure required by the system as a func-
tion of the engine’s operating conditions.

2. Secondary, it allows the temperature to be reduced in
the fuel tank. When the excess fuel is discharged into
the back leak circuit, the pressure reduction in the
fluid (from rail pressure down to atmospheric pressure)
gives off a large amount of heat. This leads to a tem-
perature rise in the fuel entering the tank. In order to
prevent too high a temperature being reached, it is
necessary to limit the amount of heat generated by
the fuel pressure reduction, by reducing the back leak
flow. To reduce the back leak flow, it is sufficient to
adapt the flow of the HP pump to the engine’s require-
ments throughout its operating range.

IMV effect
3500rpm : 5bar - without EGR

—m— Without IMV
—— With IMV

Torque (Nm)
Rail pressure = 80 bar

Fuel Temp.(°C)

Fuel temperature at

system backleak =— without IMV

—+— Wwith IMV

Torque (Nm)
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» Composition of IMV

The IMV is located on the hydraulic head of the 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:
1. A piston held in the fully open position by a spring.

2. Apiston filter located at inlet.
3. Two O-rings ensuring pressure tightness between the hydraulic head and the body of the IMV.
4. Abody provided with two radial inlet holes and an axial outlet hole.
5. Cail
Solenoid
‘Fuel
Filter ’_L ‘ Spring
High pressure « - Piston
/ L 3‘
Outlet hole O-ring j ‘
1 Fuel
FUEL SYSTEM CHANGED BY
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» Principle of Operation

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.

Flow (1/hr)

250 T

200 1

150

100 T

50 1

Flow / Current Law

200 400 600 800
Current (mA)

1000 1200

Specifications

Piston stroke

1.4 mm

FUEL

Diameter of holes

3.4 mm

Coil resistance

5.4 Q (at 25°C)

Power supply

Battery voltage (It is prohibited to supply the IMV directly at the battery voltage

during the diagnostic test)

Max. current

1A

Weight 2609
Operating temperature 40°C<T<125°C
Fluid temperature 40°C<T<90°C

Control logic

Normally open without power (The flow decreases as the current rises).

« ECU determines the value of the current to be sent to the IMV according to:

¢ Engine speed
¢ Flowdemand
¢ Rail pressure demand

¢ Measured rail pressure

=3

=

* Inlet Metering

Valve (IMV)
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HIGH FUEL PRESSURE LINE
» High Pressure Pump

Description

This pump generates high fuel pressure and is driven by timing chain (radial plunger principle). This pump pressur-
izes the fuel to approx. 1600 bar and sends this high pressurized fuel to high pressure accumulator (common rail) via
high pressure line.

Itis possible to extend the pumping phase in order to considerably reduce drive torque, vibration and noise since the
pump no longer determines the injection period. The differences from conventional rotary pumps lies in the fact that
it is no longer the hydraulic head rotor which turns inside the cam, but the cam which turns around the hydraulic
head. Thus, any problems of dynamic pressure tightness are eliminated because the high pressure is generated in
the fixed part of the pump.

. IMV (Inlet Metering Valve)
. Hydraulic Head

. Plunger

. Drive shaft and camring

. Housing

. Roller and shoe

. Transfer pump

. Fuel temperature sensor
. Vent

. High fuel pressure - OUT
. Pressure regulator

© 00 N O O~ WDN P

Fuel
discharge

=
o

[
[ =

Fuel supply

Specifications

1. Maximum operating pressure: 1600 + 150 bar
2. Operating pressure limit: 2100 bar

3. Maximum sealing pressure: when using a plug instead of PRV, no leaks around pump outlet port (when
applying 2500 bar of constant pressure)

. Fuel pressure atinlet (pressure regulating valve): 6 bar

. Operating temperature: Continuously operating within temperature range of -30°C ~ 120°C in engine compartment
. Inflowing fuel temperature: The maximum inflowing fuel temperature is 85°C (continuously able to operate)

. Pump inlet pressure: Relative pressure Max. 048 bar (to end of filter’s lifetime)

. Driving torque: 15 Nm/ 1600 bar

. Gear ratio (engine: pump): 0.625

10. Lubrication: - Inside lubrication (rear bearing): Fuel

- Outside lubrication (front bearing): Engine oil

© 00 N O O b~
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Principle of operation

1. During the filling phase, the rollers are kept in contact with the cam by means of coil springs mounted on either
side of each shoe. The transfer pressure is sufficient to open the inlet valve and to move the pumping plungers
apart. Thus, the dead volume between the two plungers fills with fuel.

2. When the diametrically opposite rollers simultaneously encounter the leading edge of the cam, the plungers are
pushed towards each other.

3. Assoon as the pressure becomes higher than the transfer pressure, the inlet valve closes. When the pressure
becomes higher than the pressure inside the rail, the delivery valve opens. Consequently, the fuel is pumped
under pressure into the rail.

4. During the input phase, transfer pressure pushes back the inlet valve. Fuel enters the body of the pumping
element. The valve closes as soon as the pressure in the pumping element becomes higher than the transfer
pressure.

5. During the input phase, the ball of the delivery valve is subject to the rail pressure on its outer face and to the
transfer pressure on its inner face. Thus the ball rests on its seat, ensuring the pressure tightness of the body of
the pumping element. When the pressure in the element becomes higher than the pressure in the rail, the ball is
unbalanced and it opens. Fuel is then pumped into the rail at high pressure.

FUEL

<Fuel Input> <Pressurize>

This high pressure pump generates the driving torque with low peak torque to maintain the stress to driving components.
This torque is smaller than that of conventional injection pump, thus, only a small load will be applied to pump. The
required power to drive pump is determined by set pressure for rail and pump speed (delivery flow). Note that the fuel
leakage or defective pressure control valve may affect the engine output.

CHANGED BY FUEL SYSTEM
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Inlet valve and delivery valve

During the input phase, transfer pressure pushes back the inlet valve. Fuel enters the body of the pumping element.
Under the effect of the transfer pressure, the two plungers are forced apart. When the rollers simultaneously encoun-
ter the leading edge of the cam, pressure suddenly rises in the body. Of the pumping element. The valve closes as
soon as the pressure in the pumping element becomes higher than the transfer pressure. During the input phase,
the ball of the delivery valve is subject to the rail pressure on its outer face and to the transfer pressure on its inner
face. Thus the ball rests on its seat, ensuring the pressure tightness of the body of the pumping element. When the
two diametrically opposite rollers encounter the leading edges of the cam, the plungers are forced together and
pressure quickly rises in the body of the pumping element. When the pressure in the element becomes higher than
the pressure in the rail, the ball is unbalanced and it opens. The spring calibration is negligible compared with the
pressure forces. Fuel is then pumped into the rail at high pressure.

<Inlet Valve> <Delivery Valve>

Lubrication and cooling of the HP pump

Lubrication and cooling of the pump are provided by the fuel circulation. The minimum flow required to ensure
adequate operation of the pump is 50 ¢/h.

Phasing of the HP pump

Conventional fuel injection pumps ensure pressurizing and distribution of the fuel to the different injectors. It is
essential to set the pump in such a way that the injection occurs at the required place during the cycle. The HP
pump of the common rail system is no longer used for the fuel distribution, it is therefore not necessary to set the
pump in relation to the engine.

Nevertheless, the setting or phasing of the pump offers two advantages:

1. Itallows the torque variations of the camshaft and the pump to be synchronized in order to reduce the stresses
on the timing belt.

2. ltallows pressure control to be improved by synchronizing peak pressures produced by the pump with pressure-
drops caused by each injection.

This phasing allows pressure stability to be improved, which helps to reduce the difference in flow between the

cylinders.

FUEL SYSTEM CHANGED BY
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» HP Pump Fuel Route

The fuel passed through the fuel filter is sent to the transfer pump via the HP inlet pump. this fuel passes through the
transfer pump by the transferring pressure and maintains the predefined value by the regulating valve in HP pump.

Also, this fuel gets into the IMV that controls only the fuel to the high pressure pump.

The below figure describes the pump operations when acceleration and deceleration.

When need high fuel pressure (acceleration)

Fuel supply
.

IMV open

Venturi

» to common

rail

to fuel tank
Backleak

FUEL

Transfer pump

High pressure pump
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When do not need high fuel pressure (deceleration)

ol IMV close

Venturi

to common
rail

d

to fuel tank
Backleak

Fuel supply

Transfer pump High pressure pump

The fuel is sent to the high pressure side (hydraulic head) and compressed by the plunger. And, goes into the
common rail through the high pressure pipe.

The IMV installed in the high pressure side (hydraulic head) of HP pump precisely controls the fuel amount and
delivers the rail pressure feedback same as required amount.

The IMV is controlled by ECU.

Performance curve of HP pump

The time required to obtain a sufficient pressure in the rail to enable the engine to start depends on the volume of the
system (definition of the rail, length of the pipes, etc.). The aim is to reach a pressure of 200 bars in 1.5 revolutions
(3rd compression).

» Maximum operating pressure: 1600 + 150 bar

1600
1400
1200
1000
800
600
400
200

Rail pressure (bar)

0 1000 2000 3000 4000 5000 6000 7000
Engine speed (rpm)

<Pressure Curve of HP Pump>
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» Sectional View of HP Pump

<Transfer Pump>

High pressure
pump

<IMV Valve and High Pressure Pump (Drive Shaft)>

IMV valve
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Inlet valve

Temperature
sensor

Shoe and roller Supply valve

<Inlet Valve, Outlet Valve, Shoe and Roller, Temperature Sensor>

<Hydraulic Head>
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» Removal and Installation (D20DT Engine)

Removal

% Preceding Works:
1. Disconnect the negative battery cable.

2. Apply the parking brake and place the chocks
under the tires. (transmission "N" position)

1. Turn the auto tensioner counterclockwise and re-
move the fan belt.

Al NoTice

» Slacken the pulley bolt.

2. Remove the engine belt pulleys.
1) Cooling fan pulley
2) Coolant pump pulley
3) Idle pulley

3. Unscrew lower bolt (13 mm) and upper bolt (24 mm)
and remove the auto tensioner.

A\ NoTice

* To prevent oil leaks, store the removed auto
tensioner in upright position.

« Pump the suto tensioner several times before in-
stalling it.

CHANGED BY FUEL SYSTEM
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6. Remove the high pressure pump housing.
% Preceding Work: Remove the No.2 EGR pipe.

7. Align the OT mark by rotating the crankshaft.

1) Open the oil filler cap and check if the OT mark
on crankshaft is aligned to the notch on the
camshaft.

!
b

| io | Ol |

Jl

8. Unscrew the bolts and remove the vacuum modu-
lator bracket.

1) Disconnect the high pressure pump and vacuum
modulator connector.

2) Disconnectthe fuel lines to high pressure pump.

3) Plug the openings of pipes and ports with pro-
tective caps to keep the cleanness of the fuel
system.

4) Remove the high pressure fuel pipe between
HP pump and common rail.

9. Rotate the crankshaft clockwise so that the HP
pump sprocket holes are aligned to the bolt holes.

FUEL SYSTEM CHANGED BY
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8. Hold the HP pump sprocket and slacken the
center bolt.

9. Slacken three HP pump mounting bolts until they
rest on the sprocket.

10. Loose the HP pump center nut by tapping it with
a hammer.

Al NoTice

« Tap the center bolt with a hammer after tightening.
« Make sure that the center bolt is securely tightened.

11. Remove the remaining bolts with the same manner
and remove the high pressure pump.
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Installation

1. Replace the HP pump gasket with new one (cannot
be reused).

2. Tighten the HP pump bolts.

Tightening torque 25 Nm

3. Hold the HP pump sprocket and tighten the center
nut.

Tightening torque 65 Nm

A\ NoTicE

* The center nut should be replaced once removed
(cannot be reused).

« Tighten the center nut with the specified tighten-
ing torque.

4. Install the vacuum modulator bracket.

Al NoTice

* Replace the fuel lines to HP pump with new ones
(cannot be reused).

« Make sure that the connectors are installed to the

correct locations. (The wiring end with white tape

FUEL SYSTEM
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5. Apply the sealant to the HP pump housing and
tighten the bolts.

Al NoTICE

» Sealant (DB2210): 661 989 56 A0

6. Install the auto tensioner and belt pulleys.

7. Rotate the crankshaft pulley two revolutions and en-
sure that the OT mark on the crankshaft pulley and
the OT mark on the camshaft pulley are aligned.

A\ NoTice

* Open the oil filler cap and check if the OT mark on
crankshaft is aligned to the notch on the camshaft.

CHANGED BY FUEL SYSTEM
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» Engine Removal & Installation (D27DT Engine)

Removal

% Preceding Works
1. Disconnection of negative battery cable
2. Removal of engine cover

The trouble diagnosis should be performed before re-
moving the HP pump. Refer to “Diagnosis” section.

1. Remove the bolts on the fan shroud. Disconnect the
air intake duct from intake manifold and the coolant
outlet port connecting hose.

Al NoTicE

« Plug the coolant port not to get the coolant into the
engine. Add the coolant as required when installing.

2. Remove the fan belt while pressing down the auto
tensioner adjusting bolt.

3. Unscrew the center bolt and remove the cooling fan
clutch while holding the pulley with counter holder
(special tool).

4. Remove the fan shroud and fan clutch simultaneously.

FUEL SYSTEM CHANGED BY
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5. Unscrew the bolts and remove the belt pulley while
holding the belt pulley with a special tool.

6. Unscrew the upper and lower bolts and remove the
auto tensioner.

Al NoTice

* To prevent oil leaks, store the removed auto
tensioner in upright position.

7. Unscrew the bolts and remove the idle pulley.

8. Unscrew the bolts and remove the cooling fan bracket
(timing chain cover side).

CHANGED BY
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9. Remove the engine ail filler cap and adjust the
mark on camshaft to TDC position.

10. Align the TDC mark on the crankshaft pulley to
the guide pin and rotate the pulley 720°
counterclockwise. Check the mark on the camshaft
again.

11. Disconnect the vacuum line of EGR vacuum
modulator (1), the vacuum line of turbo charger
vacuum modulator (2) vacuum line and connectors.

Al NoTice

< Be careful not to be mixed the lines when installing.

12. Unscrew the bolts and remove the intake manifold
mounting bracket.

FUEL SYSTEM
KYRON SM - 2005.09
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13. Disconnect the connector behind HP pump, fuel
pipes and hose lines.

1) Fuel temperature sensor connector (green)
2) IMV connector

3) Fuel return hose (be careful not to break the
HP pump connecting port)

4) Venturi hose

-
= A
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14. Remove the coolant temperature sensor and the
knock sensor.

Al NoTice

» Especially, the knock sensor should be tightened by
the specified tightening torque. Otherwise, it may
cause the poor engine output. For reference, the in-
ternal resistance of the sensor is approx. 4.7 kQ

15. Unscrew the bolts and remove the high fuel
pressure pipes at HP pump and common rail. Plug
the openings with sealing caps.

Al NoTice

» Replace the fuel pipes with new ones.

16. Remove the HP pump mounting bracket at engine.

FUEL SYSTEM
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17. Remove the intake EGR pipe and gasket.

Al NoTICE

* Replace the removed gasket with new one.

* Replace the removed #1 and #3 pipes with new
ones.

18. Disconnect the HFM sensor connector.
19. Loosen the clamp and separate the hose from air
cleaner.

20. Separate the connection lines from turbo charger
and PCV separator.

21. Remove the exhaust EGR pipe and gasket. Remove
the center EGR pipe.

A\ NoTice

* Replace the removed gasket with new one.

* Replace the removed #1 and #3 pipes with new
ones.

Replace the O-ring with new one.

22. Remove the oil dipstick mounting bracket and oll
dipstick tube with O-ring.

Al NoTicE

* Replace the O-ring with new one.

FUEL SYSTEM
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23. Remove the chain tensioner.

24. Mark on the HP pump sprocket and timing chain.

25. Remove the guide rail pins (lower and upper) with a
special tool.

26. Install the special tool (1) for holding HP pump
sprocket, unscrew the mounting bolts and remove
the sprocket. At this time, rotate the crankshaft 30°
to 45° counterclockwise to remove the sprocket.

FUEL SYSTEM
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27. Remove the center nut for HP pump shatft.

28. Pull out the HP pump bearing with a special tool.

Al NoTice

e Be careful not to damage the bearing.

29. Remove the HP pump bearing bracket.

30. Remove the mounting bracket behind the HP pump.

31. Slide the HP pump out rearward while holding it.

Al NoTicE

» Plug the openings of connecting hoses and pipes
with sealing caps.

FUEL SYSTEM
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10 7

. HP pump sprocket

. 12-sided bolt (20 Nm + 90°)

. HP pump bearing housing

. HP pump (High pressure pump)
. HP pump shaft

. HP pump center nut (65 + 5 Nm)

o O~ WODN B

7. HP pump external bolt (24 + 2.4 Nm)
8. HP pump bearing shaft
9. Oil gallery

10. Bearing bushing

11. Gasket
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Installation

1. Install the gasket and HP pump.

A\ NoTice

* Replace the removed gasket with new one.

2. Install the HP pump bearing bracket and HP pump to
the cylinder block.

Tightening torque 24 +2.4Nm

Al NoTice

« Align the oil galleries in cylinder block and bear-
ing bracket.

3. Install the bearing into the bracket.

4. Temporarily install the upper and lower guide rails to
seat the chain.

5. Temporarily tighten the center nut for HP pump shatft.

A\ NoTice

» Be careful not to rotate the shaft.

6. Install the timing chain on the sprocket and lock the
sprocket with a special tool.

Al NoTice

» Do not apply excessive force to the timing chain.
Otherwise, the TDC point deviates from correct
position.

FUEL SYSTEM
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7. Tighten the center nut for HP pump.

Tightening torque 65+ 5.0 Nm

Al NoTice

* Replace the center nut with new one.

8. Press the upper and lower guide pins into the guide.

Al NoTice

e Check the timing chain and guide pin for contact.

9. Align the marks on the HP pump sprocket and the
timing chain and tighten the bolts.

Tightening torque 20 Nm £ 90°

10. Remove the special tool.

11. Install the mounting bracket behind HP pump.

Tightening torque 25+ 25Nm

12. Install the chain tensioner.

Tightening torque 80+ 8Nm

Al NoTicE

* Replace the chain tensioner washer with new one.
« Be careful not to drop the washer into the hole.

FUEL SYSTEM
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13. Check if the mark on the intake camshatft is at the
correct position through oil filler opening.

Al NoTice

* Rotate the bolt on crankshaft damper pulley two
revolutions and check if the mark on the intake
camshaft is at the correct position.

14. Clean the timing chain cover parting surface and
apply the sealant on it.

15. Install the timing chain cover.

A\ NoTice

* Align the cover and the guide pin.

Tightening torque 10+ 1.0 Nm

16. Install the auto tensioner assembly.
1) Upper bolt (24M):

Tightening torque 82+ 6.0 Nm

2) Lower bolt (13M):

Tightening torque 32+ 3.0Nm

FUEL SYSTEM
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17.

18.

19.

20.

Install the coolant pump pulley.

Tightening torque 10+ 1.0 Nm

Install the fan clutch with a special tool.

Tightening torque 10+ 1.0 Nm

Install the oil dipstick tube and bracket.

Tightening torque 10+ 1.0 Nm

Install the exhaust EGR pipe and bracket.

Tightening torque 10+ 1.0 Nm

Al NoTice

21.

22.
23.
24,

25.

Make sure that the con- =i
vex surface of new steel _/

gasket is facing the direc- 1 IJ_T:I
tion as shown in the Gasket Installing
figure. direction

Engage the turbo charger and PCV separator
connecting lines.

Engage the air cleaner hose and tighten the clamp.
Connect the HFM sensor connector.
Install the EGR center pipe.

Tightening torque 25+ 2.5Nm

Connect the HP pump connectors and engage the
hose lines.

1) Fuel temperature sensor connectors and IMV
connector

2) Venturi hose and fuel return hose
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26.

27.

Install the coolant temperature sensor and the knock
sensor.

When replaced the HP pump, initialize the fuel
pressure by using Scan-100. Refer to “Trouble
Diagnosis” section in this manual.

Al NoTice

27.

28.

If the initialization of fuel pressure has not been
performed, the engine ECU controls new HP pump
with the stored offset value. This may cause the
poor engine output.

Install the vacuum modulator to the intake manifold
bracket.

Connect the vacuum modulator connecting lines
and connector.

1) Vacuum modulator for turbo charger control
2) Vacuum modulator for EGR valve control

Al NoTice

29.

30.
31.

32.

33.
34.
35.

36.

Ensure that the vacuum hoses are connected to
correct positions.

Connect the hose to coolant outlet port and tighten
the clamp.

Install the air intake duct.

Install the fan belt while pressing the auto tensioner
adjusting bolt.

Place the fan shroud in its location and install the
cooling fan by using an open end wrench.

Tightening torque 10 £ 1.0 Nm

Install the fan shroud.
Add the coolant.

Check all the connections for tightness and pump
the priming pump to deliver the fuel to the transfer
line of HP pump.

Start the engine and check if abnormality is
present.

FUEL SYSTEM
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» Fuel Filter

Function

Foreign materials in fuel can damage the pump components, transfer valve and injectors. Therefore, the high
pressure direct injection engine must use fuel filter. Otherwise, the operation performance will drop dramatically.
And, diesel fuel may contain water due to condensation by temperature changes and this condensation water
can damage the system by corroding the injection system. Thus, the common rail engine should have function

that can drain water periodically.

from HP pump to f

uel tank

to HP
pump

from fuel tank i

Water Sensor

Effective water storing rolame: 120cc
Warning light ON level: 39 cc

Fuel filter
Fuel level in filter: 500 + 25 cm?
Filtering effective
« Particles larger than 3um > 98 %
* Particles larger than 5um > 99.8 %
* Particles larger than 15um > 100 %

Drain plug
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Change Interval: 30,000 km

Water separation and storage function

1. Function: It separates the condensation water from diesel fuel to prevent the water from getting into FIE system,
and results in protection of FIE system. (manual drain)

2. Water reserve capacity: 124 cc

3. Water warning light turning on level: 39 cc

4. Water drain interval: When changing engine oil or every 20,000 km

Water sensor

It is integrated in the filter and sends signal to ECU when water level reaches at a specified value (over 75 cc) in
the filter to let the driver drain the water.

Fuel De-Waxing — Improving starting performance in cold weather

Due to characteristics of diesel fuel, some of fuel components solidify during cold winter under below a specific
temperature (-15°C). When those symptoms happen, engine may stall; however, some of the fuel (temperature
rises due to high compression) in the HP pump in D27DT engine return to the filter to warm up fuel when
temperature is below 50°C by improving cold start performance during cold winter.

Return to fuel tank

Fuel comes % When the fuel temperature
from engine From fuel tank is over 50°C, bimetal is

To engine bended down then the fuel

returned from engine flows

to fuel tank only, not to filter.

Up if below 50°C

Bimetal 50°C

Down if over 50°C

<Fuel flow in the fuel filter>
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Removal and Installation

1. Disconnect the fuel supply and return hoses.

Al NoTice

» Plug the openings of hoses and fuel filter with seal-
ing caps.

* Ensure that the hoses are connected to correct
positions.

2. Loosen the bracket bolts and disconnect the hose from
the drain plug.
3. Remove the fuelfilter.
4. Installin the reverse order of removal.
5. Press the priming pump until it becomes rigid to de-
liver the fuel to the transfer line of HP pump.
CHANGED BY FUEL SYSTEM
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» Priming Pump

If fuel runs out during driving or air gets into fuel line after
fuel filter replacement, it may cause poor engine starting
or damage to each component. Therefore, the hand prim-
ing pump is installed to bleed air from transfer line.

When the vehicle is under the conditions as below, press
the priming pump until it becomes rigid before starting
the engine.

Conditions for using Priming Pump
1. Afterrun out of fuel

from fuel

2. After draining the water from fuel separator T tank
3. Afterreplacing the fuel filter

A\ NoTice

* When the fuel filter is replaced, the fuel in the fuel tank should be transferred to the filter by using priming
pump. So never transfer the fuel in the fuel tank to the filter by driving HP pump with cranking the engine.

» Relations Between Pressure and Temperature in Fuel Transfer Line

Pump inlet pressure
Pump
' - High pressure common rail
' Fuel transfer !
: line
. E . Vv
: Injector
Ventury
Pump outlet Injector No.1 return Injector No.5 return
pressure pressure pressure

1. The fuel transfer line is the line between fuel tank and HP pump inlet port. The pressure on this line affects the
lifetime of fuel filter.

2. Temperature of fuel transfer line

1) Pump inlet temperature is less than 80°C.

2) Above figure shows the temperature changes in each section caused by temperature changes in pump inlet
section; the temperature of fuel pump inlet is up to 80°C.
And, diesel fuel has lubrication effects due to its viscosity. Thus, the fuel is also used for pump lubrication.
However, this lubrication performance drops as the temperature rises. Accordingly, when the fuel temperature
is over 50°C, 100% of fuel is returned to fuel tank to cool down the temperature and then increase the
lubrication effects of fuel and prevent heat damage on each section of high fuel pressure line.
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» High Pressure Accumulator (Common Rail)

D20DT D27DT

Description

The high pressure accumulator reserves the high pressure fuel. Simultaneously, the pressure changes due to
the delivery from HP pump and the fuel injection is diminished by rail volume. This high pressure accumulator is
commonly used in all cylinders. Even when a large amount of fuel leaks, the common rail maintains its internal
pressure. This ensures that the injection pressure can be maintained from when the injector opens.

Function

1. Relieve the pressure pulsation
2. Provide pressure information to ECU (fuel pressure sensor)

Specifications

FUEL

1. Material: Forged Steel

2. Dimension: « Volume: 19.5 + 1cc (D20DT), 22 + 1cc (D27DT)
e Length: Max. 345.11 mm (D20DT), Max. 397.7 mm (D27DT)
e Outer diameter: 27 mm (D20DT), 25.3 mm (D27DT)

3. Fuel pressure sensor Integrated type
1) Sensorinputvoltage: 5+ 0.1V
2) Sensor output signal voltage: « 4.055+ 0.125V = 1600 + 15 bar
* 0.5+0.04V = 0bar
4. Operating pressure range
1) Normal condition: 0 ~ 1800 bar
2) Exceptional condition: available within 1800 ~ 2100 bar
3) Bursting pressure: over 2500 bar

5. Ambient temperature:
1) available within -40°C ~ 125°C
2) Spontaneous max. temperature after engine stops: 140°C (acceptable against total 15 hours)

6. Fluid temperature: -40 ~ 100°C under normal operating conditions
7. Removal and installation: 10 times without any damage
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D20DT No. 1 No. 3 No. 4 No. 2
D27DT No. 1 No. 2 No. 3 No. 4 No. 5

|

HP pipe_____ ¢

Injector |

Fuel pressure
sensor

<High Pressure Accumulator>

» High Fuel Pressure Pipe

1.

Function: Resistant to pressure changes, tightness against surroundings, supplying fuel through pump, rail

and injector with high pressure
Material: Steel (Zn Plated)

3. Common: Cylinder 1, 2, 3, 4 (D20DT), Cylinder 1 & 3, 2 & 4, 5 (D27DT)

Internal pressure

1) Internal operating pressure: 0 ~ 1600 bar during its lifetime

2) Spontaneous max. pressure when restoring: 2100 bar (max. total period: 20 hours)

3) Bursting pressure: over 2500 bar

To keep cleanness and tightness, the high pressure pipe assembly should be used only once.

A\ NoTice

* Make sure to replace the removed high fuel pressure pipes.
» Tighten the fasteners with the specified tightening torque.

High fuel pressure
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Removal and Installation

¥ Preceding Work: Removal of engine cover

1. Disconnect the fuel pressure sensor connector.

Al NoTICE

* Replace the fuel pipes with new ones.

* Plug the openings of hole in the common rail with
sealing caps.

2. Unscrew the nuts and remove the fuel supply main
pipe from the fuel line.

Installation Notice

Tightening torque 40 £ 1.0 Nm

Al NoTice

* Replace the fuel pipes with new ones.

* Plug the openings of hole in the common rail with
sealing caps.

3. Unscrew the high fuel pressure line nuts and remove
the fuel pipes.

Installation Notice

Tightening torque 40 £ 1.0 Nm

Al NoTICE

» Replace the fuel pipes with new ones.

* Plug the openings of hole in the common rail with
sealing caps.

CHANGED BY FUEL SYSTEM
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4. Unscrew the bolts and remove the common rail
asssembly.

Installation Notice

Tightening torque 25+ 2.5Nm

A\ NoTicE

* Replace the fuel pipes with new ones.

* Plug the openings of hole in the common rail
with sealing caps.

5. Install in the reverse order of removal.
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» Fuel Pressure Sensor

Fuel pressure sensor on the center of common rail detects instant fuel pressure changes and then sends to ECU.
When received these signals, ECU uses them to control fuel volume and injection time.

The fuel in the rail reaches to sensor diaphragm via blind hole in the pressure sensor and the pressure signal
converts to electrical signal. The signal measured by sensor will be amplified to input to ECU.

This piezo element type sensor changes pressure into electrical signal. Accordingly, when the shape of dia-
phragm changes, electrical resistance in the layers on the diaphragm changes then can measure 0.5 ~5V.

1. Sensorinputvoltage: 5+ 0.1V

2. Output signal voltage of sensor
1) 4.055%0.125V: 1600 % 15 bar
2) 0.5+0.04 V:0 bar

FUEL
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Pres-|_| Physical Electricall
sure| |changes Converts to lcally ECU
electric signal amplyfying
signal
<Operation Principle of Fuel Pressure Sensor>
48V |
4.5V
rrrrrrrrrrrrrrrrr Upper area
Output
voltage
0.5V ;
Q.oV | e e e - Lower area
0 MPa Pressure (P) — 150 MPa
<Sensor Voltage>
Piezo resistance
A 25
Ground
B 26
SIG
I
C 6
REF 5V
Pressure sensor
<Circuit Diagram of Fuel Pressuer Sensor>
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» Fuel Temperature Sensor

<Fuel Temperature Sensor>

Temperature

<Output Characteristics of Fuel Temperature Sensor>

Resistance

Fuel temperature sensor is a NTC resistor that sends fuel temperature to ECU.

In case of NTC resistor, the resistance lowers if engine temperature rises so the ECU detects lowering signal

voltages.

Fuel temperature sensor is installed on the fuel return line to correct pressure after measuring fuel temperature.
5V is supplied to the sensor and voltage drop by temperature is delivered to ECU to measure the fuel tempera-

ture through analog-digital converter (ADC).

109

Fuel Temp
Sensor

110

Signal
NN — BV ref

Ground

<Circuit Diagram of Fuel Temperature Sensor>

FUEL

» HFM Sensor

Refer to “Intake System”

» Crankshaft Position Sensor

Refer to “Engine Assembly”

» Knock Sensor

Refer to “Engine Assembly”

» Camshaft Position Sensor

Refer to “Engine Assembly”
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INJECTOR

The C21 labels including injector characteristics are attached in each injector. These C21 values should be input to

ECU by using Scan-i when replacing the ECU or injectors.

Special cautions:
1. Plug the openings of hoses and pipes with the sealing caps.

Ao DN

Replace the copper washer in injector with new one.
Tighten the injector holder bolts with the specified tightening torque.
Be careful not to drop the injector.

Edge filter

Leak off

- nipple

C2I label

;

B C43AB3237A
KU «30

C020B35CBDESACSC

C2l value

Cap nut —=

Washer

| «—Nozzle body

Specifications
Length: - Injector body 181.35 mm
- Injector nozzle 22.155 mm

Nozzle basic: 5 Holes, 150° Cone
Angle, 890 mm3/min (D20DT)

Nozzle basic: 5 Holes, 146° Cone
Angle, 840 mm3/min (D27DT)

Control: PWM type (solenoid injector)
Tightening: By clamping fork
Fuel return: Nipple

—+— Control valve

-— Adaptor plate

Nozzle needle
|/
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The maximum injection pressures are approximately 1,600 bar. The forces to be overcome in order to lift the needle
of the injector are therefore very large. Because of this, it is impossible to directly control the injector by using an
electromagnetic actuator, unless very high currents are used, which would be incompatible with the reaction times
required for the multiple injections. The injector is therefore indirectly controlled by means of a valve controlling the
pressurizing or discharging of the control chamber located above the needle:

1. When the needle is required to lift (at the start of injection): the valve is opened in order to discharge the control

chamber into the back leak circuit.

2. When the needle has to close (at the end of injection): the valve closes again so that pressure is re-established

in the control chamber.

Valve

In order to guarantee response time and minimum en-
ergy consumption:

1. The valve must be as light as possible.

2. The valve stroke must be as short as possible.

3. The effort needed to move the valve must be minimal,
which means that the valve must be in hydraulic equi-
librium in the closed position.

Spring pressure ensures contact between the valve and
its seat. To lift the valve, it is therefore required to over-
come the force being applied by this spring.

Spacer

The spacer is situated underneath the valve support. It

integrates the control chamber and the three calibrated

orifice which allow operation of the injector. These ori-

fices are:

1. Theinjector supply orifice (Nozzle Path Orifice: NPO)

2. The control chamber discharge orifice (Spill Orifice:
SPO)

3. The control chamber filling orifice (Inlet Orifice: INO)

Valve

pressure

Volume

under
high ‘ | ‘
| E |

Contact
‘ ‘ making seal

Depressuriza-

Valve | tion grooves
Spill // A Volume
orifice | L ‘ | under
vacuum
Spacer
INO inlet TR _T ] | spo spill
irifice - orifice
Control
NOP nozzle . | chamber
path orifice :
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» Principle of Operation

s Ff = pressure spac
(Ff = Prai * S)

Fo = pressure xspace

(Fo=P_,*S)
A—¥ b iy
" k.

Valve closed Valve opens Valve open Valve closes Valve closed
Needle Needle Needle opens Needle open Needle
closed closed Start of End of closed

No injection No injection injection injection No injection

Injector at rest

The valve is closed. The control chamber is subject to

the rail pressure.

The pressure force applied by the fuel onto the needle is: Sem?)

Ff =S % Prai Ff(Kg)

The needle is closed and hence there is no fluid circu-

lation through the NPO orifice. While static, the nozzle

produces no pressure drop. The cone of the needle is

therefore subject to the rail pressure. The force ap-

plied by the fuel to the needle is:

Fo = A x Prail

Since Ff > Fo, the needle is held in the closed position.

There is no injection.
A(cm?2)
Fo(Kg)

Solenoid valve control

When the solenoid valve is energized, the valve opens. * S: The area of the flat upper surface of the injector’'s needle

The fuel contained in the control chamber is expelled * A: The area of the needle surface situated above the section

X . : P o of contact between the needle and its seat
through the discharge orifice known as the Spill Orifice * Ff: The force applied by the fuel onto section “S”
(SPO)- * Fo:The force applied by the fuel onto section “A”

As soon as Ff > Fo, the needle remains held against its
seat and there is no injection.
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Start of injection

As soon as Ff < Fo, or in other words:

Pcontrol < Prail * AIS
The needle lifts and injection begins. As long as the valve is open, the injector's needle remains lifted. When
injection begins, fuel circulation is established to feed the injector. The passage of the fuel through the inlet
orifice of the injector (similar to a nozzle) leads to a pressure drop which depends on the rail pressure.

When the rail pressure is at its highest (1600 bar), this pressure drop exceeds 100 bar. The pressure applied
to the cone of the needle (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>